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Get in league with the future.

Horace Greeley

Chapter 1
Invited Commentary

Jesse Roth 

The Future

By reading this piece, you are identifying yourself as a part 
of the vanguard in geriatric surgery. Textbooks of surgery 
and textbooks of geriatrics cover geriatric surgery very 
sparingly. You have chosen to tackle a textbook on geriatric 
surgery.

Demographics and Dollars

The elderly are the fastest growing segment of the popula-
tion, with the so-called old–old in the lead. The elderly are 
highly overrepresented in the hospital population and in the 
medical expenses column. The application more widely of 
basic well-established principles of care for the elderly will 
almost certainly reduce the number of elderly in the hospital 
and increase the return on money spent. Most important, we 
can expect better outcomes for the elderly patients, espe-
cially for those who were hospitalized. Hospitalization and 
surgery are each serious threats for the elderly patient.

Geriatrics Is a Frontier

“Go West, young man,” [1] was an exhortation to move from 
the built up to the new, the frontier, the so-called cutting edge. 
Geriatrics as a branch of medicine is young and is having a 

growth spurt. The subspecialties in medicine are increasing 
their attention to issues related to care for the elderly. In geri-
atric surgery, the frontiers are open.

History provides us with some models. Harvey Cushing 
was one of the twentieth century’s giants, a pioneer. In the 
early years of the twentieth century, with great daring and 
deep thought, he took principles of general surgery and very 
meticulously applied them to the brain. In addition to his 
skills in the operating theater, he gave his patients extraordi-
narily attentive care, before surgery as well as after. Indeed, 
infection rates on his patients in the pre-antibiotic area, 
would win a commendation medal today. Today we revere 
him as the father of neurosurgery [2].

Pediatrics emerged from adult medicine at about the same 
time [3]. Now pediatrics has a complete array of sub-specialists 
covering all aspects of care for the young. When I was a medi-
cal student 50 years ago, pediatric surgery was just coming into 
its own. Now it is a well-established subspecialty.

Quest for Excellence

As the age of the patient increases, the gap grows that sepa-
rates the good physician from the excellent physician. A simi-
lar gap shows itself as the age of the child decreases. The 
premature baby and the frail elderly share many features. One 
very big difference – pediatrics, pediatric surgery, pediatric 
nursing, neonatology, pediatric gastroenterology, pediatric 
endocrinology, and their cousins are well-developed areas of 
expertise with highly trained practitioners. Their counterparts 
in the care of the elderly are fewer and are less deeply trained. 
It is much more difficult for physicians involved in the care of 
an elderly patient to get expert help than it is for the doctor 
caring for a child. Worse yet, the adult physicians (and other 
medical providers) who are inadequately trained in geriatric 
care are often unaware of their deficiencies.

J. Roth () 
Feinstein Institute for Medical Research, Albert Einstein College  
of Medicine, North Shore-Long Island Jewish Health System,  
149-37 Powells Cove Blvd, Whitestone 11357, NY, USA 
e-mail: jesserothmd@hotmail.com
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Fifty years ago, all of us were deficient as well as unaware 
of our deficiencies in care of the elderly. I have clear memories 
of a man in his eighties cared for by me and by a surgeon. The 
surgery was successful but the patient had a series of compli-
cations and died. Today, I can think of many useful interven-
tions that were unknown and unused by us in those days.

The Challenge

The elderly patient is intrinsically more complex and chal-
lenging than the equally ill youngster. The young patient 
typically has one disease – complications and medications 
are few. The older patient classically has multiple conditions 
and a long list of medications, co-conspirators that blur the 
diagnosis and complicate the therapy. Laboratory values in 
young patients have established norms developed in young 
people. Normal ranges for the elderly are much less reliable, 
often guesses, appropriated with little testing from a much 
younger age group. Family responsibility for the young 
patient has a well-defined societal pattern whereas family 
links to the elderly patient are very variable and may require 
high level diplomacy. Yet, optimal outcomes for the young 
patient and for the old often require skillful and energetic 
family involvement.

Medical decisions with an elderly patient require profes-
sional skills at their best. The physician may start with an 
evidence-based algorithm conceived on experience with 
younger patients but the plan needs to be custom made for 
the particular patient at hand. In addition to deciding which 
tests and which surgery should be done, an important part of 
the care is deciding which tests and which surgery should not 
be performed. Even when a patient fulfills all the criteria for 
surgery, good judgment may modify or veto that decision for 
an elderly patient.

Medical Care from Here to the Future

Someday, care for the elderly will be totally in the hands of 
skilled caregivers who are highly trained in geriatrics, as 
exists now in pediatrics. Today, individual caregivers must 
gain multiple skills in many aspects of caring for the elderly. 
There are unique opportunities at your medical center to be 
among the pioneers who are importing best geriatric prac-
tices into surgery. In addition, you need to search for and 

recruit as advisors the minority of health care deliverers in 
your community who are skilled in caring for the geriatric 
patient.

Learning, teaching, and research opportunities will 
abound.

Scientific Advances in Geriatrics

The opening chapters of this book tackle several important 
scientific areas related to aging and the elderly patient. I 
recall meetings in geriatrics 20 years ago when the papers 
dealing with lab studies on aging fit a single track for 1 day. 
Now multiple tracks on multiple days are needed. The scien-
tific basis of bone health, muscle wasting, and longevity are 
each a rich lode of discovery. The coming age of science in 
geriatrics is best epitomized by studies of cell aging that led 
to the 2009 Nobel Prize for pioneer work on telomeres.

The Road Ahead for the Physician

Intense focus in a well-circumscribed area can add great 
value to the physician’s effort. These efforts often translate 
into shorter less expensive stays in the hospital, a language 
understood by administrators. At a time when burnout is 
increasingly widespread among physicians, these efforts can 
also be very rewarding to the professional soul.

Treatment for burnout has a poor prognosis. Prevention is 
more likely to succeed. Given the large loan balances and 
uncertain retirement programs that burden young physicians, 
the journey ahead may be unexpectedly long. Passionate 
commitment to a segment of one’s professional life may be 
the key to a long happy satisfying medical career at this dif-
ficult time. Care for the elderly is energized by a pioneer 
spirit that makes it especially attractive for a long career.

References

	 1.	Ascribed to Horace Greeley
	 2.	Bliss M (2005) Harvey cushing: a life in surgery. University of 

Toronto Press, Toronto
	 3.	Markel H (2000) For the welfare of children: the origins of the rela-

tionship between us public health workers and pediatricians. Am J 
Public Health 90:893–899



5R.A. Rosenthal et al. (eds.), Principles and Practice of Geriatric Surgery,
DOI 10.1007/978-1-4419-6999-6_2, © Springer Science+Business Media, LLC 2011

P. Rai () and B.R. Troen () 
Department of Medicine, Division of Gerontology and Geriatric 
Medicine, Leonard M. Miller School of Medicine, University  
of Miami, Miami VA GRECC, Miami, FL, USA 
e-mail: prai@med.miami.edu; troen@miami.edu

Chapter 2
Cell and Molecular Aging*

Priyamvada Rai and Bruce R. Troen 

* Portions of this chapter are reprinted with permission from Troen BR 
(2003) The biology of aging. Mt Sinai J Med 70(1):3–22.

Every day you get older – that’s a law.

Butch Cassidy to the Sundance Kid

Aging seems to be the only available way to live a long life

Daniel Francois Esprit Auber

There is no such thing as a free lunch

Anonymous

Introduction

Discussions of aging invariably begin by establishing a sat-
isfactory definition for the term aging and the related word 
senescence. Although the term aging is commonly used to 
refer to postmaturational processes that lead to diminished 
homeostasis and increased organismic vulnerability, the 
more correct term for this is senescence (derived from the 
Latin word “senescere,” meaning to grow old or to dimin-
ish), which explicitly refers to the process of growing old 
and sustaining related deterioration. Aging on the other hand 
can refer to any time-related process. We will use senescence 
to refer to cellular phenomena and aging to refer to changes, 
as organisms grow old.

Gerontologists often categorize the process of aging into 
normal, usual, or successful aging. Normal aging involves 
inexorable and universal physiological changes, whereas 
usual aging includes age-related diseases. For example, 
menopause and the decline in renal function represent aspects 
of normal aging. In contrast, coronary artery disease is an 
example of usual aging and is not found in all older persons. 
Successful aging encompasses the concept of growing older 
without significant impairment of physiological, cognitive, 

and social function. This approach to aging enables the utili-
zation of a conceptual framework that identifies intrinsic 
(developmental-genetic) versus extrinsic (stochastic) causes. 
However, accumulating evidence increasingly stresses the 
importance of both. Indeed, the altered homeostasis in older 
organisms is likely the result of a genetic program that deter-
mines the response to exogenous influences and thereby 
increases the predisposition to illness and death.

Life Span and Life Expectancy

The average/median life span (also known as life expec-
tancy) is represented by the age at which 50% of a given 
population survives, and maximum life span potential 
(MLSP) represents the longest-lived member(s) of the pop-
ulation or species. The average life span of humans has 
increased dramatically over time, yet the MLSP has remained 
approximately constant (Fig. 2.1) [1]. For 99% of our exis-
tence as a species, the average life expectancy for human 
was very short compared to the present. During the Bronze 
Age (circa 3,000 b.c.), the average life expectancy was 18 
years due to disease and accidents. Average life expectancy 
in 275 b.c. was still only 26 years. By 1900, improved sani-
tation helped to improve the average life expectancy at birth 
for humans to 47 years, but infectious disease was still a 
major killer. As of 2005, better diet, health care, and reduced 
infant mortality had resulted in an average life expectancy 
of 77.8 years [2]. The increase in the average life expec-
tancy has resulted in a compression of morbidity (a squaring 
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of the mortality curve) towards the end of the life span 
(Fig. 2.1). Of note, the longest-lived human for whom docu-
mentation exists was Jeanne Calment, who died at the age of 
122 in August 1997. The longest-lived male was Christian 
Mortensen, who died in 1998 at the age of 115. As causes of 
early mortality have been eliminated through public-health 
measures and improved medical care, more individuals have 
approached the maximum life span. Between 1960 and 
2000, the population of those aged 85 years and over grew 
356%, whereas the elderly population in general rose 111%, 
and the entire U.S. population grew only 57% [3].

A number of physiological functions begin a progressive 
decline from the fourth decade onward, including the cardio-
vascular, pulmonary, renal, and immune systems. In women, 
this correlates with a decline in reproductive capacity. 
Interestingly, one study has shown that women who are fer-
tile in their forties are nearly four times as likely to survive to 
the age of 100 than women who are not [4], suggesting that 
reproductive fitness later in life may be an indicator of lon-
gevity. The age of menopause has also been linked to life 
span. Controlling for socioeconomic factors, women who 
undergo menopause before the age of 40 are twice as likely 
to die before those who experience menopause after the age 
of 50 [5, 6]. These findings hold true even when a history of 
estrogen replacement therapy is taken into account, suggest-
ing that reduced estrogen alone is not responsible for the 
ostensible reduction in life span. Another study found that 
while late reproduction correlated with increased longevity 
in postreproductive Sami women, maternal age at first birth 
and total fecundity did not appear to impact female longevity 
[7]. In males, although spermatogenesis per se does not show 
a significant age-related decline, testosterone levels fall 
with advancing age, and a few studies have linked reduced 
bioavailability of testosterone to age-related functional 

degeneration [8, 9]. Therefore, it would appear that there is a 
link between reproductive health, aging, and life span (see 
the disposable soma theory discussed below).

MLSP appears to be species-specific, implying a signifi-
cant genetic component to the rate of aging. For example, 
humans have an MLSP 25- to 30-fold higher than mice. 
Some biodemographic estimates predict that elimination of 
most of the major killers such as cancer, cardiovascular dis-
ease, and diabetes would add no more than 10 years to the 
average life expectancy, but would not affect MLSP [10, 11]. 
This implies an upper limit to the MLSP. Some models sug-
gest that genes operate by raising or lowering the relative 
risk of death by making cancer, coronary disease, or 
Alzheimer’s disease more likely, rather than by fixing the life 
span. One mathematical model predicts that if participants in 
the Framingham Heart Study had been able to maintain the 
levels of 11 different risk factors similar to those of a typical 
30 year old, the men and women would have survived to an 
average age of 99.9 and 97.0 years, respectively [10].

There are three known regimens that can extend life span. 
The first two involve lowering ambient temperature and 
reducing exercise and are effective in poikilotherms (cold-
blooded species). A 10°C drop or the elimination of a house-
fly’s capacity to fly extends the maximum life span 
approximately 250% [12]. Both of these manipulations 
decrease the metabolic rate and are accompanied by decreases 
in free radical generation and oxidative damage to protein 
and DNA.

The third intervention is caloric restriction, which can 
extend life span in yeast, worms, flies, grasshoppers, spi-
ders, water fleas, hamsters, mice, rats, and dogs [13]. 
Dietary restriction without malnutrition can increase both 
the average and maximum life spans of mice and rats by 
more than 50% [14, 15]. Although calories are severely 
restricted (up to 40%), essential nutrients such as vitamins 
and minerals are maintained at levels equivalent to those 
found in ad libitum diets. The diet-restricted animals also 
exhibit a delay in the onset of physiological and pathologi-
cal changes with aging [16]. These include hormone and 
lipid levels, female reproduction, immune function, neph-
ropathy, cardiomyopathy, osteodystrophy, and malignan-
cies. Size, weight, fat percentage, and some organ weights 
are markedly less in calorically restricted animals [17]. The 
specific metabolic rate, the amount of oxygen consumed 
per gram of tissue, decreased in rats subjected to caloric 
restriction [18, 19]. However, in one study, long-term food 
restriction did not alter the metabolic rate [20]. This finding 
suggests that the specific metabolic rate may not be a criti-
cal determinant of longevity. To date, life span extension in 
mammals by dietary restriction has been most convincingly 
demonstrated in rodents. However, dietary restriction in 
primates [21–24] and in humans [25, 26] does appear to 
improve a number of metabolic and cardiovascular disease 
risk parameters.

Figure 2.1  Percent survival curve for humans at different times in history 
with varying environments, nutrition, and medical care. The 50% survival 
values have improved, but maximum life-span potential has remained the 
same (From Troen BR (2003) The biology of Aging. Mt Sinai J Med 
70(1):3–22. Reprinted with permission of John Wiley & Sons, Inc.).
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Characteristics of Aging

There is evidence supporting at least five common character-
istics of aging in mammals (Table 2.1):

	1.	 Increased mortality with age after maturation: In the early 
nineteenth century, Gompertz first described the exponen-
tial increase in mortality with aging due to various causes, a 
phenomenon that still pertains today [27]. In 2005, the 
death rate for all causes at the age of 25–34 was 104.4/100,000 
and at the age of 35–44 was 193.3/100,000. Death rates at 
the age of 65–74, 75–84, and 85 and over were 
2,137.1/100,000, 5,260.0/100,000, and 13,798.6/100,000 
respectively: a greater than 130-fold increase from young 
adults to the oldest group [28]. Indeed, the pattern of age-
related survival is similar across species, including inverte-
brates and single-cell organisms (Fig. 2.2).

	2.	 Changes in biochemical composition in tissues with age: 
There are notable age-related decreases in lean body mass 
and total bone mass in humans [29, 30]. Although subcu-
taneous fat is either unchanged or declining, total fat 
remains the same [29]. Consequently, the percentage of 
adipose tissue increases with age. At the cellular level, 

many markers of aging have been described in various 
tissues from different organisms [31]. Two of the first to 
be described were increases in lipofuscin (age pigment) 
[32] and increased cross-linking in extracellular matrix 
molecules such as collagen [33, 34]. Recent studies have 
shown that DNA damage markers such as gamma-H2AX 
and 53BP1 are upregulated in tissues of aged primates 
[35, 36] and mice [37], presumably arising from DNA 
double-strand breaks (DSB) and/or dysfunctional chro-
mosome ends called telomeres. Additional examples 
include age-related changes in both the rates of transcrip-
tion of specific genes and the rate of protein synthesis and 
numerous age-related alterations in posttranslational pro-
tein modifications, such as glycation and oxidation 
[38,  39]. For instance, the p16INK4a gene product has 
been found to be upregulated in a number of tissues from 
aging individuals and animals (see below).

	3.	 Progressive decrease in physiological capacity with age: 
Many physiologic changes have been documented in both 
cross-sectional and longitudinal studies. Examples include 
declines in glomerular filtration rate, maximal heart rate, 
and vital capacity [40]. These decreases occur linearly 
from about the age of 30; however, the rate of physiologi-
cal decline is quite heterogeneous from organ to organ 
and individual to individual [41, 42].

	4.	 Reduced ability to respond adaptively to environmental 
stimuli with age: A fundamental feature of senescence is 
the diminished ability to maintain homeostasis [43]. This 
is  manifested, not primarily by changes in resting or basal 
parameters, but in the altered response to an external 
stimulus such as exercise or fasting. The loss of “reserve” 

Figure 2.2  Viability curves from 
different model organisms have  
a similar characteristic shape. 
Representative mortality data  
are shown for Homo sapiens, 
Mus musculus, Caenorhabditis 
elegans, and Saccharomyces 
cerevisiae (From Troen BR 
(2003) The biology of Aging.  
Mt Sinai J Med 70(1):3–22. 
Reprinted with permission of 
John Wiley & Sons, Inc.).

Table 2.1  Characteristics of aging

1.	 Increased mortality with age after maturation
2.	 Changes in biochemical composition in tissues with age
3.	 Progressive decrease in physiological capacity with age
4.	 Reduced ability to respond adaptively to environmental 

stimuli with age
5.	 Increased susceptibility and vulnerability to disease
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can result in blunted maximum responses as well as in 
delays in reaching a peak level and in returning to basal 
levels. For example, the induction of hepatic tyrosine 
aminotransferase activity by fasting is both attenuated 
and delayed in old rodents [43]. The immune response 
also appears to be impaired in older individuals, leading 
to reduced ability to fight infections, less protection from 
vaccinations, higher incidences of autoimmunity, and 
impaired antigen affinity and class-switching by lympho-
cytes (reviewed by Dorshkind et al. [44]).

	5.	 Increased susceptibility and vulnerability to disease: The 
incidence and mortality rates for many diseases increase 
with age and parallel the exponential increase in mortality 
with age [45]. For the five leading causes of death for 
people over 65 years of age, the relative increase in death 
rates compared to people aged between 25 and 44 is: heart 
disease – 92-fold, cancer – 43-fold, stroke – >100-fold, 
chronic lung disease – >100-fold, and pneumonia and 
influenza – 89-fold [46]. The basis for these dramatic rises 
in mortality is incompletely understood but presumably 
involves changes in the function of many types of cells 
that lead to tissue/organ dysfunction and systemic illness. 
Interestingly, a retrospective study of centenarians dem-
onstrated that they live 90–95% of their lives in very good 
health and with a high level of functional independence 
[47]. The centenarians do suffer a 30–50% annual mortal-
ity at the end of their lives, but this represents a marked 
compression of morbidity towards the end of life and is 
close to the idealized survival curve in Figs. 2.1 and 2.2.

Mechanisms/Theories of Aging

In an effort to adequately explain the phenotype of aged organ-
isms, many speculations about the cause(s) of aging have been 
proposed. However, what is known about the fundamental 
molecular mechanisms involved in aging remains controver-
sial and largely unproven. A major reason for this is the obvi-
ous complexity of the problem. Aging changes are  manifested 
from the molecular to the organismal level; environmental 
factors affect experimental observations; secondary effects 
complicate elucidation of primary mechanisms; there exist a 
dearth of easily measurable “biomarkers” that are consistent 
over different tissues and species. No one unifying theory may 
exist since the mechanisms of aging could be quite distinct in 
different organisms, tissues, and cells, although there appear 
to be certain mechanisms, such as DNA damage, that are 
broadly conserved despite differences in specific response.

Theories of aging have historically been divided into two 
general categories: developmental-genetic and stochastic 
(Table  2.2). The term “developmental-genetic” implies a 
more active genetic control of  aging than likely exists. In 

addition, as described below, these categories are not mutu-
ally exclusive, particularly when considering the free radical/
mitochondrial DNA theory of aging. Indeed, there is likely a 
spectrum from birth to senescence that reflects a decreasing 
influence of active genetic influences and an increasing effect 
of stochastic events. This would parallel the shift in impor-
tance in general versus species-specific genes.

Developmental/Genetic Theories

A general framework for a plausible theory of aging begins 
with attempting to understand the evolutionary basis of senes-
cence. Developmental-genetic theories consider the process 
of aging to be part of the genetically programmed and con-
trolled continuum of development and maturation. Although 
this is an attractive notion, the diverse expression of aging 
effects is in sharp contrast to the tightly controlled and very 
precise processes of development. Also, evolution selects for 
the optimization of reproduction; the effects of genes 
expressed in later life probably do not play a large role in the 
evolution of a species. This class of theories is supported by 
the observation that the maximum life span is highly species-
specific. As noted above, the maximum life span for humans 
is 30 times that of mice. In addition, studies comparing the 
longevity of monozygotic and dizygotic twins and nontwin 
siblings have shown a remarkable similarity between monozy-
gotic twins that is not seen in the other two groups.

However, it is also likely that the interplay of genetic 
responses to extrinsic stresses may modulate the extent of 
aging. An interesting example of this theory comes from a 
study by Niedernhofer et  al. who demonstrated that aging 
mice as well as normal adult mice treated with mitomycin C 
to elevate DNA damage levels showed a shift in gene expres-
sion that was very similar to that observed in a mouse model 
of XPF-ERCC deficiency, a novel genetic disorder associ-
ated with accelerated aging [48]. The alterations in the tran-
scriptome reflected enhanced antioxidant and anabolic 
pathways and reduced insulin growth factor (IGF-1) signal-
ing (a known longevity assurance mechanism), suggesting a 
systemic shift of the somatotrophic axis from growth to 
maintenance under genotoxic stress. Thus, in the model of 

Table 2.2  Theories of aging

Developmental/genetic

Antagonistic pleiotropy theory
Longevity-associated genes
Disposable soma theory

Stochastic
Free radical/oxidative stress
Mitochondrial dysfunction theory
DNA damage theory of aging
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XFE/ERCC−/− progeroid syndrome, the phenotypic outcomes 
depend not just on DNA damaging stimuli, which likely 
cause a functional decline, but also on the genetic adaptive 
response to the damage mediated by the IGF metabolic 
pathway [48].

Antagonistic Pleiotropy

Evolutionary pressures select for a minimum successful life: 
this includes the ability to reach reproductive age, procreate, 
and then care for offspring until weaned (so that they, in turn, 
will achieve reproductive age and continue the cycle) [49, 
50]. Within this context, it is likely that the postreproductive/
parental physiology of an organism is an epigenetic and 
pleiotropic manifestation of the optimization for early fitness. 
Kirkwood proposes that three categories of genes may be 
involved in senescence [51]: (1) those that regulate somatic 
maintenance and repair, (2) negatively pleiotropic genes that 
enhance early survival but are disadvantageous later in life 
(antagonistic pleiotropy), and (3) harmful late-acting muta-
tions upon which little evolutionary selection is exerted. 
The  presence of these genes may represent a spectrum 
from general to species-specific. Genes involved in cell main-
tenance and repair are likely to be present in all (or most) 
organisms, since such essential processes are similar across 
species. Late-acting mutations are probably species-specific 
because they are likely to be individualistic and random. 
Nonmaintenance pleiotropic genes could be universally found 
within a population or species, but may not be shared between 
species. An example of antagonistic pleiotropy would be the 
high expression of testosterone in a male gorilla that could 
lead to increased aggression and strength that would allow 
the male to become dominant and mate more frequently, but 
may eventually lead to a shortened life span due to increased 
atherosclerosis. Recent studies at the molecular genetic level 
have suggested that cellular senescence may be antagonisti-
cally pleiotropic because it prevents tumorigenesis but also 
contributes to organismal aging (see below).

Longevity Genes

There is ample evidence in multiple species that MLSP is 
under genetic control, though the degree of heritability is 
likely to be less than 35% [52]. Despite this apparently low 
figure, genetic mutations can significantly modify senes-
cence. In yeast, a number of genes affect both the average and 
maximum life span [53]. The products of these genes act in 
diverse ways, including modulating stress response, sensing 
nutritional status, increasing metabolic capacity, and silenc-
ing genes that promote aging. In the nematode (C. elegans), 
mutants with increased life span have revealed various genes 

that appear to play a role [54]: age-1 – altered aging rate, 
daf-2 and daf-23 – activation of a delay in development, spe-
26 – reduced fertility, and clk-1 – altered biological clock. 
These genes alter stress resistance (particularly in response to 
ultraviolet light), development, signal transduction, and met-
abolic activity. The daf-2 gene appears to encode an insulin 
receptor family member [55]. Mutations in daf-2 can double 
the life span but require the daf-16 gene [56]. A mutation in 
the daf-16 gene suppresses the UV resistance and increased 
longevity of the other gene mutants, suggesting that it acts at 
a critical point downstream of the other genes [54]. The daf-
16 gene is a member of the hepatocyte nuclear factor-3/fork-
head family of transcriptional regulators involved in a variety 
of signal transduction pathways, including insulin signaling 
[57]. A notable connection between single gene effects upon 
aging in yeast and higher eukaryotes was revealed by the 
finding that overexpression of the SIR2 gene and its homolog 
Sirt1 (sirtuin 1) extend life span in yeast and nematodes, 
respectively [58]. Sir2 (silent information regulator) is an 
NAD+-dependent histone deacetylase that silences transcrip-
tion and stablizes repetitive DNA in yeast. Aging and DNA 
damage induce Sir protein complexes to relocalize to sites of 
genomic instability, resulting in desilencing of genes. Sirtuin 
genes can function as antiaging genes in yeast, worms, 
and  flies [59]. There are seven mammalian sirtuin genes 
whose protein products function as histone deacetylases 
(SIRT1,2,3,5,6,7) and/or ADP-ribosyltransferases (SIRT4,6). 
SIR2 and its homologs appear to exert their effects by linking 
metabolism to aging and also enhancing mitochondrial bio-
genesis and efficiency [59, 60] (see below). SIRT1 modulates 
the activity of multiple critical transcriptional regulators of 
metabolism, including FOXO1, FOXO3a, PPARa, PPARg, 
and PGC-1a, which in turn impacts fatty acid oxidation, glu-
coneogenesis and glycolysis, oxidative capacity, fat mobili-
zation and adipogenesis, and insulin secretion.

A line of Drosophila melanogaster has been identified 
that exhibits an approximately 35% increase in average life 
span and enhanced resistance to various forms of stress, 
including starvation, high temperature, and dietary paraquat, 
a free-radical generator [61]. The mutation responsible, 
dubbed methuselah, appears to reside within a single gene 
that is homologous to GTP-binding transmembrane domain 
receptors. Another single-gene mutation leads to almost a 
doubling of the average adult Drosophila life span without a 
decline in fertility or physical activity [62]. This gene, named 
Indy (for I’m not dead yet), is homologous to a mammalian 
sodium dicarboxylate cotransporter, which is a membrane 
protein that transports Kreb’s cycle intermediates. The inves-
tigators speculate that the mutation in the Indy gene may cre-
ate a metabolic state that mimics caloric restriction. Previous 
studies have demonstrated that one group of long-lived flies 
is more resistant to oxidative stress [63], whereas another 
group exhibits resistance to starvation and desiccation [64].
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Genetic analysis of longevity in mammals has not been as 
revealing. However, immune loci in mice and humans have 
been implicated in long-lived subjects [53]. In addition, a 
mutation in the gene encoding the signaling molecule 
p66(shc), which significantly enhances the resistance to oxi-
dative stress, increases the mean life span of mice by 30% 
[65]. The Snell dwarf mouse contains a single-gene mutation 
that alters pituitary development and prevents the production 
of growth hormone, thyrotropin, and prolactin [66]. The 
dwarf mouse also exhibits an extended life span of 25–50% 
but is much smaller than normal mice. In contrast, the mice 
with the mutant p66 develop normally and are not signifi-
cantly smaller than wild-type mice (see Table 2.3).

There does appear to be a genetic component to longevity 
in humans. A number of mitochondrial DNA polymorphisms 
and variants are associated with life span (reviewed by De 
Benedictis et al. [67] and by Salvioli et al. [68]). The J hap-
logroup was found in a significantly greater percentage of 
male centenarians in northern Italy than in younger subjects. 
Interestingly, this same mitochondrial haplotype is overrep-
resented in a number of complex diseases [69], raising the 
possibility of an antagonistically pleiotropic gene or genes 
that exert deleterious effects in younger patients, but lead to 
better health at later ages (successful aging). To complicate 
matters further, mitochondrial DNA polymorphisms are 
present in different frequencies in various aged populations 
from Italy, Ireland, and Japan [70].

Single-nucleotide polymorphisms in nuclear chromo-
somal DNA that appear to be linked to either increases or 
decreases in life span have been identified in a variety of 
populations (reviewed by Capri et al. [71] and by Glatt et al. 
[72]). An interesting pattern is emerging that strongly sug-
gests that polymorphisms in genes implicated in metabolic 
signaling, inflammation, and stress response pathways play a 
role in aging and longevity. Metabolic genes implicated 
include the cholesterol ester transport protein [73], Foxo3A 
[74, 75], Foxo1A [76], SIRT3 [77, 78], the IGF1 receptor 
[79], and the insulin-degrading enzyme [80]. Inflammatory 
genes implicated include IL-6 [81, 82], IL-2 [83], CRP [84, 
85], and TNF [86]. A number of genes from both of the pre-
vious categories fall into the stress response domain. It is 
important to stress that many gene association studies 
uncover modest relationships that may pertain to specific 
population groups. Individual genes may contribute in only 
small ways to aging or longevity, and it is highly likely that 
multigenic impacts and interactions play more significant 
roles in modulating longevity within the context of environ-
mental stresses and lifestyle behaviors. Furthermore, there is 
intriguing evidence that a number of gene variants may play 
a more important role in increasing the human “health span,” 
rather than extending actual life span [72].

Interestingly, the human epsilon 4 allele of apolipoprotein 
E (ApoE), which is associated with increased coronary 

disease and Alzheimer’s disease, is inversely correlated with 
longevity [87]. In contrast, the epsilon 2 allele of ApoE and 
an angiotensin-converting enzyme (ACE) allele are found 
more frequently in French centenarians [87], although the 
ApoE2 allele is associated with type III and IV hyperlipi-
demia, and the ACE allele predisposes to coronary disease. 
These findings further suggest that genes can exert pleiotro-
pic age-dependent effects upon longevity. Further support 
for a genetic contribution to human longevity is provided by 
data demonstrating that siblings and parents of centenarians 
live longer [88]. In addition, centenarian offspring are sig-
nificantly less likely to experience myocardial infarction, 
stroke, and diabetes and to die than offspring of noncentenar-
ians [89]. Linkage analysis implicates the presence of a gene 
or genes on chromosome 4 that are associated with excep-
tional longevity [88]. Perls et al. note that a high percentage 
of centenarians had children while in their 40s (well before 
assisted reproduction). They, therefore, postulate that an evo-
lutionary force to prolong the period of childbearing would 
lead to the selection of longevity-enabling genes. Collectively, 
these studies also raise the question whether some genes 
affect susceptibility to disease rather than alter intrinsic 
aging.

In contrast to studies that uncover alterations in the expres-
sion of single genes during aging, Weindruch and Prolla and 
their colleagues have investigated the broad program of 
changes in gene expression that occur during aging and 
caloric restriction in mice and in monkeys [90–93]. A com-
mon theme is that aging induces a differential gene expres-
sion pattern in muscle and brain, consistent with inflammatory 
and oxidative stress and reduced expression of metabolic and 
biosynthetic genes. In muscle and brain from mice, caloric 
restriction either completely or partially prevented the age-
related changes in gene expression. Interestingly, caloric 
restriction did not ameliorate the aging-induced alteration in 
the program of gene expression seen in muscle from aging 
monkeys. So, even though the age-related changes in gene 
expression may be similar across species, the response to 
caloric restriction may not.

Disposable Soma Theory

The disposable soma theory [94] postulates that indefinite 
maintenance of somatic cells and tissues is not favored by 
natural selection, which instead allots available energy and 
resources towards the reproductive health of the organism in 
the early years of life. The basic prediction of this theory is 
that while immortal germline cells are faithfully maintained, 
the reduced investment in somatic cells causes deterioration 
and accumulation of unrepaired damage. Thus, the primary 
genetic control of longevity operates through ability to mod-
ulate the investment in basic cellular maintenance systems in 
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relation to the level of environment hazard. Accordingly, one 
claim of this theory would be that there is a tradeoff between 
fertility and longevity, with long-lived populations exhibit-
ing reduced fertility. One study that assessed correlations 
between the number of children and age of members of 
British aristocratic families noted that the longest-lived 
members had the fewest children [95]; however, the oldest 
women studied had a mean age of 68 years. As noted above, 
middle-aged women who give birth tend to live longer. These 
two disparate observations do not necessarily need to be con-
tradictory in the context of the disposable soma theory, as 
longer-lived individuals may possess a genetic advantage 
that allows the tradeoffs between longevity and reproductive 
ability to take place later in life.

Two other theories of longevity which may be broadly 
classed under the disposable soma theory of aging are the 
neuroendocrine theory and the immunologic theory of 
aging, both of which suggest aging is a result of declining 
somatic function. The neuroendocrine theory proposes that 
functional decrements in neurons and their associated hor-
mones are central to the aging process [96]. An important 
version of this theory holds that the hypothalamic–pituitary–
adrenal (HPA) axis is the master regulator of aging in the 
organism. Because the neuroendocrine system regulates 
early development, growth, puberty, control of the repro-
ductive system, metabolism, and many other aspects of nor-
mal physiology, functional changes in this system could 
exert effects throughout the organism. The decline in female 
reproductive capacity is an obvious neuroendocrine age-
related change. Mounting evidence suggests both the ovary 
and the brain play key roles in the menopause (rather than 
the previously held view of ovarian exhaustion) [97]. The 
neuroendocrine theory of aging is supported by experiments 
that show that hypophesectomy, followed by the replace-
ment of known hormones, maintains (and may extend) life 
span in rodents [98]. In addition, reductions in brain dop-
aminergic neurotransmission are more prominent in a 
shorter-lived rat strain [99]. Levodopa, a dopaminergic drug 
can prolong the mean life span in mice [100]. Treatment of 
rats with deprenyl facilitates the activity of the nigrostriatal 
dopaminergic neurons and protects these neurons from their 
age-related decay [101], and deprenyl increases both the 
average and maximum life span [102, 103]. Many human 
studies demonstrate gradually decreasing levels of periph-
eral hormones accompanied by normal levels of trophic hor-
mones [96]. This suggests either increased response to the 
peripheral hormones by the HPA axis or inappropriately low 
expression of the stimulating hormone. However, many 
organisms with aging phenotypes similar to those of higher 
vertebrates lack complex neuroendocrine systems. The 
changes that occur in the neuroendocrine system may be 
due to fundamental age-related changes in all cells and are 
therefore secondary manifestations of the aging phenotype. 

However, the neuroendocrine theory received some validation 
via a study of aging phenotypes in a mouse model of reduced 
neuronal growth signaling. Partial inactivation of the IGF-1R 
receptor in the murine embryonic brain inhibits growth hor-
mone and IGF signaling, leading to smaller size and an 
increased mean life span, apparently due to inhibition of the 
somatotrophic axis (see Table 2.3 [104]).

The immunologic theory of aging is based upon two main 
observations: (1) the functional capacity of the immune sys-
tem declines with age, as evidenced by a decreased response 
of T cells to mitogens and reduced resistance to infectious 
disease and (2) autoimmune phenomena increase with age, 
such as an increase in serum autoantibodies [105]. There is a 
shift to increasing proportions of memory T cells, accompa-
nied by enhanced expression of the multidrug resistance 
p-glycoprotein [106]. Humoral (B cell mediated) immunity 
also declines with age, as evidenced by decreased antibody 
production and a disproportionate loss in the ability to make 
high-affinity IgG, IgA antibodies. In addition, differences in 
the MLSP of different strains of mice have been related to 
specific alleles in the major histocompatibility gene complex 
[107]. The genes in this region also contribute to the regula-
tion of mixed-function oxidases (P-450 system), DNA repair, 
and free radical scavenging enzymes. Caruso et al. suggest 
that mouse and human histocompatibility genes may be 
associated with longevity via different mechanisms: in mice 
via susceptibility to lymphomas and in humans via infec-
tious disease susceptibility [108]. There is also evidence that 
cytokine gene polymorphisms may interact with histocom-
patibility genes to influence longevity [108]. Although the 
immune system obviously plays a central role in health main-
tenance and survival through the life span, similar criticism 
can be directed at the immunologic theory as at the neuroen-
docrine theory. Complex immune systems are not present in 
organisms that share aspects of aging with higher organisms. 
In addition, the inability to distinguish between fundamental 
changes occurring in many types of cells and tissues, not just 
those of the immune system, and the secondary effects medi-
ated by the aging-altered immune system make interpreta-
tion of the theory difficult. Proposed mechanistic studies of 
the immune theory include producing transgenic mice carry-
ing the histocompatibility complex from a longer-lived 
rodent species to determine effects on disease incidence and 
life span.

The discovery of caloric restriction as a means to extend 
organismal life span (at least in lower organisms and rodents) 
calls the disposable soma theory into question because it 
would predict reduced rather than increased life span in the 
face of limiting nutrient resources and consequently energy. 
Indeed, early studies of rodents fed on restricted diets 
reported a delay in the onset of puberty and lower reproduc-
tive capacity [109, 110]. A survey of the reproductive pro-
files of long-lived mice, including naturally long-lived 
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variants such as the Snell dwarf mouse as well as transgenic 
models such as FIRKO mice (see Table 2.3) also suggests 
that, as a general rule, mice with longer life span show 
reduced fecundity (reviewed by Partridge et  al. [111]). 
However, another study utilizing moderate caloric restriction 
(60% of normal dietary intake) of adult rodents discovered 
that CR conferred both increased fecundity in mice as well 
as increased survival of their pups [112], suggesting that an 
optimal balance in maintaining the reproductive axis without 
compromising the somatic axis may be achieved via nutri-
tional interventions (see below).

Stochastic Theories

Free Radical/Oxidative Stress

Denham Harman proposed one of the oldest and most endur-
ing theories of aging over 50 years ago when he postulated 
that most aging changes are due to molecular damage caused 
by free radicals [113, 114], which are incompletely reduced, 
highly reactive intermediates of oxygen. The term “free radi-
cal” is misleading because one of these intermediates is 
hydrogen peroxide, which contains no unpaired electrons 
and is therefore not a radical. The more accurate nomencla-
ture for these intermediates is reactive oxygen species or 
ROS, and for the purposes of discussion herein and in the 
context of aging theories, we use the term free radical inter-
changeably with ROS, which likely is what Harman intended 
when he named his theory of aging.

Aerobic metabolism generates the superoxide radical 
(O

2
•−), which is metabolized by superoxide dismutases to 

form hydrogen peroxide (H
2
O

2
) and oxygen [115]. Hydrogen 

peroxide can go on to form the extremely reactive hydroxyl 
radical (OH•). These oxygen-derived species can react with 
macromolecules in a self-perpetuating manner; they create 
free radicals out of subsequently attacked molecules, which in 
turn create free radicals out of other molecules thereby ampli-
fying the effect of the initial free radical attack [12]. ROS 
appear to play a role in regulating differential gene expres-
sion, cell replication, differentiation, and apoptotic cell death 
(in part by acting as second messengers in signal transduction 
pathways) [116–118]. In addition, nonradical prooxidants, for 
instance metals such as iron and copper that catalyze forma-
tion of the hydroxyl radical, as well as high concentrations of 
certain antioxidants can together generate a retrograde redox 
regenerative cycle, leading to homeostatic imbalance and oxi-
dative stress (reviewed by Valko et al. [119]).

In lower organisms, the role of antioxidants on life-span 
extension is also complex. Increasing expression of the 
mitochondrial Mn-superoxide dismutase (aka SOD2) in flies 
has yielded conflicting results, with one study reporting 

approximately 15% extension in mean and maximum life 
span without changes in oxygen consumption [120] and 
another reporting no significant effect on life span [121]. 
However, SOD2 reduction in flies reduces life span and 
mimics aging-related defects; progressive reduction in 
SOD2 activity correlates with further shortening of life span 
[122]. This dose-dependent effect of SOD2 on life span is 
consistent with overexpression of SOD2 in flies [120].

Overexpression of Cu, Zn-superoxide dismutase (aka 
SOD1), the cytosolic superoxide dismutase, has been reported 
to extend life span in flies by around 40–50% [123, 124]; 
however, the significance of these results to the oxidative 
stress theory of aging are undercut by the facts that the major-
ity of life extension was seen in the shortest-lived flies or by 
overexpressing SOD1 in tissues where there was a clear defi-
ciency of the enzyme. In ant colonies, where large differences 
exist in life span between queens and workers, SOD1 activity 
correlates mostly negatively with life span with the shorter-
lived males having higher SOD1 expression and activity com-
pared to the long-lived queens [125]. Overexpression of 
catalase alone in transgenic flies also does not extend life span 
[126]. Some transgenic flies with increased expression of both 
Cu, Zn-superoxide dismutase and catalase, which act in tan-
dem to remove  superoxide and hydrogen peroxide, respec-
tively, exhibit up to a one-third extension of average and 
maximum life span [126]. In addition, they exhibit increased 
resistance to oxidative damage and an increase in the meta-
bolic potential (total amount of oxygen consumed during 
adult life per unit body weight). However, combinatorial over-
expression of the major antioxidants, SOD1, SOD2, catalase, 
and thioredoxin reductase in relatively long-lived flies did not 
appear to enhance longevity [127]. It has also been shown that 
overexpressing glutathione reductase extends the life span of 
transgenic flies kept under hyperoxic or oxidant-treated con-
ditions, but not under ambient conditions [128].

In C. elegans, a model system in which a number of long-
lived mutants have been identified, the role of oxidants and 
antioxidants is similarly complicated. Although nutrient-
sensing pathways appear to be a dominant mechanism of 
life-span determination in C. elegans, a causal role for oxida-
tive stress in their aging still has neither been validated nor 
disproved. In long-lived worms that overexpress daf-2, ROS 
production was higher than in wild-type worms throughout 
the life span, but protein carbonylation was reduced [129]. 
The observed reduction in damage in the face of elevated 
ROS levels has been ascribed to compensatory protective 
effects due to enhanced enzymatic antioxidant activity from 
SOD proteins and glutathione-s-transferases [129–131]. 
However, treatment of wild-type C. elegans strains with SOD 
and catalase mimetics failed to extend life span despite 
increasing antioxidant activity [132]. Yet, the role of oxygen 
tension nevertheless appears to have an effect on life span 
and oxidative damage because worms kept at 1% oxygen 
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have lower carbonyl levels and show approximately 24% 
increase in life span relative to counterparts kept at ambient 
oxygen [133].

Production of ROS in the heart, kidney, and liver of a 
group of mammals was found to be inversely proportional to 
the maximum life span, although the activities of individual 
antioxidant enzymes were not consistently related to maxi-
mum life span [134]. However, catalase overexpression tar-
geted to the mitochondria does increase life span and improve 
functional health of the mice as they age [135]. Transgenic 
mice that overexpress thioredoxin, another antioxidant pro-
tein, also exhibit about a 30% improvement in mean life span 
[136]. A series of studies has demonstrated that oxidative 
stress resistance of dermal fibroblasts correlates with the lon-
gevity of the species [137–139].

The studies discussed above illustrate the complexity 
behind the free radical theory of aging. Antioxidants, in gen-
eral, only appear to have a significant effect on life-span 
extension if their levels/function are limiting or under condi-
tions of stress. Thus, overexpression of enzymes that are 
already present at robust levels are not likely to have an effect 
on life span simply because increasing expression does not 
enhance catalytic efficiency of these enzymes, which are 
already operating at near optimal rates. Furthermore, given 
the importance of antioxidant enzymes to survival of aerobi-
cally respiring organisms, there is a certain amount of redun-
dancy between different antioxidants, and different tissues 
require their individual actions to different extents. This het-
erogeneity and overlap of function may also be obscuring the 
effects of altering antioxidant levels in animal models of life-
span extension. Thus, rather than overexpressing antioxi-
dants alone, a more viable strategy of life-span extension 
perhaps needs to center on reducing production of ROS by 
modulating mitochondrial function or the prooxidant factors, 
which contribute to the deleterious effects of oxygen 
radicals.

Mitochondrial Dysfunction Theory of Aging

The mitochondrial DNA/oxidative stress hypothesis repre-
sents a synthesis of several theories and therefore comprises 
elements of both stochastic and developmental-genetic 
mechanisms of aging (see below). It is proposed that ROS 
contribute significantly to the somatic accumulation of 
mitochondrial DNA mutations, leading to the gradual loss 
of bioenergetic capacity and eventually resulting in aging 
and cell death [140–142]. Ozawa has dubbed this the “redox 
mechanism of mitochondrial aging” [143]. Mitochondrial 
DNA (mtDNA) undergoes a progressive age-related increase 
in oxygen free radical damage in skeletal muscle [144–146], 
the diaphragm [147, 148], cardiac muscle [149–152], and 
the brain [153, 154]. This exponential increase in damage 

correlates with the increase in both point and deletional 
somatic mtDNA mutations seen with age. Interestingly, 
extrapolation of the curve to the point where 100% of car-
diac mtDNA exhibits deletion mutations gives an age of 
129 [143].

Mitochondrial DNA is maternally transmitted, continues 
to replicate throughout the life span of an organism in both 
proliferating and postmitotic (nonproliferating) cells and is 
subject to a much higher mutation rate than nuclear DNA. 
This is due, in large part, to inefficient repair mechanisms 
and its proximity to the mitochondrial membrane where 
reactive oxygen species are generated. Defects in mitochon-
drial respiration with age are found not only in normal tis-
sues [155] but also in diseases that are increasingly manifested 
with age such as Parkinson’s disease [156, 157], Alzheimer’s 
disease [158, 159], Huntington’s Chorea [160], and other 
movement disorders [161]. Diseases for which mtDNA 
mutations have been found include Alzheimer’s [162, 163], 
Parkinson’s [153, 163–166], and a large number of skeletal 
and cardiac myopathies [147, 167–171]. Apoptosis has also 
been associated with mtDNA fragmentation [172]. As noted 
above, mitochondrial haplotype J is associated with human 
longevity. However, the role of inherited and somatic muta-
tions in mitochondrial DNA during human aging is clearly 
complex, and additional studies are required to gain further 
insight (reviewed by Salvioli et al. [68].)

The idea of mitochondrial involvement in aging postu-
lates that accumulation of mtDNA damage leads to defective 
mitochondrial respiration, which in turn enhances oxygen 
free radical formation, leading to additional mtDNA dam-
age. However, the reality appears not to be quite so simple. 
A mouse model has been developed to address the issue 
whether phenotypic aging of tissues depends on mitochon-
drial DNA mutations. These mice express an error-prone 
version of the major mitochondrial DNA polymerase, pol-
gamma, generated by mutating the proofreading domain of 
the enzyme. The mutant mice show fairly uniform accumula-
tion of both deletions and point mutations in the mitochon-
drial genomes of different tissues and an accelerated aging 
phenotype [173]. The observations from the mutant pol-
gamma mouse model mirror previous findings regarding the 
role of mitochondrial mutations in aging. On the surface, 
these observations fit well with the free radical/oxidative 
stress theory of aging, since mutations in mitochondrial 
genes coding for respiratory chain enzymes could in princi-
ple result in leakier electron transfer, thus leading to increased 
accumulation of ROS. However, this does not appear to be 
the case in mouse embryonic fibroblasts derived from the 
mutant mice that, despite impaired respiration, show neither 
augmentation of ROS production nor sensitivity to oxidative 
stress-mediated cell death [174]. Lack of change in protein 
carbonylation levels is presented to support the idea that 
these mice suffer no elevation in oxidative stress, although 
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these lesions may not be appropriate as the sole marker of 
cellular oxidative damage as they are detected only if they 
are present in a degradation-resistant state [175]. Furthermore, 
since mitochondrial deletions in the pol-gamma mutant mice 
lead to linearized mitochondrial genomes, another possibil-
ity is that the premature aging phenotype observed in these 
mice is the result of a DNA damage response (DDR) (see 
below) rather than accruing directly due to mitochondrial 
dysfunction. Nevertheless, the pol-gamma mice provide an 
elegant and useful system in which to further explore the role 
of mitochondrial mutations and ROS in engendering the 
aging phenotype.

In humans, specific mutations, while increasing with age, 
seldom account for more than several percent of the total 
mtDNA. However, some studies suggest that the total per-
centage of mtDNA affected by mutations is much greater, as 
much as 85%, and increases with age [143]. In addition, 
caloric restriction in mice retards the age-associated accu-
mulation of mtDNA mutations [176]. Agents that bypass 
blocks in the respiratory chain such as coenzyme Q10, 
tocopherol, nicotinamide, and ascorbic acid would be pre-
dicted to ameliorate some of the effects of mitochondrial dis-
ease and aging. Withdrawal of coenzyme Q from the diet of 
nematodes extends the life span by approximately 60% 
[177]. Caloric restriction, which can extend life span, reduces 
oxidative damage in primates [178]. There are epidemiologic 
studies that appear to implicate dietary antioxidants in the 
reduction of vascular dementia, cardiovascular disease, and 
cancer in humans [179]. However, results to date, in treat-
ment of patients with myopathies, have been variably or only 
anecdotally successful [143]. This suggests that a complex 
interaction exists between prooxidant and antioxidant forces 
in the cell and that regulation of the balance between the two 
may be the critical determinant in mitochondrial, and subse-
quently, cellular and tissue integrity during aging.

An increasing number of studies have implicated mito-
chondrial biogenesis and efficiency as playing significant 
roles to enhance cellular fitness and organismal longevity 
[180]. Maintenance of energy production and prevention 
and/or amelioration of oxidative stress by mitochondria are 
key to healthy aging. As previously discussed, caloric restric-
tion is the most reliable intervention to extend life span in a 
number of species, including mammals such as rodents, 
dogs, and rhesus monkeys [13]. Multiple signals modulate 
PGC1a activity and subsequent mitochondrial production 
and efficiency, such as AMP kinase, sirtuins, and nitric oxide, 
all of which can be increased by caloric restriction [180]. 
Furthermore, caloric restriction increases mitochondrial bio-
genesis in healthy humans [181]. However, perhaps the best 
intervention to enhance mitochondrial production and func-
tion is exercise, which can at least partly normalize age-re-
lated mitochondrial dysfunction [182] and can significantly 
reverse age-related transcriptional alterations [183].

DNA Damage Theory of Aging: Somatic Mutation, DNA 
Repair, Error Catastrophe

Stochastic theories propose that aging is caused by random 
damage to vital molecules. The damage eventually accumu-
lates to a level that results in the physiological decline associ-
ated with aging. The most prominent example is the somatic 
mutation theory of aging, which states that genetic damage 
from background radiation produces mutations that lead to 
functional failure and, ultimately, death [184, 185]. Exposure 
to ionizing radiation does shorten life span [186, 187]. However, 
analysis of survival curves of radiation-treated rodent popula-
tions reveals an increase in the initial mortality rate without an 
effect on the subsequent rate of aging [188]. The life-span 
shortening is probably due to increased cancer and glomerulo-
sclerosis rather than accelerated aging per se [189].

The DNA repair theory is a more specific example of the 
somatic mutation theory. Impairment of genomic mainte-
nance has been strongly implicated as a major causal factor 
in the aging process [190]. Defects in DNA repair mecha-
nisms form the basis of a majority of human progeroid syn-
dromes (see below). The ability to repair ultraviolet 
radiation-induced DNA damage in cell cultures derived from 
species with a variety of different life spans is directly cor-
related with the MLSP [191]. Unfortunately, there is not 
enough experimental support to conclude that these differ-
ences between species are a causative factor in aging. 
Although the prevailing belief has been that overall DNA 
repair capacity does not appear to change with age, several 
studies now indicate that repair of oxidative DNA damage 
lesions via base excision repair (BER) becomes more ineffi-
cient in aged mice [192, 193]. Caloric restriction can restore 
the age-related decline in BER [194]. Repair of DNA dou-
ble-strand breaks (DSBs) is also compromised in replica-
tively senescent human fibroblasts [195] and in fibroblasts 
and lymphocytes taken from older humans [196].

Additionally, the site-specific repair of select regions of 
DNA appears to be important in several types of terminally 
differentiated cells [197]. Biochemically, oxidative DNA dam-
age has been shown to affect specific DNA sequences more 
than others, with the most affected sequences corresponding 
to conserved motifs in transcriptional elements involved in the 
regulation of stress-response genes [198]. Studies in cultured 
human neurons show that promoters of genes involved in 
memory, stress protection, and neuronal survival sustain selec-
tive oxidative stress-mediated DNA damage and exhibit 
reduced BER [199]. Transcriptional profiling of the human 
frontal brain cortex reveals that the genes under the control of 
these promoter elements also show the most reduced function 
after the age of 40. Thus, DNA damage to specific areas of the 
neuronal genome appears to contribute to age-related cogni-
tive decline. Future studies will need to focus upon repair rates 
of specific genes rather than indirect general measurements.
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The error-catastrophe theory also centers on the role of 
DNA integrity in the aging process and proposes that random 
errors in synthesis eventually occur in proteins that synthe-
size DNA or other “template” molecules [200]. Generally, 
errors occurring in proteins are lost by natural turnover and 
simply replaced with error-free molecules. Error-containing 
molecules involved in the protein-synthesizing machinery, 
however, would introduce errors into the molecules that they 
produce. This could result in an amplification such that the 
subsequent rapid accumulation of error-containing molecules 
results in an “error catastrophe” that would be incompatible 
with normal function and life. Although there are numerous 
reports of altered proteins in aging, no direct evidence of 
age-dependent protein mis-synthesis has yet been reported. 
The altered proteins that do occur in aging cells and tissues 
are, instead, due to posttranslational modifications such as 
oxidation and glycation [201, 202]. The increases in altered 
proteins appear to be due to decreased clearance in older 
cells [203].

Models of Aging

Accelerated Aging Syndromes in Humans

Although no disease exists that is an exact phenocopy of nor-
mal aging, several human genetic diseases, including 
Hutchinson–Guilford syndrome (the “classic” early-onset 
progeria seen in children), Werner’s syndrome (“adult” pro-
geria), Cockayne’s Syndrome or NFE Syndrome (another 
childhood-onset progeroid disease), and Down’s syndrome 
exhibit features of accelerated aging.

Hutchinson–Guilford progeroid syndrome (HGPS) is an 
extremely rare autosomal recessive disease in which aging 
characteristics begin to develop within several years of 
birth [204]. These include wrinkled skin, stooped posture, 
early hair loss, and growth retardation. HGPS patients suf-
fer from advanced atherosclerosis, and myocardial infarc-
tion is the usual cause of death by the age of 30. However, 
unlike Werner’s Syndrome patients (see below), these 
patients do not typically suffer from cataracts, glucose 
intolerance, and skin ulcers. HGPS is a laminopathy result-
ing from a single-nucleotide substitution (1824 C > T) in 
the lamin A gene, which encodes two components of the 
nuclear envelope, lamins A and C (reviewed by Meshorer 
and Gruenbaum [205]). The mutation leads to activation of 
a cryptic splice site and production of a truncated version 
of the precursor protein, prelamin A, denoted progerin or 
LA∆50 [206, 207], which then leads to formation of abnor-
mal nuclear lamina and delayed nuclear reassembly, as 
well as DNA damage and chromosomal abnormalities 
[208–212].

Werner’s syndrome (WS) is an autosomally recessive 
inherited disease [204]. Patients prematurely develop arte-
riosclerosis, glucose intolerance, osteoporosis, early graying, 
loss of hair, skin atrophy, and hypogonadism (reviewed by 
Muftuoglu [213]). However, patients do not typically suffer 
from Alzheimer’s disease or hypertension. WS patients have 
an increased predisposition to cancer with a higher than usual 
incidence of sarcomatous (mesenchymal) tumors and develop 
cataracts in the posterior surface of the lens, not in the nucleus 
as is usually seen in older people. In addition, they develop 
laryngeal atrophy and ulcerations on the arm and legs. Most 
patients die before the age of 50, usually of myocardial 
infarction or cancer [214, 215]. The gene responsible for WS 
has been localized to chromosome 8 [216] and appears to be 
a helicase [217], an enzyme involved in unwinding DNA. 
DNA helicases play a critical role in DNA replication and 
repair. Cells from WS patients display chromosomal insta-
bility, shortened telomeres, elevated rates of gene mutation, 
and nonhomologous recombination (reviewed by Brosh and 
Bohr [218]). Furthermore, WS is characterized by hypersen-
sitivity to the chemical carcinogen, 4-NQO [219, 220], cross-
linking agents [221], and the topoisomerase inhibitor, 
camptothecin [222, 223], suggesting impairment of DNA 
repair mechanisms.

Cockayne’s syndrome (CS) is a congenital autosomal 
recessive disorder characterized by stunted growth, extreme 
sensitivity to sunlight, retinopathy, deafness, nervous system 
abnormalities, and premature aging (reviewed by Stevnsner 
et  al. [224]). This is a progressive disease that becomes 
apparent after 1 year of age and leads to mortality by 12 
years of age. There are rare variants, one of which manifests 
at birth and another which presents milder symptoms and 
appears in late childhood. CS results from mutations in the 
transcription-coupled repair (TCR) and global genomic (GG) 
repair proteins, ERCC6 and ERCC8, also known as 
Cockayne’s Syndrome B (CSB) and Cockayne’s Syndrome 
A (CSA), respectively. The CSA protein is a 396-amino acid 
protein with no known enzymatic activity [225] and is part of 
a multicomponent ubiquitin ligase complex that also includes 
the DNA damage binding protein DDB1 [226]. Not much is 
known about its specific role in producing the CS phenotype. 
CSB consists of 1,493 amino acids and is a member of the 
SWI2/SNF2 family of DNA-dependent ATPases [227]. 
Although there is no phenotypic difference in disease whether 
it arises from mutations in CSA or mutations in CSB, approx-
imately 80% of CS cases have mutated CSB. Neither the site 
nor the specific nature of CSB mutations appears to correlate 
with severity of the disease, and in one patient, complete loss 
of the CSB gene product led to photosensitivity, but not CS 
[228], suggesting that there may be an environmental or epi-
genetic component to the disease. Surprisingly, unlike 
Werner’s syndrome and other DNA repair defect diseases, 
Cockayne’s syndrome patients do not have a significantly 
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higher incidence of cancer unless they also suffer xeroderma 
pigmentosum (XP), which is linked to a strong predisposi-
tion to skin cancer.

People with Down’s syndrome have trisomy or a translo-
cation involving chromosome 21 [204, 229]. They suffer 
from the early onset of vascular disease, glucose intolerance, 
hair loss, degenerative bone and joint disease, and increased 
cancer. The life span is apparently 50–70 years (not as short 
as previously believed, since earlier mortality may have rep-
resented neglect of these individuals). Dementia occurs ear-
lier and more often in patients with Down’s syndrome than in 
the general population. Patients develop neuropathological 
changes similar to the changes seen in dementia of 
Alzheimer's type, including amyloid deposition and neurofi-
brillary tangles. This may be related to the presence of the 
b-amyloid gene on chromosome 21.

Although not strictly classified as progeroid syndromes, 
two diseases that bear mention are Fanconi anemia (FA) and 
dyskeratosis congenita (DC). Fanconi anemia is a rare auto-
somal recessive blood disorder, associated with multiple clini-
cal symptoms [230]. Classified as a developmental rather than 
progeroid disorder, FA is nevertheless characterized by several 
aspects of premature aging syndromes, including childhood-
onset bone marrow failure, susceptibility to squamous cell car-
cinomas, and congenital deformities. Furthermore, FA patients 
exhibit growth hormone and thyroid hormone deficiencies, 
glucose intolerance, and premature infertility. There are 13 
FANC genes in which biallelic mutations lead to FA (reviewed 
by Neveling et al. [231]). Their protein products can aggregate 
into different core protein complexes in the nucleus; one of the 
complexes acts as a ubiquitin ligase to modify another FANC 
complex, thereby facilitating its recruitment to chromatin foci 
in conjunction with the BRCA1, BRCA 2, and Rad51 DNA 
repair proteins. Not surprisingly, FA cells exhibit chromo-
somal instability and are highly susceptible to several forms of 
DNA damage, particularly interstrand cross-links (ICL), there-
fore displaying acute sensitivity to cisplatin, mitomycin, and 
nitrogen mustard.

More significantly, cells derived from FA patients are 
uniquely sensitive to ambient air and show a definitive effect 
of oxygen concentration on formation of chromosomal aber-
rations [232]. Repeated hypoxia–reoxygenation cycles have 
been shown to induce premature senescence of bone marrow 
cells in a murine model of FA [233]. Together, these observa-
tions suggest that the dramatic bone marrow dysfunction and 
chromosomal aberrations observed in FA likely stem from 
ROS-mediated DNA damage to hematopoietic cells. 
Additionally, there is evidence that multimerization of FANC 
proteins and formation of nuclear complex 1 may be redox-
dependent [234], suggesting that the observed sensitivity 
to  DNA damage may be compounded by an inability of 
mutated FANC proteins to facilitate recognition and repair of 
DNA damage. Thus, with its progeroid features and the 

mechanistic convergence of oxidative stress and DNA 
damage in its etiology, FA appears to be the only human 
model for the stochastic theories of aging.

Dyskeratosis congenita is a rare syndrome associated with 
severe bone marrow failure around the age of 30 years [235]. 
In addition, DC patients suffer from aging-associated pathol-
ogies such as increased risk of cardiopulmonary failure and 
malignancy, early graying of hair, changes in skin pigmenta-
tion, brittle nails, and immune system failure which mani-
fests itself as mucosal leukoplakia. DC is also characterized 
by chromosomal instability and telomere shortening at the 
cellular level [236]. The X-linked version of DC results from 
mutations in the dyskerin gene DKC1 that appear to impair 
its association with TERC, the RNA component of telomerase, 
whereas the autosomal form arises from mutations in the 
TERC gene itself [237]. Additionally, DC patients exhibit a 
uniform reduction in TERC itself. Thus, DC is unique in 
being the only human syndrome with progeroid features 
associated with telomere dysfunction, long considered a 
major causative biomarker of aging (see below).

Consistent with the classic theories of aging, the human 
progeroid syndromes discussed above suggest that the criti-
cal determinants of aging are likely to be oxidative stress 
levels, accumulation of DNA damage/chromosomal insta
bility, and nonfunctional or reduced DNA repair mecha-
nisms. These three features have formed the basis of a 
number of animal and cellular models of aging, which are 
discussed below and which recapitulate the phenomenon of 
aging to varying degrees.

Mouse Models of Aging

The major murine models of aging are summarized in 
Table 2.4. These encompass defects in a fairly comprehen-
sive cross-section of biological processes implicated in aging 
including DNA damage/repair, metabolic, and developmen-
tal processes. Some of these models display the gamut of 
aging-related morphology and pathologies besides the oblig-
atory reduction in mean and/or maximal life span. For 
instance, the klotho mouse suffers from a defect in a single 
gene that codes for a membrane protein and exhibits a pleth-
ora of marked age-related phenotypes that are also seen in 
humans. These include reduced life span, decreased activity, 
premature thymic involution, skin atrophy, arteriosclerosis, 
osteoporosis, emphysema, and lipodystrophy. There are a 
number of strains of senescence-accelerated mice (SAM) 
that exhibit a variable aging phenotype consistent with mul-
tigenic effects. Despite the fact that none of the mouse mod-
els displays all of the phenotypes associated with human 
aging, they are likely to be valuable tools in permitting delin-
eation of some of the molecular mechanisms of aging. 
Significantly, some of the mouse models display a more 
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striking aging phenotype in conjunction with defects in other 
systems, for instance the mice jointly deficient in TERC and 
ATM or TERC and WRN [238, 239] experience accelerated 
premature aging relative to mice deficient in TERC alone.

Given the importance of the free radical/oxidative stress 
theory of aging (see above), a definitive mouse model for 
oxidative stress in aging is lacking, although several of the 
systems listed in Table  2.4 include elements of oxidative 
stress such as elevated oxidative DNA lesions, defects asso-
ciated with ROS signaling (such as insulin resistance), and 
inflammation-related disorders. SOD1−/− mice show slightly 
reduced life span (~21 months relative to 28 months in the 
wild-type mice), elevated levels of 8-oxoguanine, a major  
oxidized DNA lesion, increased incidence of liver carcino-
genesis [240], and increased retinal dysfunction [241]. 
SOD2−/− mice do not show a life span defect but do have 
increased age-related incidences of lymphomas and cardiac 
defects [242]. Mice deficient in catalase [243] and glutathi-
one peroxidase [244] also appear to have a normal life span, 
with the former exhibiting tissue-specific sensitivity to 
hyperoxic insults and the latter showing some mild redox 
imbalance in platelets. The same is true for the mice in which 
SOD2 and glutathione peroxidase is jointly abrogated [245]. 
However, these results do not disprove the oxidative stress 
theory of aging but rather provide a caveat that laboratory 
mouse models, being protected from disease and fluctuations 
in living conditions and nutrition, perhaps do not accurately 
reflect the requirement for protection against oxidative stress 
that may alter life span. It is telling that despite a lack of 
longevity enhancement, many of the above model systems 
show a clear effect of altered redox status on stress resistance 
of the organism, which ultimately is a key benchmark in 
defining functional characteristics of the aging process. 
Given the importance of DNA damage and the pleiotropic 
effects of ROS in signaling pathways, perhaps a clearer pic-
ture of the role of oxidative stress will emerge by generating 
and studying mouse models deficient in antioxidant defenses 
as well as DNA repair/signaling mechanisms.

Cellular Senescence as a Model for Aging

The complexity of studying aging in organisms has led to the 
use of well-defined cell culture systems as models for cellu-
lar aging or senescence. Hayflick and Moorhead [246] pio-
neered the model of replicative senescence and identified 
normal human diploid fibroblasts in culture as  an experi-
mental system for aging by observing an initial period of 
rapid and vigorous proliferation, invariably followed by a 
decline in growth rate and proliferative activity, finally lead-
ing to cessation of proliferation. This model proposed that 
aging is a cellular as well as an organismal phenomenon and 
that the loss of functional capacity of the individual reflected 

the summation of the loss of critical functional capacities of 
individual cells. It  is important to note that populations of 
senescent cells do not necessarily die and that, in fact, a num-
ber of senescent cell types (although not all) are thought to 
be resistant to apoptosis mediated by caspase 3 and inhibited 
by bcl-2 [247–249]. In culture, they can be maintained for 
years in a postmitotic (nonproliferating) state with regular 
changes of culture medium [250–252].

Although a majority of studies on cellular senescence 
have been conducted on skin and fetal lung fibroblasts, lim-
ited in vitro life span has been reported for glial cells [253], 
keratinocytes [254], vascular smooth muscle cells [255], lens 
cells [256], endothelial cells [257], lymphocytes [258], and 
human breast epithelial cells (HMECs) [259, 260]. In vivo, 
serial transplants of normal somatic tissues, such as skin and 
breast, from old donor mice to young genetically identical 
recipients show a decline in proliferative activity and even-
tual failure of the graft [261]. Similarly, skin from old donors 
retained an increased susceptibility to carcinogens whether 
transplanted to young or old recipients [262].

Do changes in cells in culture parallel changes in cells 
from aging organisms? The replicative life span of fibro-
blasts in culture is inversely related to the maximum life span 
of several diverse vertebrate species [263]. Studies suggest 
that the replicative life span of cells in culture is inversely 
related to the age of the donor in both humans and rodents 
[264–266]. This in vivo–in vitro relationship also holds for 
several different cell types, including skin fibroblasts [267], 
hepatocytes [268], keratinocytes [269], arterial smooth mus-
cle cells [255], and T lymphocytes [270]. However, in these 
cross-sectional studies, there is a great deal of variability, and 
the correlation coefficient, though statistically significant, is 
low. Cells cultured from healthy individuals do not appear to 
exhibit a consistent age-related proliferative capacity [271]. 
Cells from people with Werner’s syndrome do senesce more 
rapidly in culture than age-matched controls; however, a 
consistently similar relationship does not hold for cells from 
people with Hutchinson–Guilford syndrome [204]. Thus, 
under some circumstances, the proliferative characteristics 
of cells during aging in vivo are maintained in culture. There 
are several studies that point to an accumulation of senescent 
cells in  vivo with advancing age of both humans and pri-
mates [35, 270, 272, 273].

The number of population doublings achieved before 
reaching a replicative limit is intrinsic to different cell types 
[246]. Even more significantly, cells rederived from animals 
that are the result of reproductive cloning via nuclear transfer 
show the same replicative proliferative capacity and rate of 
telomere shortening as the donor cells [274], suggesting an 
inherent mechanism of cellular life-span determination that 
is conserved even during the genetic reprogramming that 
occurs after nuclear transfer. The number of times the cells 
divide is more important in determining proliferative life 
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span than the actual time the cells spend in culture [275]. 
Cells continuously passaged in culture until the end of their 
proliferative life span achieve approximately the same num-
ber of population doublings (PDLs) as cells that are held in a 
stationary phase for an extended period (months) and then 
recultured until senescence. Therefore, under a given set of 
culture conditions, cells seem to possess an intrinsic mecha-
nism that “counts” the number of divisions and not the time 
that passes.

However, suboptimal culture conditions or environmental 
stresses can adversely affect cellular replicative life span, 
leading to accelerated loss of proliferative capacity that is 
referred to as premature senescence or stress-induced prema-
ture senescence (SIPS) [276–278]. A number of acute exoge-
nous stresses can lead to premature senescence, including, but 
not limited to oxygen radical producers, radiation, chemother-
apeutic drugs, and high oxygen tension culture. Additionally, 
creation of endogenous DNA damage due to failure of repair 
mechanisms and elevated ROS stemming from mitochondrial 
dysfunction or oncogene activation can also lead to rapid 
induction of a permanent proliferative arrest.

In morphological and biochemical respects, SIPS is 
almost identical to replicative senescence, leading to the idea 
that all exhaustion of replicative capacity may be a form of 
stress-induced proliferative arrest. In accordance with this 
idea, one pervasive common denominator between replica-
tive and SIPS appears to be induction of a DDR ([279] and 
reviewed in [280]). In fact, a persistent DDR and elevated 
intracellular ROS production appear to play a critical role not 
only in the induction of the senescent phenotype but also in 
its maintenance [279, 281].

Products of the retinoblastoma (Rb) and p53 tumor 
suppressor genes have been identified as the major molecular 
pathways implicated in cellular senescence [282, 283]. 
The Rb gene product is not phosphorylated in senescent cells 
[284]. Simian virus 40 large T antigen, which is bound by the 
p53 and Rb gene products, can facilitate escape from senes-
cence [285]. T-antigen deletion mutants that lack either Rb- 
or p53-binding domains are unable to mediate escape from 
senescence [286]. Furthermore, treatment with antisense oli-
gonucleotides to the Rb and p53 tumor suppressor genes can 
extend the in vitro life span of human fibroblasts [287]. The 
p21 CIP1/WAF1 [288–290] and p16 INK4a [291–293] inhib-
itors of cyclin kinases (and therefore cell cycle progression) 
are overexpressed in senescent cells. The p21 protein appears 
to act by forming complexes with members of the family of 
E2F transcription factors in senescent cells (Rb/CDK2/cyclin 
E or with the Rb-related p107/CDK2/cyclin D), downregulat-
ing transcriptional activity, and thereby inhibiting progres-
sion through the cell cycle [288]. Targeted disruption of the 
p21 gene delays the onset of senescence in fibroblasts derived 
from human lung [294]. However, adrenocortical cells 
express high levels of p21 throughout their in vitro life span, 

up to and including senescence [295]. Skin fibroblasts from 
patients with Li–Fraumeni syndrome are heterozygous for 
p53. These cells in culture lose the remaining p53 allele and 
are subsequently unable to express p21 but still undergo 
in  vitro aging [296], suggesting that p53 and p21 are not 
required for senescence. In senescent cells, p16 complexes to 
and inhibits both the CDK4 and CDK6 cell cycle kinases 
[291]. Induction of expression of p16 by demethylation-
dependent pathways or of p21 by demethylation-independent 
pathways can induce senescence in immortal fibroblasts that 
do not express p53 [297]. Of genes whose expression is 
required for G1/S cell cycle progression, senescent fibro-
blasts express no cdk2 and cyclin A and reduced amounts of 
the G1 cyclins, C, D1, and E, compared to young cells [298]. 
The expression of early G1 markers, but not late G1 markers, 
indicates that senescent cells may be blocked at a point in late 
G1 [299].

The p53/p21 and the p16/Rb pathways are not induced to 
equivalent extents during cell senescence and do not contrib-
ute equally to the senescent phenotype; the dominating path-
way depends both on cell type and the nature of 
senescence-inducing stress. In general, the p53 pathway is 
activated in response to genotoxic stress, DNA damage, and 
telomere dysfunction, whereas the p16 arm of tumor sup-
pression is engaged under conditions of oncogenic and other 
stresses. Skin fibroblasts typically enter senescence via the 
p53 pathway and have low levels of p16 even as they approach 
cellular senescence; in these cells, inhibition of the p53 path-
way is sufficient to reverse the senescent phenotype [300]. 
Lung fibroblasts, on the other hand, tend to show elevated 
levels of both tumor suppressor proteins in a senescing popu-
lation as a whole, although individual cells may show one 
pathway is more dominant than the other (reviewed by 
Itahana et al. [301]). Even so, a mosaicism has been reported 
in senescent cultures whereby both p53- and p16-mediated 
senescence programs are activated either in parallel or even 
jointly in individual cells [302].

The ras oncogene product can induce senescence that is 
accompanied by accumulation of p53 and p16 [303]. This 
occurs only in nonimmortalized cells and may reflect a 
tumor-suppressive response of the cell to a transforming 
stimulus, as discussed below. However, it has been reported 
that the  RAS oncoprotein can only induce senescence in cells 
that have already upregulated levels of p16 [304]. Induction 
of a DDR and senescence by increasing oxidized nucleotides 
and accompanying genomic DNA damage in human skin 
fibroblasts also leads to upregulated levels of both p53 and 
p16, but the senescence response can be rescued by abroga-
tion of the p53 (but not the p16) pathway [305]. In human 
mammary epithelial cells, there appear to be two different 
barriers to proliferation. After the initial four to five popula-
tion doublings, these cells enter an early senescent-like arrest 
termed M0 that is mediated by p16, but a number of cells in 
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a population are able to escape this proliferative barrier and 
continue to divide before reaching a p53-mediated senes-
cence termed M1 [306]. In keratinocytes, abrogation of both 
p16 and p53 is needed to extend life span, but these cells still 
undergo senescence unless immortalized by introduction of 
hTERT. However, expression of hTERT alone does not 
immortalize these cells if one of the senescent pathways is 
still functional [307]. Together, these observations empha-
size the presence of complex and incompletely understood 
overlapping networks regulating cell cycle progression and 
proliferation. Depending upon the balance of positive and 
negative influences, cell proliferation can continue or senes-
cence may ensue.

Although many biochemical, metabolic, and phenotypic 
differences have been reported between senescent cells and 
their early passage counterparts, several characteristics 
appear to be shared across a majority of cells that have 
entered senescence and can therefore be accurately referred 
to as markers of senescence. These include a lack of prolif-
eration and response to proliferative stimuli, absence of DNA 
replication, a marked morphological change involving a flat-
tened appearance, accumulation of stress fibers and vacuoles 
as well as nuclear abnormalities, upregulation of p53 and/or 
p16 proteins, and beta-galactosidase activity detected at an 
acidic pH [308]. Senescent cells also exhibit autofluorescent 
globules of oxidized cellular proteins denoted as lipofuscin 
[309]. Additionally, heterochromatic nuclear DNA foci 
called SAHFs (senescence associated heterochromatic foci) 
have been observed in cell types in which Rb/p16 signaling 
is the dominant molecular mechanism of senescence [310]. 
These foci consist of a transcription-silencing variant mac-
roH2A and various heterochromatic proteins and are believed 
to be formed by the action of chromatin regulator proteins, 
HIRA and ASF1a. They can be readily detected by their 
punctate appearance during DAPI staining of cell nuclei. 
Formation of DNA double-strand break (DSB) foci via acti-
vation of the ATM/ATR pathway has also been reported as a 
senescence marker, both in senescent cells as well as aging 
mice and primates [36, 37, 279, 302].

The senescence-associated (SA) beta-galactosidase activ-
ity, which is detected at pH 6.0, is commonly used in studies 
that assess induction of senescence both in cells and tissues 
[272]. Despite its common usage, conflicting data exists 
regarding the status of SA beta-gal activity as a specific 
marker for senescence. For instance, in situ expression of 
beta-galactosidase exists in confluent quiescent presenescent 
cells [311] and in cells undergoing crisis [312] or terminal 
differentiation [313]. The origin of SA beta-galactosidase 
activity appears to result from increases in lysosomal mass 
during the cellular aging process [314] or under cellular 
stresses that can induce senescence [311, 315]. Fibroblasts 
from patients with the lysosomal disorder GM1-gangliosidosis 
(in which lysosomal beta-galactosidase is defective) do not 

show SA beta-galactosidase activity [316]. Furthermore, 
beta-galactosidase activity at low pH is also observed in 
nonsenescent cells with high lysosomal content such as vas-
cular smooth muscle cells and endothelial cells [314, 317]. 
Thus, it would appear that SA beta-galactosidase activity is 
not a direct measure of senescence but a reflection of the 
lysosomal alterations that commonly occur as a consequence 
of senescence. Nevertheless, in general, for most cell types, 
beta-galactosidase activity is still a reliable if nonspecific 
marker, although it is advisable to look for beta-galactosidase 
positivity in conjunction with the other markers of 
senescence.

The three markers most commonly used to assess senes-
cence in  vivo are lack of proliferation (measured by Ki67 
staining), SA beta-galactosidase activity, and levels of p16 
protein. In particular, p16 protein is likely to be a good 
marker for in vivo aging as well because it has been reported 
to be strongly upregulated (sevenfold to eightfold) in aging 
human skin and in islet cells from aged humans [273, 318] 
and in a number of tissues from aged rats and mice [319]. 
Additionally, a DNA microarray screen of oncogene-induced 
senescence in vitro identified three de novo markers of senes-
cence which were validated in  vivo, namely, p15INK4b, 
Dec1, and DcR2 [320].

Telomere length is another commonly used marker of 
senescence. The phenomenon of telomere shortening with 
aging represents a potential “clock” or counting mechanism 
for cellular lifespan [321]. Telomeres are structures at the 
end of chromosomes that prevent degradation and fusion 
with other chromosome ends [322]. The average length of 
the terminal restriction fragment of chromosomes decreases 
with both in vitro and in vivo aging of fibroblasts and periph-
eral blood lymphocytes [321, 323–327]. Indeed, telomere 
length in lymphocytes progressively declines as a function of 
donor age from newborn to great-grandparents in their eight-
ies [328]. Immortalized and transformed cells and germline 
cells express telomerase, which prevents shortening of the 
telomeres [329, 330]. However, some immortal cells exist 
without detectable telomerase [331], whereas stem cells and 
some normal somatic cells express telomerase, yet continue 
to experience telomeric shortening [332–334]. Telomere 
length has been correlated with better health in centenarians 
[335]. Interestingly, telomere length also appears to be 
related to physical activity [336]; however, no correlation 
was found between telomere length and frailty in an elderly 
cohort [337].

Shortened telomeres are associated with the progeroid 
pathology of dyskeratosis congenita and Werner’s syndrome 
(see earlier discussion; reviewed by Hofer et al. [338]) and 
also appear to lead to a form of premature aging in in vivo 
mouse models [339]. Mice lacking the RNA component of 
hTERT, TERC, do not show significant aging defects until 
the sixth generation [339]. Transgenic mice that overexpress 
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TERT exhibit increased tissue regeneration and a modest 
increase in maximal life span; however, these benefits are 
offset by the increased incidences of tumorigenesis suffered 
by these mice. Experimental nonenzymatic elongation of 
telomeres extends the life span of cells [340]. Furthermore, 
reactivation of telomerase, via the introduction of the telom-
erase reverse transcriptase unit into normal human cells, 
increased telomere length and extends the life span of a num-
ber of different cell types without inducing morphological or 
pretransformative abnormalities [341].

Furthermore, despite a clear ability to inhibit replicative 
senescence in a number of different cell types, telomerase 
cannot prevent or rescue many forms of SIPS, which are 
sometimes referred to as telomere-independent forms of 
senescence [342, 343]. However, it is not clear if telomeres 
are indeed not affected or whether telomerase is unable to 
heal certain types of damage to telomeres. Interestingly, while 
telomerase can readily immortalize adult lung fibroblasts 
under ambient culture conditions, fetal lung fibroblasts can 
only be immortalized under 3% oxygen and by addition of a 
number of chemical antioxidants to the culture medium [344], 
suggesting either that the integrity of the telomerase complex 
or its function may be affected by oxidative stress or that 
oxidative damage to telomeres may alter telomeric structure 
in a way that inhibits recognition/healing by telomerase.

Telomeric shortening has been attributed to inefficient 
repair of DNA single-strand breaks, which are hallmark 
lesions of oxidative damage [345]. Improvement of mito-
chondrial function, the major determinant of cellular ROS 
production, also slows down telomere shortening [346]. 
Although irrefutable in vivo proof for a causal role for oxida-
tive stress in generating senescence-inducing telomere dys-
function is still lacking, telomeres appear to be excellent 
candidates for the missing link between DNA damage and 
oxidative stress that will allow us to achieve a complete 
understanding of the mechanism behind the internal “clock” 
that governs cellular life span.

Using the markers of senescence discussed above, senes-
cent cells have been detected in tissues from aged rodents, 
primates, and humans [35, 36, 272, 273, 319]. Nevertheless, 
the question remains whether the in vivo presence of senes-
cent cells in renewable tissue is coupled to any loss of organ-
ismal function. Presumably, such cells do not need to divide 
in vivo to the point of replicative exhaustion because they 
can be replenished by tissue progenitor cell populations. 
Thus, the role of cellular senescence in organismal aging, 
over and beyond its role as a tumor suppressor mechanism, 
may have greater functional relevance in stem cell popula-
tions than in more differentiated cells. The self-renewal and 
differentiation of stem cells is critical for the maintenance of 
tissue function, repair, and homeostasis. Hematopoietic stem 
cells (HSC) from older mice, which have deficiencies in self-
renewal, repopulating, and homing mechanisms, accumulate 

high levels of p16 that impair their ability to undergo serial 
transplantation; HSCs displayed improved function and 
stress resistance in the absence of p16 [347]. There is also 
evidence to suggest that self-renewal ability of the lympho-
hematopoietic stem cell system correlates with life span as a 
whole in mice ( [348] and reviewed by Geiger and Van Zant 
[349]). Increasing p16 levels are also linked to decreased 
regenerative potential in pancreatic islet cells [318] and 
reduced proliferation of progenitor populations in the mouse 
forebrain [350].

Aging and Cancer

The idea that aging acts as a deterrent to tumorigenic trans-
formation is one of the bases of the antagonistic pleiotropy 
theory of aging (discussed above). Within this context, traits 
that enhance the fitness of a younger organism (cellular 
senescence prevents cancer) may exert adverse effects later 
in life (increased predisposition to senescence leads to tissue 
aging and overall dysfunction). At a cellular level, senes-
cence and tumorigenesis appear to be two sides of the same 
coin. Spontaneous transformation of normal primary human 
cells is an extremely rare event. Indeed, in the absence of 
telomerase activity or abrogation of the tumor suppressor 
pathways via viral oncoproteins, onset of senescence is an 
inevitable outcome of culturing primary cells, which must 
necessarily overcome this antiproliferative barrier before 
undergoing tumorigenic transformation. Cells that are 
immortalized via introduction of the catalytic subunit of 
telomerase, hTERT, and/or viral oncoproteins such as SV40 
large T antigen or human papilloma virus proteins E6/E7, 
which block the p53 and p16 pathways, can continue to pro-
liferate indefinitely [351], (reviewed by Vaziri and Benchimol 
[352]). These cells exhibit changes in morphology and 
growth rate and can be readily transformed by introduction 
of oncogenes [351, 353–355]. In contrast, introduction of 
activated oncogenes leads to premature senescence in pri-
mary cells [303, 356], again emphasizing the role of senes-
cence in preventing tumorigenic transformation.

Significantly, senescent cells have been detected in tissue 
surrounding primary tumors, as well as in regions of nontu-
morigenic growths such as melanocytic nevi [357] and 
benign prostate hyperplasias [358, 359]. Similar results were 
observed with mice containing a conditionally expressed 
KRAS-V12 allele. Senescence markers were observed with 
far greater frequency in premalignant adenomas than in ade-
nocarcinomas, which rarely exhibited senescence [320]. 
Together, these observations strongly suggest that senes-
cence induction is a cellular response to hyperproliferative 
stimuli and that tumorigenic lesions are outgrowths of cells 
that have sustained further mutations/adaptations, thereby 
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allowing this tumor-suppressive block to be circumvented. 
This theory is further substantiated by the finding that DNA 
damage and senescent markers are sharply increased in pre-
neoplastic and early neoplastic tissue, but are not observed in 
late-stage tumors [356, 360]. Additionally, mouse models of 
oncogene activation exhibit in vivo induction of DNA dam-
age-mediated senescence in response to the hypermitogenic 
signaling associated with oncogene stress [361, 362]. 
Similarly, short dysfunctional telomeres are able to induce a 
senescent response in pretumorigenic cells in Emu-myc 
transgenic mice (a model for Burkitt’s lymphoma) crossed 
with TERC-null mice [363]. Interestingly, the tumor sup-
pressor function of shortened telomeres can be rescued by 
abrogating p53, but not by expression of the antiapoptotic 
protein, bcl-2. In mouse models of inducible p53, restoring 
p53 expression in murine liver carcinomas leads to induction 
of senescence (rather than apoptosis) in the entire tumor and 
to its clearance by activation of an innate immune response 
[364]. Similarly, intact p53 and p16 senescence pathways are 
required for c-Myc inactivation-induced regression of lym-
phomas [365]. These results not only point to the importance 
of cell senescence as a major antitumorigenic barrier but also 
suggest that, at least in certain types of tumors, it may be a 
more dominant barrier than cell death.

Besides the obvious conclusion that in order to progress, 
tumors need to overcome senescence, these observations 
underscore another fact. Stimuli or stresses that lead to the 
induction of senescence in a majority of cells may also select 
for cells that are either inherently resistant to or are no longer 
responsive to such stresses. When p53 function is restored in 
established lymphoma cells, they experience rapid clearance; 
however, most of the treated animals eventually relapse due 
to the emergence of tumors with inactivated ARF or p53 
[366]. In animal models of lung hyperplasia that experience 
sustained DNA damage signaling and genomic instability, 
progression to full-blown carcinoma is strongly associated 
with an increasing trend of p53 inactivation, suggesting that 
cells which have lost p53 function are strongly selected for in 
an environment where a functional DNA damage-induced 
tumor suppressor response is ongoing [367]. The notion of 
such stress-resistant cell populations is congruent with the 
emerging idea of tumor-initiating or cancer “stem cells” 
(reviewed by Eyler and Rich [368]). Investigations as to the 
behavior of such cells towards genotoxic stress or oncogene 
activation and changes in their population with advancing 
age should prove both interesting and instructive.

In addition to cell-autonomous means of senescence 
induction, stressed or senescent cells release growth-inhibi-
tory soluble factors that may serve to engender or enforce the 
senescent phenotype in neighboring cells. These include 
upregulation of the secreted insulin-like growth factor 
IGFBP7 in response to oncogenic BRAF signaling [369], 
elevated expression of CXCR2 and cognate ligands leading 

to p53 induction and senescence [370], and oncogene-in-
duced senescence mediated by the concerted action of C EBP 
transcription factors and the cytokines IL-6 and IL-8 [371]. 
Recently, a broader senescence-associated secretory  pheno-
type (SASP) in response to genotoxic stress has been identi-
fied and includes IL-6, IL-8 and insulin-like growth factor 
proteins (although not IGFBP7) [372]. The SASP is found to 
be amplified by loss of p53, by introduction of oncogenic 
RAS, and, in vivo, by chemotherapeutic treatment of pros-
tate tumors. Further study of the role of these factors in 
inhibiting outgrowths of resistant cells is required to under-
stand the full extent of their tumor-suppressive function.

Consequently, these studies provide increasingly convinc-
ing evidence for a tumor suppressor function of in vivo cell 
senescence. However, the argument for whether organismal 
senescence is a tumor suppressor response is less clear. On 
the surface, a paradoxical observation in this context is that 
older organisms are more susceptible to cancer, not less so. 
Interestingly, studies of in vivo senescence in mouse models 
of tumorigenesis suggest that the link between cellular senes-
cence and transformation mimic the observed link between 
organismal aging and cancer in that senescence precedes the 
onset of tumorigenesis. This can be interpreted in two ways 
– either that the process of aging/senescence creates condi-
tions for tumorigenic transformation or the conditions that 
lead to aging or senescence can engender tumorigenesis in 
the absence of senescence induction. At an organismal level, 
the former hypothesis has been popular given that from 2001 
to 2005, 55.2% of all cancers were diagnosed in people over 
the age of 65, suggesting cancer is a disease of the elderly 
[373]. Furthermore, the incidence rate of invasive cancers is 
almost tenfold greater in those over 65 years of age. However, 
at a cellular level, the latter theory is more strongly supported 
because the markers of senescence are most strongly upregu-
lated in preneoplastic and early neoplastic tissue rather than 
in late-stage tumors (see above). However, even in a cellular 
context, there is evidence that once senescent cells are estab-
lished, they can nevertheless encourage an environment that 
promotes carcinogenesis. To this end, it has been reported 
that senescent cells can foster the growth of premalignant 
and malignant epithelial cells in culture and the tumorigen-
esis of these cells in mice [374, 375] and that a genotoxic 
damage-invoked SASP in premalignant epithelial cells 
induced a potentially highly invasive and malignant mesen-
chymal phenotype in these cells [372].

These observations suggest that the role of senescence 
and indeed aging as an antitumor measure may be more 
complicated than initially believed. Just as activation of 
tumor suppressor pathways represents an example of antago-
nistic pleiotropy, the process of senescence itself may also 
become deleterious in later life, turning from a predomi-
nantly tumor suppressor mechanism, activated in response to 
isolated stresses that threaten immediate survival of the 
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young organism, to a pervasive and ultimately degenerative 
response to mounting systemic stresses (Fig. 2.3). Perhaps 
cancer is an aging-associated disease, not just because the 
stresses that induce aging also select from transformation-
prone cells, but because the senescent tissue itself may be 
promoting tumorigenic growth in such cells.

From the mutant p53-expressing mouse model (see 
Table 2.4), the discouraging conclusion appeared to be that 
life span must be sacrificed to evade tumorigenesis [299, 
376]. However, the above-mentioned models were the result 
of a genetic method that essentially led to elevated levels of 
p53 by eliminating its negative regulation by Mdm2. A more 
recent model of enhanced p53 function suggests that there 
need not be an inevitable tradeoff between increased cancer 
resistance and reduced life span. Transgenic mice that carry a 
genetic element containing the intact p53 gene [377] or the 
ARF gene [378], leaving these genes under normal physio-
logic regulation, or mice with moderately reduced Mdm2 
activity [379] appear to benefit from the increased cancer pro-
tection accorded by elevated p53/ARF expression but without 
experiencing a concomitant reduction in life span. Even more 
significantly, using the same genetic technique, transgenic 
mice with combined enhanced p53 and ARF function have 
been generated that exhibit both an increased cancer resis-
tance relative to the single gene-dose transgenic mice and 
also a 16% increase in median life span and improved stress 

resistance (see Table  2.3, [380]). These results provide the 
first indication of an exciting new paradigm, namely, that 
longevity-assurance mechanisms (such as optimal levels of 
p53 function) exist that may cooperate with cancer protection 
mechanisms. Furthermore, similar to the two-hit hypothesis 
of tumorigenesis, the remarkable antiaging benefits that 
appear to accrue from enhancing both p53 and ARF functions 
suggest that perhaps the onset of aging is also triggered by 
coordinated dysfunction/dysregulation in more than one path-
way. Thus, the genetic and stochastic components of aging 
may be explained by inherited deficiency in one or both of 
these pathways resulting in variable response to environmen-
tal stresses depending on the existing p53/ARF function.

Aging, Nutrition and Metabolism:  
A Modern-Day Elixir of Life?

Nearly every culture and civilization has its own mythic 
search for the elixir of life, from the desperate pursuit of 
immortality by Gilgamesh in ancient Babylon and by the 
Chinese emperor Qin Shi Huang before 200 b.c. to the 
European alchemists’ attempts at creating the longevity-con-
ferring philosopher’s stone and the Spanish conquistador 
Ponce de Leon’s quest for the fountain of youth. With an 
improved understanding of the molecular and biochemical 
pathways behind the aging process and the advent of nutra-
ceuticals, there has been resurgence in the interest to gener-
ate scientifically validated interventions that can extend life 
span while minimizing the systemic disadvantages of aging.

Mouse models of life-span extension can be broadly cat-
egorized as either embodying alterations in metabolic/
nutrient responsive-pathways or in mitochondrial/oxygen 
responsive pathways (Table  2.3). Most of these transgenic 
animal models exhibit a 15–30% life-span extension, with 
varied improvements in functional aging, such as low dam-
age levels, increased tissue function and stress resistance at 
later stages of life, and reduced incidences of cancer. 
However, few of these models have more than a modest 
impact on MLSP, and almost none show the broad gamut of 
improved physiologic function that would translate to sig-
nificant improvement in human quality-of-life aging issues. 
A valid criticism leveled at murine models of aging is that 
most of these organisms are studied under laboratory-con-
trolled conditions that are unlikely to mimic the environmen-
tal vagaries that affect true aging [381]. Therefore, while 
these model systems offer mechanistic insights into the pro-
cesses that may impact aging, the actual effects of these 
processes need to be assessed in human beings in a system-
atic and noninvasive manner.

The confluence of oxygen metabolism and nutritional sig-
naling on life span observed in animal models ranging from 

Figure 2.3  The cellular senescence paradox. In a background of low 
general damage and optimal stress responses, the process of cellular 
senescence can act as a prolongevity mechanism, activated in response 
to isolated stresses that threaten immediate survival of the young organ-
ism. However, in the context of mounting systemic stresses, cellular 
senescence may become deleterious in later life, turning from a pre-
dominantly tumor suppressor mechanism to a pervasive and ultimately 
degenerative response, paradoxically contributing to increased malig-
nancies by allowing for selection and propagation of malignant cells 
that are able to evade of the senescence response.
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C. elegans to rodents suggests that dietary modifications are 
the most likely candidate for yielding maximal dividends 
when it comes to extending longevity and maintaining good 
health later in life. The ability to modulate diet is relatively 
simple, and accordingly, caloric restriction (CR) studies are 
at the forefront of life-span extension strategies. Caloric 
restriction in rhesus monkeys leads to reductions in body 
temperature and energy expenditure, consistent with changes 
seen in rodent studies in which aging is retarded by dietary 
restriction [21, 22]. Calorie restriction also increases high-
density lipoprotein [23] and retards the postmaturational 
decline in serum dehydroepiandrosterone sulfate in the rhe-
sus monkeys [382]. Levels of the aging biomarker, p16INK4a, 
are reduced in tissue from aging rodents fed a calorically 
restricted diet [319].

The Comprehensive Assessment of the Long-Term Effects 
of Reducing Intake of Energy (CALERIE) study is a ran-
domized clinical trial to assess whether CR improves aging 
biomarkers in humans. After an initial 6-months of CR in 48 
healthy men and women in the their 40s and 50s, the study 
found an improvement in two biomarkers of longevity, 
namely, reduction in fasting insulin levels and body tempera-
tures in groups that underwent dietary restriction [25]. Other 
CALERIE studies have found that CR improves liver [383] 
and cardiovascular health [26] and increases muscle mito-
chondrial biogenesis and decreases oxygen consumption 
[181].

Population-based characterizations of aging have also 
identified diet and nutrition as likely major contributors to 
longevity. Long-lived human populations tend to share a few 
features in common, among them diets enriched in low-fat 
proteins such as fish and in fruits or beverages high in poly-
phenols and low in sugar and processed carbohydrates, often 
referred to as the Mediterranean Diet [384]. Consumption of 
red wine is also believed to be conducive to a healthy life 
span. In Sardinia and the south-western regions of France, 
longevity of the local population has been correlated with the 
high vasoactive polyphenol contents of the locally produced 
red wine [385].

Polyphenols such as quercetin, epigallocatechin gallate 
(EGCG), and resveratrol (3,5,4¢-trihydroxystilbene) are 
naturally occurring protective compounds found in dark-
green vegetables, fruits, green tea, dark chocolate, and red 
wine currently being included in a number of studies of 
aging and aging-related pathologies such as cancer and dia-
betes. Indeed, resveratrol is notable for its ability to activate 
sirtuins and to increase maximum life span in lower organ-
isms, such as yeast, worms, and flies [386]. Resveratrol 
treatment improves the exercise capacity, insulin sensitivity, 
mitochondrial biogenesis, and survival of mice on a high 
fat, high calorie diet [387]. Resveratrol can prevent diet-in-
duced obesity concurrently with improved mitochondrial 
production, insulin sensitivity, and exercise endurance by 

activating SIRT1 and PGC1a [388]. Resveratrol treatment 
of mice can also delay age-related changes in physical per-
formance, bone mineral density, inflammation, and the vas-
culature [389] and concomitantly induces transcriptional 
profiles in a variety of tissues similar to those seen with 
dietary restriction [389, 390]. Consequently, there has been 
much interest in resveratrol as a supplement to enhance 
health and increase life span in humans. However, resvera-
trol does not appear to extend the maximum life span of 
mice, but can increase the mean life span of mice with car-
diovascular- and obesity-related pathology who would oth-
erwise die earlier.

Although nutritional interventions may be able to signifi-
cantly impact aging, it is likely that the genetic background 
of the individual will determine just how effective any par-
ticular modification is likely to be. Both calorically restricted 
and long-lived mice share common longevity assurance 
mechanisms when compared to progeroid mice, although the 
efficacy of such mechanisms varies widely in the two sets of 
mice [391].

Conclusions

Despite the near-universal phenomenon of aging in living 
organisms, there is an extraordinarily varied phenotype that 
accompanies aging in specific individuals. Furthermore, it 
appears that evolutionary pressures have led to the develop-
ment of a remarkable homeostatic complexity to the underly-
ing mechanisms that cause us to grow old. The three 
quotations at the beginning of this chapter aptly represent 
these processes. Butch Cassidy recognized the inexorable 
forces that cause us to age. The concept of antagonistic 
pleiotropy is reflected in the other two insights. It seems that 
we clearly pay a price to maintain a high level of reproduc-
tive fitness – there is no free lunch. However, the ironic, yet 
ultimately satisfying, paradox may be that the only way that 
we can actually live as long as we do is, in fact, to grow old.
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Cancer is mainly a disease of aging. At present 50% of all 
cancers occur in the 12% of the population aged 65 and older 
[1]. By the year 2030, individuals over 65 years will repre-
sent 20% of the population of the United States and account 
for 70% of all cancers [1, 2]. The management of cancer in 
the older age group is going to become the most common 
practice of oncology.

The interactions of cancer and age are multiple and com-
plex. They include carcinogenesis, tumor biology, as well as 
cancer prevention and treatment. We will explore these inter-
actions after reviewing the extent of the problem.

Epidemiology of Cancer in the Aged

The incidence and prevalence of most cancers increase with 
age (Fig. 3.1). The association of cancer and age elicits a num-
ber of important questions: Is there a linear association between 
age and the incidence of cancer? Is the patient going to die or 
suffer from cancer? Does the presentation of cancer differ in 
older and in younger individuals? What are the consequences 
of cancer and its treatment for the older person? Epidemiology 
may provide important insights into these questions.

The Age Window

The incidence of most cancers increases steeply between ages 
55 and 80, plateaus between 80 and 85, and declines thereafter. 
The prevalence of cancer, even occult cancer discovered only 
at autopsy, is negligible after age 95 [3]. This observation 
suggests a number of explanations including the possibility 
that the so-called longevity genes confer a protection against 
cancer or alternatively that an increasingly catabolic status 
prevents cancer growth after age 95.

Variations in the Incidence of Different Cancers 
in Older Individuals

Whereas the incidence of most cancers increases with age, 
the pattern of increase varies from one neoplasm to another. 
For example, the incidence of melanoma peaks at the age of 
55 in men and plateaus thereafter; the incidence of breast 
cancer plateaus around the age of 80, whereas the incidences 
of cancer of the prostate and of the large bowel seem to 
increase without plateau even beyond the age of 80 [2]. These 
different incidence patterns suggest that a lesser number of 
carcinogenic stages are involved in the cancers whose inci-
dence peaks earlier and also that some tissues, including the 
prostate and the colonic mucosa, become more susceptible to 
environmental carcinogens as the patient ages.

The case of lung cancer is of particular interest. In the last 
20 years, the median age of lung cancer has changed from 
age 55 to age 71 [4]; the incidence of the disease has decreased 
for those younger than 50 years but has increased for indi-
viduals aged 65 and older, and the incidence of lung cancer 
in ex-smokers or non-smokers has increased. The likely 
explanation involves a decreased rate of cardiovascular 
deaths after smoking cessations, the development of a less 
aggressive type of lung cancer in ex-smokers, and a persis-
tent susceptibility of the bronchial mucosa to environmental 
carcinogens in ex-smokers or non-smokers exposed to pas-
sive smoke. This hypothesis is supported in part by the 
change in lung cancer histology that includes higher inci-
dence of adenocarcinoma and lower incidence of the most 
aggressive histologies, such as small cell and squamous cell.

Cancer Epidemics

Between 1950 and 1970, the incidence of non-Hodgkin 
lymphoma has increased by 80% among individuals aged 60 
and over, and the incidence of malignant brain tumors (ana-
plastic carcinoma and glioblastoma multiforme) has increased 
sevenfold in those aged 70 and over [4]. These findings 
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suggest one of two possibilities. The first is that the improved 
life expectancy of the population has allowed the survival of 
individuals predisposed to develop these neoplasias. The 
second is that older individuals are natural monitoring sys-
tems for new environmental carcinogens. In other words, 
when exposed to new environmental carcinogens, older peo-
ple are likely to develop cancer earlier than younger people. 
An epidemic of cancer in older individuals may herald an 
epidemic of cancer in the general population at a later time.

Who Are the Elderly with Cancer?

In studying the National Cancer Institute’s Surveillance 
Epidemiology and End Results (SEER) data, Diab et  al. 
determined that breast cancer did not shorten the survival of 
women aged 75–80 and was associated with an increased 
survival when it was diagnosed at the age of 80 and over [5]. 
These findings suggest that cancer is a prevalent disease 
among healthy elderly people. This suggestion is supported 
by the findings of Repetto et  al. [6], indicating that older 
individuals with cancer were more likely than individuals of 

similar age without cancer to be independent and to have 
fewer comorbid conditions. The low prevalence of cancer 
among long term nursing home residents also supports this 
suggestion [7]. Obviously, cancer is a cause of mortality for 
older individuals and the prevention and treatment of cancer 
in the elderly can prolong life and preserve function.

Presentation of Cancer in the Older Person

A number of studies in the 1980s, on the basis of statewide 
tumor registries, indicated that some cancers present at a 
more advanced stage in older individuals [8]. These included 
cancer of the breast, of the colon, and of the bladder, whereas 
lung cancer was diagnosed at an early stage in older individu-
als. More recent studies of the issue are wanted. The increased 
use of early detection might have increased the diagnosis of 
breast and colon cancer. At least three explanations may 
account for the presentation of some cancer at a more 
advanced stage: increased aggressiveness of cancer with age 
(unlikely), lesser use of cancer screening and early detection 
by older individuals, and delayed recognition of cancer symp-
toms. It is well known that older individuals may harbor many 
comorbid conditions at the same time. Comorbidity may 
delay the diagnosis of cancer because early cancer symptoms 
may be mistakenly ascribed to preexisting conditions.

Multiple Malignancies

Approximately 20% of individuals aged 70 and over with 
cancer may carry a diagnosis of two or more malignancies 
[9]. It is not clear whether multiple malignancies may be 
attributed to increased susceptibility to cancer. In some cases, 
the use of diagnostic tests for monitoring the first malignan-
cies may precipitate the diagnosis of a second one. For 
example, the association of non-Hodgkin’s lymphoma and 
renal cell carcinoma may be explained through this mecha-
nism. The frequent scanning of the abdomen to monitor the 
lymphoma may lead to early diagnosis of kidney cancer. In 
other cases, the treatment of a previous cancer may be 
responsible for the second one: for example adjuvant chemo-
therapy of breast cancer may increase the incidence of myel-
odysplasia and acute myelogenous leukemia in women aged 
65 and older [10–13]. In the majority of cases, the associa-
tion appears simply casual and because of the fact that age is 
a risk factor for multiple cancers.

Cancer Behavior and Age

Some cancers become more aggressive and others more indo-
lent with age. For example, breast cancer in older women is 

Figure 3.1  The incidence of cancer increases with age (from Yancik [2]. 
Reprinted with permission of John Wiley & Sons, Inc.).
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more likely to metastasize to bone and skin rather than to the 
viscera and the brain [14]. Likewise, older studies showed 
that the metastases from non-small cell lung cancer had a lon-
ger doubling time in older individuals [14]. Conversely, age is 
a poor prognostic factor for acute leukemia, lymphomas, and 
ovarian cancer. The potential mechanisms of these differences 
will be discussed in the biology of aging and cancer.

Consequences of Cancer and Its Treatment  
in the Older Person

Cancer has become the most common cause of death up to 
age 85 since 2000 [15]. Surprisingly, in the same period of 
time, the overall cancer-related mortality has decreased, but 
not as rapidly as mortality from cardiovascular disease.

A number of recent studies have also shown that age is a 
risk factor for the development of acute myelogenous leuke-
mia [10–13] and of late congestive heart failure after chemo-
therapy [16–18]. A recent study based on the SEER data also 
suggested an association between chemotherapy and dementia 
[19]. Prolonged castration with LH-RH analogs for prostate 
cancer has been associated with increased incidence of osteo-
porosis and bone fractures and possibly also with increased 
incidence of diabetes and coronary artery disease [20, 21].

Are cancer and its treatment causes of disability? The 
answer to this important question is still wanted. Older stud-
ies suggested an inverse relationship between incidence and 
prevalence of disability and cancer, probably related to the 
fact that cancer was associated with an early death which 
prevented the emergence of chronic disabling conditions 
[22]. This situation might have changed, however, with the 
emergence of more effective cancer treatment that results in 
prolonged survival from many malignancies.

In conclusion, the epidemiology of cancer and age pro-
vides important information that allows the formulation of 
appropriate clinical and research questions (Table 3.1).

Biologic Interactions of Cancer and Age

Aging and Carcinogenesis

The association of cancer and age may be explained by three 
non-mutually exclusive mechanisms: duration of carcino-
genesis, increased susceptibility of aging tissues to environ-
mental carcinogens, and environmental changes that favor 
the development of cancer.

As carcinogenesis is a time-taking process, it is reason-
able to expect that cancer will become more common with 
advanced age. Again, the example of lung cancer is compel-
ling. Smoking cessation has been associated with a spate of 
lung cancer in older ex-smokers [4]. Apparently, smoking 
cessation resulted in reduced mortality from cardiovascular 
complications of smoking, and this allowed ex-smokers to 
live long enough to develop cancer.

The application of the same dose of a carcinogen to the 
skin of younger and older mice causes more cancers in the 
older than in the younger animal, suggesting that the older 
skin is in a condition of advanced carcinogenesis and conse-
quently more susceptible to “late stage carcinogens.” The 
lymphatic system, the liver, and the central nervous system 
of older animals also display increased susceptibility to envi-
ronmental carcinogens [23].

For obvious reasons, these experiments cannot be per-
formed in humans. Epidemiological observations suggest 
however that this may be the case in older humans as well. As 
already discussed in the epidemiology section, the incidence 
of prostate cancer, colonic cancer, and non-melanomatous 
skin cancer increases geometrically with age, and this finding 
suggests accelerated carcinogenesis. Likewise, one possible 
mechanism for the increased incidence of lymphoma and 
malignant brain tumors in older individuals includes enhanced 
susceptibility of the aged to environmental carcinogens [4]. 
In addition, age is a risk factor for acute myelogenous leuke-
mia and myelodysplasia following adjuvant chemotherapy of 
breast cancer [11–13].

The contribution of the body environment to carcinogen-
esis is less clear. Chronic inflammation may cause the forma-
tion of carcinogens from the adipose tissue [24–26]. 
Adiponectin, a hormone produced by the adipose tissues, 
appears to stimulate the growth of colonic cancer in predis-
posed individuals [27]. Proliferative senescence of the 
stromal cells may facilitate tumor growth and metastases and 
possibly may influence carcinogenesis [28, 29]. Of special 
interest is the fact that the small molecules thalidomide and 
lenalidomide are able to reconstitute a normal hemopoiesis 
in some patients with myelodysplasia and to abrogate, for 
some time at least, the neoplastic clone involving the 
5q-mutations [30]. As these agents act mainly at the level of 
the marrow microenvironment, their effectiveness suggests 
that the stroma has a role in carcinogenesis.

Table 3.1  The lessons from epidemiology

1.	 Cancer has become the main cause of mortality in the older aged 
person: it is likely, but yet unproven that cancer is a major cause of 
disability

2.	 Cancer affects predominantly older individuals in good health, for 
whom cancer is a cause of morbidity and mortality. Effective 
prevention and treatment of cancer may prolong the life and 
preserve the function of older individuals

3.	 Cancer may be diagnosed at a later time in older than in younger 
individuals, as a result of decreased use of cancer screening and 
neglect of the initial symptoms of cancer

4.	 Multiple malignancies are found in as many as 20% of cancer 
patients aged 70 and older. In the majority of cases, the association 
appears casual; in some cases it may be related to treatment of a 
previous cancer

5.	 The prognoses of some cancers change with age. The underlying 
biology of these changes is described in the section of cancer 
biology and aging
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Aging and Tumor Growth

If one thinks of cancer as a plant, the growth of the plant 
depends on the seed (the tumor cell) and the soil (the tumor 
host). The importance of the tumor host was illustrated by a 
now classical experiment by Ershler et al. [31] These inves-
tigators injected the same doses of Lewis Lung Carcinoma 
and B16 melanoma into both older and younger mice [31]. 
The younger animals died earlier and with many more lung 
metastases than the older ones. As the seed in this case was 
exactly the same, only the diversity of the tumor bearers 
could explain the different outcome.

Age related differences in the neoplastic cells are well 
known. In older individuals, acute myelogenous leukemia 
(AML) presents a number of negative prognostic and predic-
tive factors, including mutations in flt-3, wild type nucleo-
phosmin, and multidrug-resistant 1 (MDR-1) [32]. In 
addition, AML in older individuals appears to be a disease of 
the pluripotent stem cells, which renders its eradication all 
but impossible. Breast cancer presents a more favorable pro-
teomic and genomic profile in older than in younger patients. 
It has been known for a long time that the prevalence of hor-
mone receptor positive breast cancer was higher among older 
women, whereas the prevalence of HER-2 positive or triple 
negative breast cancers was more common among the 
younger ones. More recently, a study from Duke University 
showed that a cluster of 24 genes purporting a particularly 
bad prognosis was more common in breast cancers occurring 
in women aged 35 and younger [33]. In breast cancer, the 
characteristics of the tumor bearer may also lead to a more 
indolent disease in older women. These include endocrine 
senescence and possibly immune senescence. Through 
mechanisms that have not been completely clarified, immune 
senescence may also be a favorable prognostic factor in the 
case of breast cancer [34].

Age is a poor prognostic factor in both follicular and large 
cell lymphoma. In the case of large-cell lymphoma, the prev-
alence of unfavorable genomic abnormalities does not seem 
to change with age, so that the seed does not seem different 
with age [35]. Increased concentration of IL6 in the circula-
tion may explain in part the poorer prognosis in older indi-
viduals, because IL-6 is a lymphocytic growth factor. A recent 
study showed that the stromal pattern (stromal II), rich in 
new vessels, heralds a poor prognosis [36]. It is not clear 
whether this pattern becomes more common with age.

In conclusion, aging is associated with a different behavior 
and prognosis in a number of common neoplasms. These 
changes may be explained by fairly well defined genomic and 
proteomic changes in the tumor cell (seed effect) and less well 
defined but equally well established changes in the tumor host 
(soil effect). The exploration of soil effects in tumor growth 
appears as a promising research area in geriatric oncology.

Aging and Cancer Prevention

Aging has contrasting effects on cancer prevention [22]. 
On one side, the increasing prevalence of cancer in the older 
person makes the aged an ideal target of cancer prevention; 
on the other side, reduced life-expectancy, increased risk of 
treatment complications, and the less aggressive course of 
some tumors, such as breast cancer, may lessen the benefits 
of prevention in older individuals. We’ll briefly describe two 
common forms of cancer prevention: chemoprevention and 
early detection.

Chemoprevention

Chemoprevention involves offsetting carcinogenesis with 
chemical substances. Older individuals appear as ideal targets 
for chemoprevention because of their condition of advanced 
tissue carcinogenesis and increased susceptibility to late stage 
carcinogens. A number of chemopreventative agents are avail-
able (Table 3.2), but none of them has widespread clinical use. 
The selective estrogen receptor modulators (SERM) tamox-
ifen and raloxifen prevent the occurrence of hormone-receptor 
positive breast cancer, but neither has been associated with a 
decreased risk of breast cancer mortality [37]. Both may exac-
erbate menopausal symptoms such as hot flashes and vaginal 
dryness and may cause deep vein thrombosis (more common 
in women 70 years and older who are overweight). Unlike 
tamoxifen, raloxifen does not cause endometrial cancer. Both 
substances prevent osteoporosis. Given the lack of demon-
strable survival advantage and the substantial compromise of 
quality of life, the majority of practitioners do not recommend 
this form of cancer prevention.

Finasteride reduces the incidence of prostate cancer but it 
may increase the risk of aggressive prostate cancer [38]. Until 
this issue is properly addressed, the value of finasteride as a 
chemopreventative agent remains dubious. Furthermore, the 
treatment may cause gynecomastia and decreased libido. An 
ongoing trial explores the chemoprevention of prostate can-
cer with a dual 5alpha reductase inhibitor, dutasteride [39].

Retinoids may reduce the risk of smoking-related cancer 
of the upper digestive tract and airways, but the high inci-
dence of serious complications prevents the general use of 
these agents [40].

Table 3.2  Chemopreventative substances

Selective estrogen receptors modulators (SERMs) Breast cancer
Retinoids Upper airways
Finasteride Prostate
Non-steroidals (NAS) Large bowel
Statins Multiple cancers
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A number of retrospective studies support a reduction in 
the incidence of colorectal cancer with aspirin and other non-
steroidal agents [41]. A small prospective study showed that 
Vioxx, no longer clinically available, reduced the number 
and the size of colonic polyps in patients with familial colonic 
polyposis. The clinical applications of these findings are prob-
lematic; in the absence of prospective studies, the dose and 
the treatment duration are unknown. The cancer-preventing 
ability of statins is controversial [42].

In conclusion, some human cancers may be prevented with 
chemoprevention, but the benefits of this cancer-preventing 
strategy are marginal at best.

Screening and Early Detection of Cancer

Early detection of cancer by screening asymptomatic indi-
viduals at risk has reduced cancer-related mortality from 
breast cancer among women aged 50–65, the mortality from 
cervical cancer for sexually active women, and the colon 
cancer-related mortality for people aged 50–80 [22]. The 
benefits of early detection may decline with age, given the 
patient’s limited life expectancy and increased susceptibility 
to treatment complications. Is screening beneficial in older 
individuals? Data from randomized controlled studies are 
nonexistent and probably will never be obtained. Given the 
rapid development of new diagnostic techniques, randomized 
studies would become obsolete by the time they have been 
terminated. Retrospective analysis based on SEER data sug-
gests that mammographic screening for breast cancer may be 
beneficial up to the age of 85, even in women with moderate 
degrees of comorbidity [43, 44]. Some form of screening for 
colorectal cancer appears reasonable in individuals with a life 
expectancy of 5 years and longer. Indiscriminate screening in 
older individuals is not advisable as it may have more com-
plications than benefits [45]. In this respect, it is useful to 
remember that the United State Preventive Service Task 
Force (USPSTF) recently issued a recommendation against 
screening men aged 75 and older for prostate cancer because 
the risk of complications from unnecessary treatment appears 
to overwhelm the potential benefits of early detection [46].

Aging and Cancer Treatment

It has already been highlighted that aging involves a reduced life 
expectancy and reduced tolerance of stress, including cancer 
and cancer treatment. The risk/benefit ratio of preventive and 
therapeutic interventions may become smaller with age. The 
risk of therapeutic complications may mandate the enactment 
of measures that may ameliorate these complications, such as 
the administration of myelopoietic growth factors following 

cytotoxic chemotherapy or adjustment of the doses of chemo-
therapy to the glomerular filtration rate (GFR) [47].

In addition to prolongation of survival and preservation of 
quality of life, preservation of function is another major goal 
of cancer treatment in older individuals (which is often 
referred to as “active life expectancy”) [48]. Functional 
dependence purports a decline in a person’s life expectancy 
and quality of life, and substantially increases costs of man-
agement of the older aged person. Cancer treatment in older 
persons should therefore be undertaken with these consider-
ations in mind.

Assessing the Geriatric Patient for Cancer 
Treatment

Clearly, elderly cancer patients may benefit from an array of 
treatment modalities. The practitioner is often faced with the 
vexing decision of whether to recommend a toxic treatment 
to patients with compromised functional status. While aging 
is universal, the rate of aging is highly individualized. For the 
purpose of clinical decisions, it is thus important to estimate 
each person’s physiologic age rather than relying on chrono-
logical age alone. As the prevalence of age-related changes 
increases rapidly after the age of 70, it appears reasonable to 
estimate the physiologic age of individuals aged 70 and older 
[49–51]. In this estimate, it is important to remember that 
social support is instrumental to overcome some age-related 
limitations in a person’s activities. For example, a reliable 
home caregiver may provide adequate access to care to a per-
son unable to use transportation and to mitigate the compli-
cations of treatment.

The time honored methods to assess the physiologic age 
of an individual is a comprehensive geriatric assessment 
(CGA) that includes ability to perform activities of daily liv-
ing and instrumental activities of daily living, comorbidity, 
presence of geriatric syndromes, nutrition, and social sup-
port [47, 52, 53]. Activities of daily living (ADL) include 
transferring, continence, feeding, grooming, dressing, and 
ability to use the bathroom alone. Instrumental activities of 
daily living (IADL) include use of transportation, ability to 
take medications, to provide to one’s nutrition, to go shop-
ping, using the telephone, and to manage one’s finances. The 
geriatric syndromes are conditions that become more com-
mon with aging, although they are not specific of age, and 
include dementia, severe depression, delirium triggered by 
diseases and drugs that do not affect the central nervous sys-
tem, spontaneous bone fractures, falls, dizziness, failure to 
thrive, and neglect and abuse.

The CGA provides an estimate of life expectancy on the 
basis of age, function, and co-morbidity. Using the CGA, 4 
year mortality of patients of different ages (Fig. 3.2) can also 
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be estimated [49]. The CGA also provides information on 
treatment tolerance on the basis of function and co-morbidity, 
as well as of family support and cognition (information of 
how treatment and cancer affect quality of life). According 
to recent studies, the CGA may also provide an estimate of 
the risk of chemotherapy-related complications [54]. An 
ongoing study, the Chemotherapy Risk Assessment Score in 
High Age Patients (CRASH) is aimed to assess the contribu-
tion of the various components of the CGA to an individual’s 
risk of myelotoxicity and other complications. 

The CGA also provides a profile of potentially reversible 
conditions, such as malnutrition, limited mobility, inadequate 
social support, and unrecognized geriatric syndromes, which 
may compromise treatment outcome.

Perhaps most importantly, the CGA translates the diver-
sity of the elderly population into objective categories that 
may be used when planning clinical trials of cancer treat-
ment in old persons.

Systemic Therapy

Hormonal Therapy

The major forms of hormonal cancer treatment are listed in 
Table 3.3. In the management of breast cancer, both adjuvant 
and metastatic, the aromatase inhibitors have proven more 
active than the SERMs and are now the management of 
choice. The main complications of these agents include severe 
arthralgias and osteoporosis [55]. The SERMs tamoxifen and 
toremifene may delay osteoporosis, but do cause endometrial 
cancer and deep vein thrombosis and the risk of these compli-
cations increases with age and in the presence of obesity. They 
may still represent valid options for the occasional patient for 
whom arthralgia causes severe impairment of movements. 
The role of the pure estrogen antagonist, Faslodex®, is not 
clear at present. This agent does not cause endometrial cancer 
and deep vein thrombosis. Progestin, estrogen in high doses, 

Figure 3.2  (a) The relationship between age, geriatric assessment, and 
4-year mortality in a home dwelling population. (b) Mortality index: 
each element of the geriatric assessment receives a score. The total 
score provides an estimate of the 4-year mortality for individuals of 
different ages (from Lee et al. [49] Copyright © 2006 American Medical 
Association. All rights reserved).

Table 3.3  Common hormonal treatment of cancer

Tumor Cancer

Breast Aromatase inhibitors
Selective Estrogen Receptor Modulators (SERMs)
Pure estrogen antagonists (Faslodex)
Progestins
Estrogen in high doses
Androgen

Prostate Orchiectomy
Estrogen
LH-RH analogs
Ketoconazol
Abiraterone
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and androgen are rarely used, although they may still have a 
role, especially in patients without visceral disease who have 
experienced a prolonged response to hormonal treatment.

Castration, surgical or chemical (LH-RH analogs, estro-
gen, ketoconazol, abiraterone), is the treatment of choice for 
metastatic prostate cancer and for locally advanced prostate 
cancer in combination with radiation therapy. The benefits of 
treating patients experiencing a chemical recurrence (elevated 
PSA) after prostatectomy or radiation have not been estab-
lished, although this approach has become a common prac-
tice. Prolonged castration with LH-RH may cause increased 
risk of bone fractures, diabetes, and coronary artery disease 
[20, 21]. Intermittent medical castration may be as effective 
as continuous castration, and is associated with fewer 
complications [56]. Estrogens are now seldom used, because 
of the risk of deep vein thrombosis, but they had significant 
benefits over LH-RH analogs, including preservation of 
libido, as well as prevention of osteoporosis and hot flushes.

Ketoconazol blocks steroidogenesis throughout the body. 
Without a supplement of corticosteroids, it would cause renal 
insufficiency. It may also cause hepatitis. It is generally used 
after disease progression with LH-RH analogs. Abiraterone, 
currently in clinical trials, has two advantages over current 
treatment [57]. Unlike ketoconazol, it selectively blocks the 
production of sexual steroids in the testicles and the adrenal. 
Also, it seems to prevent steroidogenesis within the neoplastic 
tissue which is a major cause of resistance to current hormonal 
treatment. Androgen antagonists are mainly used in combina-
tion with castration; as single agents, they are less effective than 
castration. As single agents, they may represent the treatment 
of choice for patients who do not want to lose their libido.

Cytotoxic Chemotherapy

Cytotoxic chemotherapy is still the mainstay systemic can-
cer treatment. Individuals over the age of 70 appear to benefit 
from cytotoxic chemotherapy in terms of cure, survival pro-
longation, and palliation. It is important to recognize, how-
ever, that the information related to patients aged 80 and 
older is very limited [58].

A number of complications of chemotherapy become 
more common with aging (Table 3.4). This is due in part to 
age-related alterations in pharmacokinetics and in part to 
decreased functional reserve of normal tissues. The most 
common pharmacokinetic change is reduction in GFR. Other 
changes of interest that are more difficult to assess include 
decreased intestinal absorption and hepatic metabolism, and 
decreased volume of distribution of hydrosoluble agents.

Myelotoxicity and febrile neutropenia may be prevented in 
more than 50% of older individuals with prophylactic myelopoi-
etic growth factors (filgrastim, pegfilgrastim, and lenograstim). 
Prevention of malnutrition and anemia may also ameliorate the 
complications of chemotherapy to some extent.

Cardiotoxicity may be prevented by avoidance of cardio-
toxic anthracyclines, by combining anthracyclines with 
dexrazoxane, a drug that chelates the iron in the heart sar-
comeres and prevents the release of free radicals responsible 
for the cardiac damage, or by substituting doxorubicin with 
pegylated liposomal doxorubicin that causes minimal car-
diac damage. The use of anthracyclines has decreased dra-
matically in recent years and is largely restricted to the 
management of lymphomas and leukemias.

Mucositis is mainly a complication of methotrexate and 
intravenous fluorinated pyrimidines. There is no proven anti-
dote to mucositis, but the utilization of the oral prodrug of 
fluorouracil, capecitabine, in lieu of intravenous fluorouracil 
may minimize this complication.

Peripheral neuropathy is a complication of alkaloids, plat-
inum derivatives, and tubulin modulators (taxanes and 
epothilones), and may restrict considerably the independence 
of older individuals. The only prevention is early detection 
and dose-reduction. The substitution of cisplatin with carbo-
platin and of paclitaxel with docetaxel may minimize the risk 
of peripheral neuropathy.

The long term complications of chemotherapy in older 
individuals have been described only in the last 5 years 
[10–13, 16–19]. Age is a risk factor for anthracyclines induced 
myelodysplasia and acute leukemia. The reduced role of these 
drugs in the adjuvant treatment of breast cancer will minimize 
the risk of this complication; likewise, age is a risk factor for 
a chronic cardiomyopathy, incidence of which increased over 
the years since the chemotherapy was terminated, and has 
been described in patients treated for breast cancer, lym-
phoma, and small cell cancer of the lung. According to a 
SEER study, the incidence of dementia increases progres-
sively in breast cancer patients treated with chemotherapy 
beginning 3 years from the termination of the treatment [19].

Unfortunately, there is no information concerning the most 
undesirable chronic complications of chemotherapy in older 
individuals, loss of independent living, and decreased active 
life-expectancy. Prospective studies of survivors are necessary 
to establish the risk and the prevention of this complication.

The NCCN has issued a number of guidelines for the safe 
management of older individuals with chemotherapy 
(Table 3.5) [47].

Table 3.4  Age and complications of chemotherapy

A.	Acute complications
	 Neutropenia and neutropenic infections
	 Mucositis
	 Cardiomyopathy
	 Neuropathy

B.	Chronic complications
	 Myelodysplasia (MDS) and Acute Myelogenous Leukemia (AML)
	 Chronic cardiomyopathy and congestive heart failure
	 Neuropathy
	 Dementia
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Targeted Therapy

An exhaustive review of the subject is beyond the scope of 
this chapter. We’ll describe here commonly used products 
relevant to the management of older patients [59].

Imatinib is the quintessential form of targeted therapy. 
This small molecule is an inhibitor of the cytoplasmic 
tyrosine kinase, and has prolonged the survival of patients 
with chronic myelogenous leukemia, who now rarely need 
bone marrow transplantation. It is also effective against the 
tyrosine kinase encoded by c-Kit and for this reason, it is 
effective in gastro-intestinal stromal tumors (GIST). 
Complications are rare and reversible, and include myelo-
suppression and fluid retention.

Rituximab is a monoclonal antibody with CD20 specific-
ity that has improved the survival in virtually all B-cell 
malignancies. Besides rare allergic reactions, the incidence 
of complications is minimal, although it has been reported 
that long term use may lead to demyelinating disorders.

Alentuzumab is also a monoclonal antibody with CD52 
specificity that is very effective in some of the most therapy-
refractory B-cell malignancies such as chronic lymphocytic 
leukemia with 17p (-) mutation. This agent has considerable 
myelotoxicity and should be used with prophylactic antimi-
crobial coverage.

Trastuzumab has revolutionized the history of the 25% of 
breast cancers that over-express HER2neu. It is a monoclo-
nal antibody with specificity for Epidermal growth factor 2 
(EGFR2). In combination with chemotherapy in the adjuvant 
setting, it almost doubles the number of patients who are free 
of disease 5 years from mastectomy. Trastuzumab causes 
myocardial freezing by interfering with myocardial trophism. 
Age is a risk factor for this complication that is generally 
reversible upon discontinuance of the treatment.

Bevacizumab is a monoclonal antibody directed against 
the endothelial growth factor, which inhibits tumor angiogen-
esis and decreases intratumoral pressure, thus allowing better 
chemotherapy diffusion. As a single agent, bevacizumab is 

active only in renal cell carcinoma, but it enhances the effects 
of chemotherapy in cancer of the colon, of the lung, and of the 
breast. Bevacizumab is associated with hypertension, bleed-
ing, and deep vein thrombosis. It should not be used within 4 
weeks of surgery, because it interferes with healing. Rarely, 
after abdominal surgery, bevacizumab has caused visceral 
perforation. All complications of bevacizumab are more 
common in the aged.

Receptor bound tyrosine kinase is critical to the signal 
transduction. This enzyme is the target of a number of agents, 
both monoclonal antibodies and small molecules. A com-
mon complication of all these agents is a maculopapular 
rash, that is more common and severe in the elderly, in whom 
necrolytic epidermolysis occasionally may be fatal.

Conclusions

Age is a risk factor for cancer because carcinogenesis is a 
lengthy process, older tissues are more susceptible to envi-
ronmental carcinogens, and changes in the body environment 
favor cancer growth. Changes in cancer behavior are seen in 
some common malignancies. These are partly because of a 
change in the neoplastic cell and of changes in the tumor 
host. Although the elderly appear as ideal targets for chemo-
prevention, the benefits of this form of prevention have not 
been conclusively demonstrated. Screening and early detec-
tion of breast and colon cancer may be beneficial in older 
individuals with a life expectancy of at least 5 years. Systemic 
cancer treatment is effective in older patients. Although the 
complications become more common with age, most of the 
time they may be minimized with appropriate interventions.
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Physiologic changes with age – immune system

Parameter Change with age Functional impact of change

T-cells Increased susceptibility to acute viral infections; increased latent herpesvirus 
reactivation along with clonally expanded CD8+ T-cellsMemory T cells Increase

Thymus gland Decrease (involutes)
Naïve T cells Decrease
DTH Decrease
IL-2 production Decrease
Proliferation Decrease
Cytotoxicity Decrease

B-cells Increased autoantibodies; decreased antibody production  
following vaccinationNumber Decreased

High-affinity antibodies Decreased
Non-specific antibodies Increased

Inflammation Increased morbidity and mortality; may play a role in age-related diseases  
(Alzheimer’s, Parkinson’s, osteoporosis, atherosclerosis,  
and type-2 diabetes)

Low-grade inflammation
Circulating IL-6 Increased
Circulating TNF-a Increased
CRP Increased
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Chapter 4
Effects of Aging on Immune Function

Raymond P. Stowe and James S. Goodwin 

In this chapter we describe changes in the immune system 
that are thought to be related to age per se. We subsequently 
review the clinical implications of these changes, including 
the effects of surgical trauma on immune function (see the 
physiology table at beginning of chapter). We then discuss 
how stress modifies many of these changes. We also describe 
recent information on persistent infections, in particular 
latent viral infections and how they may be partly responsi-
ble for shaping the aging immune system. We conclude with 
a discussion of some of the latest research on ways to restore 
or stimulate immune function in the elderly.

Changes in Immune Cell Function with Age

T Lymphocytes

Quantitative changes in T cell populations in aging humans 
and experimental animals include declines in “virgin” (reac-
tive) T cells and increases in “memory” (primed) T cells 
[1–5]. It is not clear which subpopulations account for the 
accumulation of memory cells. Some studies have described 
increases in the population of CD4+ T-helper memory cells 
[6] and others reported increases in CD8+ T suppressor mem-
ory cells as well [1]. Although the number of naive T cells 
declines in old animals, they appear to produce larger 
amounts of interleukin-2 (IL-2) than naive cells from young 
animals [7]. Memory T cells normally produce IL-2; and 
although aged animals have larger proportions of memory 
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cells, many studies have described decreased IL-2 produc-
tion by aged memory lymphocytes. This paradox of low pro-
duction of IL-2 despite increased proportions of 
IL-2-producing cells may be related to a lack of other regula-
tory cytokine signals, such as IL-4 [8].

A decrease in the proliferative response of lymphocytes to 
specific antigens or nonspecific mitogens was one of the ear-
liest age-related changes in immune function to be reported 
[9–12]. Decreased responsiveness to mitogens is due to a 
number of variables, including reduced numbers of mitogen-
responsive cells and decreased vigor of the proliferative 
response [10]. A smaller percentage of T splenocytes from 
old mice respond to mitogenic stimulation by entering active 
phases of cell replication, a defect noted with CD4+ T-helper 
cells and to a lesser extent with CD8+ T suppressor/cytotoxic 
cells [13]. Some studies suggest that the type of stimulus 
may affect the degree of decreased proliferation of lympho-
cytes from old animals [14]. T-helper cells from old mice 
generate fewer cytotoxic effector cells involved in delayed 
hypersensitivity skin reactions [15].

The ability of T cells to support antibody production 
changes with increasing age. Lymphocytes from old subjects 
display increased helper activity in  vitro for nonspecific 
antibody production [16, 17], and they proliferate more to 
nonspecific stimulation [14]. Studies comparing suppressor 
cells from young and old mice have shown that cells from 
aged animals have more difficulty in recognizing and exert-
ing suppressive effects against specific antigens from self 
and other old animals [17–20]. The increased incidence of 
autoantibodies seen during aging (antibodies directed against 
parts of the self) may be related to a failure of tonic inhibi-
tion by suppressor T cells [21] and has been correlated with 
the decreased proliferation of T cells to mitogen [22] (i.e., 
the lower the proliferation of T cells to mitogens, the higher 
was the level of autoantibodies).

One mechanism that is believed to contribute to the 
decline in T cell immunity is involution of the thymus, which 
precedes the age-related decline in T cell function and 
decreased thymic hormone levels (Fig. 4.1). Thymic function 
gradually starts declining from the first year of life [23, 24]. 
The thymic epithelial space, in which thymopoiesis occurs, 
shrinks to less than 10% of the total thymus tissue by age 70. 
Despite the reduction in functional thymic area, the aging 
thymus still demonstrates T-cell output although at a lesser 
rate [25]. The continual presence of T-cell receptor excision 
circle-positive T-cells, which represent recent thymic emi-
grants, were found in the peripheral blood of elderly adults 
[26]. Thymic atrophy has been speculated to be the result of 
aging of the T-cell progenitor population [27], loss of self-
peptide expressing thymic epithelium [28], defects in TCRb 
gene rearrangement [29], and aging of the thymic microenvi-
ronment with loss of trophic cytokines such as IL-7 [30].

Another mechanism contributing to T cell immunosenes-
cence is “replicative senescence” [31]. Senescent T cells 

in  vitro exhibit a loss of CD28, a costimulatory molecule 
critical to the outcome of antigen recognition and signal 
transduction induced by the T-cell receptor [32]. Similarly, 
during aging, there is a progressive accumulation of memory 
CD8 T cells that are CD28-negative, with some elderly adults 
having more than 50% of their total CD8 T cells being CD28-
negative [33, 34]. Notably, CD28 is involved in a number of 
critical T-cell functions such as lipid raft formation, IL-2 
gene transcription, apoptosis, stabilization of cytokine 
mRNA, and cell adhesion [35–37].

Another observation of CD28-negative T cells is their 
inability to proliferate, even when using phorbol esters to 
bypass cell-surface receptors and directly signal prolifera-
tion [38]. Extensive research on a variety of cell types have 
attributed this to the irreversible nature of the proliferative 
block, which is linked to the upregulation of cell-cycle inhib-
itors and p53 checkpoints [39]. Once generated, these T cells 
do not disappear, but show increased expression of bcl2 and 
are resistant to apoptosis ex vivo [40]. Moreover, increased 
CD8+CD28− T cells are often present as a result of oligoclo-
nal expansions that may reduce the overall spectrum of anti-
genic specificities within the T cell pool [31, 41].

A clinically important implication of large expansions of 
antigen-specific CD8 T cells in the elderly is that they appear 
to function as suppressor T cells and affect a number of 
immune parameters. Poor antibody responses to influenza 
vaccination in the elderly were significantly correlated with 
high proportions of CD8+CD28− T cells [42, 43]. High levels 
of CD8+CD28− T cells also correlate with greater disease 
severity in patients with ankylosing spondylitis [44]. 
CD8+CD28− T cells have been implicated as the critical subset 
in allogeneic organ transplant tolerance, whereby donor-
specific CD8+CD28− T cells can be found in peripheral blood 
of stable transplant recipients but not in patients with acute 
rejection [45]. Notably, CD8+CD28− T cells have been shown 
to induce antigen-presenting cells to become tolerogenic to 
helper T cells with cognate antigen specificity [45]. Importantly, 
increased numbers of CD8+CD28− T cells (along with low 
CD4 and poor proliferative responses) were found to predict 
higher 2-year mortality in a Swedish longitudinal study [46].

B Lymphocytes

Age-related quantitative changes in B cells have become 
apparent more recently than those described in T cells. The 
absolute number of B cells does not appear to change appre-
ciably with age [47]. Studies in aged mice have shown a 
decrease in bone marrow B-cell precursors [48–50] and 
structural changes in B-cell membranes [51]. B cells from 
old individuals proliferate less efficiently in response to 
mitogen stimulation, similar to what has been described for 
T cells [21]. Also similar to T cells [52], activation of PKC 
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and protein tyrosine kinases is reduced in B cells from old 
humans [53]. The expression of PKC was not reduced in B 
cells in this study [54].

The generation of antibody responses by B cells does 
change with age [55], although much of it is related to changes 
in T cell function. The distinction between antibody responses 
to T cell-dependent and T cell-independent antigens is made 
on the basis of whether there is an absolute requirement for T 
cell help in the antibody response. The decrease in T cell-
dependent antibody responses is obvious in experimental ani-
mals, with 80% fewer antibody-forming cells in older animals 
[2]. The accumulation of anti-idiotypes (antibodies directed 
against other antibodies) with increasing age may interfere 
with the production of specific antibody [56].

The ability to respond to specific antigenic challenge 
with specific antibody production decreases with age [55].  

This phenomenon has been described in studies of both pri-
mary and secondary antibody responses. When subjects of 
different ages were immunized with the primary antigen 
flagellin, similar levels of anti-flagellin antibody were found 
in both old and young subjects, but the older subjects were 
unable to maintain the response [57]. In contrast, De Greef 
et  al. immunized old and young subjects with the primary 
antigen Helix pomatia hemocyanin. Compared to young sub-
jects, old subjects had similar numbers of antibody-producing 
cells after in vitro stimulation with the antigen [58].

Although most investigators agree that changes in anti-
body production with age are primarily the result of declines 
in T lymphocyte function, there is also evidence for a decline 
in intrinsic B cell function. Some studies suggest a dimin-
ished ability of purified human B cells to respond to purified 
T-helper cells, or to T cell-derived helper factors [59, 60]. 

Figure 4.1  The human thymus across the lifespan. (a) Representative 
views of human thymus morphology throughout aging. All tissue  
was formalin-fixed, paraffin-embedded, and sections stained with 
haematoxylin and eosin and anti-keratin antibody [brown] to deter-
mine the percentage thymic epithelial space [each panel, ×25]. C, 

cortex; M, medulla; P, perivascular space. (b) Graphical depiction of 
the impact of age on human thymus morphology. Thymic epithe-
lial  space, pink; perivascular space, white (reprinted with permis-
sion  from [267], copyright 2000, The American Association of 
Immunologists, Inc).
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Studies with murine cells have shown that certain subsets of 
B cells from old animals function at a much lower level than 
the same cells from young mice, whereas other subsets pro-
duce comparable levels of antibody [61]. Cerny et al. found 
that the antiphosphorylcholine antibody produced by aged 
mice did not protect animals against lethal doses of 
Streptococcus pneumoniae, although old animals produced 
levels of antibody comparable to those in young animals 
[62]. The genes encoding the variable heavy portions of the 
antibody molecule were different in the old mice. The result-
ing antibody had lower affinity for the bacterial antigen and 
conferred less protection [62, 63].

Macrophage Function

Macrophage function during aging is particularly relevant to 
the theme of this book, suggesting that “old” macrophages 
are comparable to “young” macrophages in terms of produc-
ing similar levels of cytokines. Differences in function 
appeared to be modulated through changes in T and B cell 
responses to the cytokines [64, 65]. Studies of human mono-
cytes have shown decreased secretion of IL-1 with mitogen 
stimulation [66]. Bone marrow stem cells from senescence-
accelerated mice are defective in their ability to generate 
granulocyte/macrophage precursor cells [67]. In vivo func-
tion of macrophages illustrated by cutaneous wound healing 
in mice, showed that wounds in aged control animals took 
twice as long to heal as in young ones [68]. When peritoneal 
macrophages from animals of different ages were added to 
wounds on old mice, healing was accelerated regardless of 
the age of the source animal, although, macrophages from 
young mice accelerated the healing process to the greatest 
degree [68].

Studies of macrophage function in aged mice and humans 
suggest defects in macrophage–T cell interactions. Antigen-
sensitized macrophages from old mice stimulated signifi-
cantly lower levels of T cell proliferation than sensitized 
macrophages from young mice [14]. Dendritic cells are tis-
sue-fixed macrophages that stimulate formation of germinal 
centers in lymph follicles where B cell memory develops; 
they thus play an important role in the secondary immune 
response. Szakal et al. described serious age-related compro-
mise in this pathway [69]. When macrophages were replaced 
with other sources for activation (e.g., IL-2, or an activator 
such as phorbol-12-myristate-13-acetate), T cells from old 
adults displayed enhanced responses [70]. Macrophages 
from young adults were able to restore old T cell responses 
to the level seen in young adults in 70% of the subjects stud-
ied. Because the “old” macrophages effectively supported 
“young” T cells, the authors postulated that the defect resulted 
from impaired macrophage–T cell communication [70].  

In other studies, monocytes from old adults displayed less 
cytotoxicity against certain tumor cell lines, decreased  
production of reactive oxygen intermediates (H

2
O

2
 and NO

2
), 

and lower IL-1 secretion than monocytes from young adults 
[66, 71].

Natural Killer Cells

Natural killer (NK) cells are cytotoxic cells with the ability 
to lyse targets without the need for antigenic sensitization, 
a characteristic that distinguishes them functionally from 
cytotoxic T cells. Lymphokine-activated killer (LAK) cells, 
thought to be highly activated NK cells, are able to lyse 
certain cell lines that are resistant to NK cells. NK cells 
from mice display a declining ability to lyse spleen cells 
with increasing age [72, 73]. Most studies using old human 
subjects have shown little or no change in NK cell cyto-
toxic ability [74]. There do appear to be differential require-
ments for maximal activation of NK cells by interferon-a 
(IFNa). Young NK cells show maximal responses when 
stimulated with low concentrations of IFNa [75]. The 
activity of LAK cells from old humans appears to be 
reduced compared to that of LAK cells from young humans 
[74, 75].

Changes in Production and Response  
to Regulatory Factors

Prostaglandins

Prostaglandin E
2
 (PGE

2
), a metabolite of cell membrane 

arachidonic acid, is a feedback inhibitor of T cell prolifera-
tion in humans [76]. T cells from adults over 70 years of age 
are a magnitude more sensitive to inhibition by PGE

2
 than 

those from adults less than 40 years of age [9, 77]. Thus 
PGE

2
 may interfere with expansion of antigen-specific 

T-helper cell clones. T cells from aged mice are not only 
more sensitive to inhibition by PGE

2
, their splenocytes 

appear to produce more PGE
2
 than splenocytes from young 

mice [78]. Meydani et al. have continued to provide evidence 
that macrophage production of excess PGE

2
 is a significant 

mechanism in the suppression of T cell proliferation and 
IL-2 production in old mice [79].

Delfraissey et al. found that PGE
2
 suppressed the primary 

antibody response to trinitrophenylated polyacrylamide 
beads by lymphocytes from old adults [65]. Removing the 
monocytes that were the source of PGE

2
 production or add-

ing drugs that blocked production of PGE
2
, partially reversed 
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the depressed response [9, 65]. Using a different system of 
lipopolysaccharide-stimulated versus unstimulated lympho-
cytes, other investigators have not found increased PGE

2
 pro-

duction in old versus young donors [80]. Polyclonal antibody 
production was not suppressed by PGE

1
 when added to lym-

phocytes from donors of any age [80].
The increased sensitivity to PGE

2
 with age does not appear 

to be part of a general increase in sensitivity to all immuno-
modulators. Lymphocytes from subjects over 70 years of age 
are less sensitive to inhibition by substances such as hista-
mine and hydrocortisone [77].

Interleukins

Interleukins-1 and -2 play a primary role in activation, 
recruitment, and proliferation of T lymphocytes. Activated T 
cells then go on to produce a variety of growth and differen-
tiation factors. T-helper (Th) cells can be classified based on 
the profile of the cytokines they produce and by distinct sur-
face receptors. Th1 cells elaborate IFN-g, IL-2, IL-12, and 
tumor necrosis factor-b (TNF-b), leading to the induction of 
cytotoxic T cells and cellular immunity; Th2 cells elaborate 
IL-4, IL-5, IL-6, IL-10, and IL-13, which ultimately results 
in antibody production [81, 82].

A decreased response to IL-2 has been studied exten-
sively as a potential mechanism underlying the age-related 
defect in cellular immunity. Work from various investigators 
has demonstrated decreased production of IL-2 after mito-
gen stimulation, decreased density of IL-2 receptor expres-
sion, and decreased proliferation of T cells in response to 
IL-2 [83–88]. The picture is complicated by variable sensi-
tivity to IL-2 depending on the activation signal [3, 89]. 
Human memory T cells generally produce low levels of IL-2 
when stimulated by mitogen, in contrast to high IL-2 pro-
duction by young memory T cells [8]. However, production 
of IL-2 by old cells was greater when a different stimulus 
was employed [8]. Studies from Nagelkerken’s group found 
no differences in T cell proliferation or IL-2 production 
when memory T cells from old and young humans were 
stimulated with a variety of activation signals [3]. CD4+ T 
cells from old mice accumulate similar levels of IL-2 tran-
scripts, though secretion of IL-2 is lower than that seen in 
cells from young mice [90].

Increasing evidence has been accumulating that there are 
age-related declines in lymphocyte production and response 
to cytokines other than IL-2 [2, 91]. Monocytes from aged 
humans produce levels of IL-1 precursor comparable to 
monocytes from young humans, although they secrete less 
IL-1 [67]. Lymphocytes from old individuals produce higher 
levels of IL-1, IL-2, and TNF-a than those from healthy 
young individuals in mixed lymphocyte culture [92].

Li and Miller found a threefold decline in IL-4 production 
with age when activated murine T cells were immobilized 
with antibody to the T cell receptor, CD3, and cultured with 
anti-CD3 and IL-2 [93]. Memory T cells from old donors dis-
played a sixfold deficit in IL-4 production compared to cells 
from young donors [93]. In a similar system, CD4+ T cells 
from young mice were more sensitive to stimulation with 
exogenous IL-4, producing much higher levels of IL-2 than 
old CD4+ T cells [8]. Blocking endogenous IL-4 boosted 
“old” lymphocyte production of specific anti-influenza IgM 
and IgG1 to levels seen in young animals during a primary 
antibody response [94]. A similar effect was achieved by 
blocking endogenous IFN-g and IL-10 [94]. We have shown 
that lymphocytes from old adults produce less IL-4 when 
stimulated with specific antigen than lymphocytes from young 
adults [95]. When IL-4 is added early during the course of 
stimulation, old lymphocytes are less inhibited to produce 
specific antibodies [95], similar to findings described earlier 
in mice [8].

Other investigators have found no differences between 
lymphocytes from old and young adults in terms of their 
ability to produce IL-4 or IL-6 when stimulated with the 
mitogen phytohemagglutinin [96]. In this system, lympho-
cytes from old adults produced significantly less IFN-g [96]. 
With variation in the activating signals, old human T cells 
produce larger amounts of IL-4 and IFN-g [3, 97].

Proinflammatory Cytokines

Aging is associated with elevated levels of circulating inflam-
matory cytokines such as TNF-a, IL-6, IL-1ra, and the acute 
phase protein CRP [98–100]. The plasma levels of TNF-a 
were positively correlated with IL-6, sTNF-RII, and CRP in 
126 centenarians indicating an interrelated activation of the 
entire inflammatory cascade [101]. However, the increased 
proinflammatory cytokines in healthy elderly adults is not 
very marked and far from levels observed during acute infec-
tion. Thus, aging is associated with chronic low-grade 
inflammation.

In agreement with low-grade inflammation in aging, 
aged T cells produce much higher levels of the proinflam-
matory cytokines TNF-a and IL-6 [102]. Increased pro-
duction of TNF-a by unstimulated mononuclear cells has 
been shown [103]. Increased production of IL-6 and IL-1ra 
by unstimulated mononuclear cells was demonstrated, but 
no difference was found in levels of TNF-a and IL-1b 
[104]. However, cells in tissues other than peripheral blood 
may also contribute to the increased levels of circulating 
proinflammatory cytokines such as endothelial cells, adi-
pose cells, and macrophage-derived cells in CNS and 
peripheral tissues.
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Clinical Implications of Age-Related  
Immune Changes

All-Cause Mortality

We have described a variety of immunologic changes with 
aging. What are the implications of these changes for the 
occurrence of disease and maintenance of health in older 
adults? There is little direct causal evidence linking specific 
changes in immunity to specific clinical diseases or mortality. 
Most authorities simply assume that a decline in immune func-
tion is deleterious, or use theoretic arguments to support this 
belief. The question of whether decreased immune responses 
contribute to morbidity and mortality in elderly persons has 
been addressed mostly by cross-sectional studies looking for 
associations between a particular abnormal immune response 
and general health status [105]. For example, the Baltimore 
Longitudinal Aging Study found that declines in absolute lym-
phocyte counts predicted mortality after 3 years in aging men 
[106]. Ferguson et al. found that the presence of two or more 
suppressed immune parameters predicted poor 2-year survival 
in a group of adults over the age of 80 [46].

The response to delayed-type hypersensitivity skin tests 
has been associated with mortality in a number of studies. 
Delayed-type hypersensitivity skin testing is thought to be the 
in vivo correlate of in vitro mitogen-stimulated proliferation. 
Elderly subjects who respond poorly or not at all to a battery 
of antigens placed intradermally (anergy), have an increased 
risk of mortality compared to elderly subjects who respond 
well to one or more antigens [12, 107]. We found a twofold 
higher mortality rate and incidence of pneumonia during 10 
years of follow-up in the one-third of healthy elderly indi-
viduals who were anergic at initial testing [107, 108].

We and others have examined mitogen-stimulated lympho-
cyte proliferation in community-dwelling adults over age 65 
years [46, 105, 108, 109]. One study found that 18% of adults 
seen in an outpatient geriatric clinic had lymphocytes that did 
not respond to any of the three mitogens [109]. These nonre-
sponders had a 26% mortality rate at 3-year follow-up versus 
13% mortality in those whose lymphocytes proliferated to at 
least one mitogen. The increase in all-cause mortality remained 
significant after controlling medication use, an indirect indica-
tor of health status. Our own studies showed slightly higher 
all-cause mortality in old adults with low proliferative 
responses to the mitogen phytohemagglutinin [105].

Response to Immunization and Infections

Adults over the age of 65 experience greater morbidity and mor-
tality in association with common infections, providing a basis 
for targeting this population with preventive immunization. 

Unfortunately, elderly people respond less well to preventive 
immunizations against common infections compared with 
young individuals because of the waning of immunity. 
Epidemiologic evidence suggests that despite decreased effi-
cacy in the elderly, immunizations do reduce morbidity and 
mortality. The next section focuses on influenza, pneumococcal 
pneumonia, tetanus, tuberculosis, and herpes zoster, because 
information is available on disease epidemiology and aging 
immune responses specific to these entities.

Influenza

Influenza is a common viral respiratory illness that becomes 
clinically important when complicated by bacterial pneumo-
nia, or when it occurs in debilitated or elderly patients (reviewed 
by Burns et al.) [110] Individuals who suffer from one or more 
chronic, systemic illnesses (e.g., chronic obstructive pulmo-
nary disease, diabetes, chronic renal insufficiency) experience 
a 40- to 150-fold increase in the basal incidence rate for influ-
enzal pneumonia of four cases per 100,000 persons per year. 
More than 80% of deaths related to influenza epidemics occur 
in the elderly [111], and the risk of developing influenzal 
pneumonia or superimposed bacterial pneumonia increases 
with increasing age. Individuals living in long-term care facili-
ties are at particularly high risk of morbidity and mortality.

After vaccination with influenza, old mice display impaired 
cytotoxic T cell function and ineffective antibody generation 
against the virus [112]. When an intranasal viral load is 
administered after vaccination, old animals are more likely to 
develop influenzal pneumonia than young animals [112]. 
Studies in humans have described impaired production of 
anti-influenza antibodies and impaired influenza-specific 
cytotoxic activity in old adults compared to that in young 
adults [113]. Some of the mechanisms mediating this response 
include reduced IL-2 production and T cell activation in vivo 
and in vitro [85]. NK cell cytotoxicity is unchanged in old 
adults after vaccination against influenza, in contrast to 
increased NK cell activity in young adults [114]. Elderly 
individuals who do display a significant response to influenza 
vaccine have increased numbers of T cells capable of respond-
ing to the specific viral stimulus, whereas nonresponders 
have low numbers of such cells [115]. After immunization, 
IgG and IgG1 antibody production and agglutinating ability 
were decreased in the elderly compared to that in young sub-
jects [116]. The investigators were able to restore the 
responses of the elderly subjects to the levels seen in young 
subjects by doubling the dose of vaccine [116].

Although influenza vaccination is less effective in the 
higher risk population of old adults, the incidence and sever-
ity of influenza infections is clearly reduced by annual usage 
of the standard preparation [117]. The vaccine confers the 
highest degree of protection when the epidemic strains are 
similar to those in the vaccine [118]. Even when the antigenic 
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determinants of the wild virus have drifted over the course of 
a year, vaccine utilization can still have a substantial impact 
on morbidity and mortality [117].

Pneumococcal Pneumonia

An increased incidence of morbidity and mortality due to 
pneumonia has been recognized in the elderly for years [110]. 
Hospitalization necessitated by a diagnosis of pneumonia is 
most often caused by bacteria, primarily (about two-thirds of 
cases) S. pneumoniae. High mortality rates result from the 
increased incidence of bacteremia and meningitis seen in old 
adults. Similar to influenza, patients with one or more chronic 
systemic diseases are at increased risk of complications and 
mortality from pneumococcal infection.

Most of the information on the immunologic response to 
pneumococcal vaccination derives from murine studies. After 
vaccination with phosphocholine, old mice produced levels of 
antibody similar to those in young mice, but with a molecular 
shift in the antibody repertoire [62]. The antibody produced by 
old animals has a lower affinity for its target and is less effec-
tive in preventing infection [62]. In old mice, many of the anti-
bodies produced after pneumococcal vaccination cross-react 
with self-antigens [62]. In humans, serum antibody levels fade 
more rapidly in old individuals, prompting recommendations 
to re-vaccinate after 6 years in elderly patients [119]. The vac-
cine has been estimated to be about 70% effective for reducing 
morbidity and mortality in the elderly [120].

Tuberculosis and Intracellular Infections

For more than 20 years the risk of active tuberculosis in the 
Western world is increasingly confined to two populations: 
those with immunocompromising diseases (e.g., AIDS) and 
the very elderly [121, 122]. Animal studies show that old 
mice display increased susceptibility to infection with 
Mycobacterium tuberculosis [123]. The infection contain-
ment rate in old mice is similar to that in young animals; but 
once pulmonary infection is established, there is increased 
hematogenous spread to other organs [123]. Old animals dis-
play decreased CD4+ T cell function, significantly lower lev-
els of IL-12 in the lung [123], and delayed emergence of 
protective, IFN-g-secreting CD4+ T cells [124]. The protec-
tive cells from old animals were slower to express surface 
adhesion markers necessary for migration across endothelial 
linings to sites of active infection [124]. The increased spread 
of disease in old animals may also be related to alterations in 
other cytokine levels [123]. Orme has shown that CD4+ cells 
from young mice protect old mice from infection, suggesting 
that old macrophages function adequately and the major 
defect lies in the T cell population [123, 124].

Herpes Zoster

There is a clear positive correlation between age and the inci-
dence of herpes zoster, with an annual incidence rate of 400 
cases per 100,000 adults over age 75 [125]. Other surveys 
suggest an even higher overall incidence [126]. The vari-
cella-zoster virus (VZV) is harbored in dorsal root ganglia 
for many decades following childhood illness; and when it is 
reactivated it causes a cutaneous, varicella-type vesicular 
eruption involving the dermatome of the involved dorsal root 
ganglion.

Cellular immunity, measured by cutaneous delayed hyper-
sensitivity to varicella zoster, wanes with increasing age, 
although other factors may be involved in controlling viral 
latency [127]. Cutaneous zoster is often an indication of 
immune-compromised status in young persons and those 
with early recurrence [126], but is not associated with occult 
malignancy in old adults [128].

Stress, Immunity, and Aging (Table 4.1)

Physical Stress

A number of studies have described the effects of physical 
stress on the immune system, although most have not analyzed 
outcomes by age. Time-limited physical stress, such as hypoxia, 
head-up tilt challenge (approximating conditions of acute hem-
orrhage), hyperthermia, and exercise, tend to enhance measures 
of immunity on a transient basis (e.g., increased lymphocyte 
numbers and increased NK cell activity) [129]. Physical stress 
associated with tissue injury (e.g., trauma, burns, surgery) is 
generally characterized by suppressed immune function. CD4+ 

Table 4.1  Immunologic changes during stress

Type of stress Parameter
Functional impact  
of change

Physical (e.g., surgical, 
trauma, burns)

↓ T-cell number  
and function

↑ Post-op infections

↓ NK cell number  
and function

Delayed wound healing

↓ PMN function
↑ Inflammatory 

cytokines

Psychological (e.g., 
academic exams, 
major life events, 
caregiving, 
spaceflight)

↓ T-cell function ↑ Herpesvirus 
reactivation

↓ NK cell function Delayed wound healing
↓ Th1 cytokines  

(e.g., IL-2)
↓ Vaccine responses

↑ Th2 cytokines  
(e.g., IL-10)
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and CD8+ cells have been reported to decrease in number 
[130–132], and T cell activation is decreased [133]. Mitogen-
induced lymphocyte proliferation is decreased after surgery 
and trauma [134–136], and anergy is increased [137]. The pres-
ence of anergy has been associated with an increased incidence 
of postoperative infections [137]. Neutrophil function is 
adversely affected by surgery, with decreased chemotaxis [137, 
138], decreased intracellular killing [139], and disruption of 
superoxide release [138, 139].

One of the most consistently demonstrated findings is 
decreased cytotoxicity of NK cells [129, 130, 140–142]. In 
murine studies, decreased NK activity following surgery is 
associated with increased tumor metastases [143]. Levels of 
IL-2, mRNA for IL-2, IFN IL-10, and IL-12 are decreased 
[131, 135, 137, 144], whereas IL-4 and IL-6 levels are gener-
ally increased [131, 133, 136, 137, 144], although some 
investigators have reported decreased IL-6 [133, 145]. Of 
clinical relevance are observations that the degree of immune 
suppression correlates positively with the duration of surgery 
and volume of blood loss [137, 139].

The mechanisms underlying immune suppression with 
physical stress are slowly becoming elucidated. Tissue damage 
results in release of inflammatory substances, including TNF, 
IL-1, and IL-2 [146–148]. Hypothalamic production of corti-
cotropin-releasing hormone (CRF) and arginine vasopressin 
(AVP) is stimulated by the locally produced cytokines and by 
afferent nerve signals from the site of injury. CRF and AVP 
stimulate pituitary adrenocorticotropic hormone (ACTH) 
release and subsequent adrenal glucocorticoids, the latter two 
of which are also directly stimulated by the cytokines from the 
site of injury [149, 150]. Activation of the hypothalamic–pitu-
itary–adrenal (HPA) axis stimulates transformation of uncom-
mitted Th cells to Th2 cells and inhibits transformation to Th1 
cells [151]. The cellular immune responses are thus suppressed 
partly due to a lack of Th1 cells. The cytokines secreted by the 
Th2 cells (e.g., IL-1, IL-6, TNF-a) further stimulate the HPA 
axis and glucocorticoid production [152] and subsequently 
cause immune suppression [153, 154]. Given the extensive 
age-related changes in immunity, it is not surprising that old 
age in surgical patients has been associated with increased 
postoperative immune suppression and septic complications 
[139]. It is interesting to speculate that postsurgical immune 
suppression might be less pronounced in the elderly than 
expected because of decreased sensitivity to glucocorticoids 
[76], as mentioned previously.

Psychological Stress

In addition to physical stress from trauma or surgery, psy-
chological stress can have a significant impact on immune 
system function. Complex and direct links have been 
described between the immune system and the perceptual 

capabilities of the central nervous system. Ader and Cohen 
demonstrated that it was even possible to condition specific 
immune responses with sensory cues [47]. In a series of 
taste-aversion learning experiments in rats, saccharin water 
was initially administered to the animals along with a dose of 
cyclophosphamide. The rats were subsequently injected with 
sheep red blood cells with or without readministration of the 
saccharin solution. Animals who received the saccharin 
along with the injection had profound suppression of the 
hemagglutinin response to sheep red blood cells [47].

Carefully controlled experiments with rodents and pri-
mates have demonstrated the neurohumorally mediated 
effects of stress on the immune system [155, 156]. Similar 
findings are seen in cross-sectional studies with humans, 
though it is impossible to achieve the same degree of control 
as in the animal studies. Clusters of illness, from the common 
cold to cancer, have been reported to occur around the time of 
major life changes [157]. Strong negative correlations have 
been seen between loneliness and the proliferative response 
of lymphocytes to mitogens, NK cell activity, and DNA splic-
ing and repair [157, 158]. We found that healthy old adults 
with a strong social support system had greater total lympho-
cyte counts and a stronger mitogen-induced proliferation of 
lymphocytes than those without a close confidant [159].

Studies of individuals in “naturally occurring” stressful 
situations have also demonstrated links to suppressed 
immune function and illness. Mitogen-induced lymphocyte 
proliferation is suppressed after bereavement [160] and with 
depression [161]. The stress of taking final examinations has 
been correlated with recurrence of cold sores, rises in serum 
antibody titers against herpes simplex type I virus [162], and 
decreased proliferation of memory T cells [163]. Caregiving 
for a demented spouse is associated with a poor response to 
influenza vaccination [164]. Lymphocytes from the caregiv-
ers produced less IL-1b and IL-2 when stimulated with influ-
enza virus in vitro compared to age-matched, non-care-giving 
controls [164]. Caregivers displayed slower wound healing 
after skin biopsy than did matched controls [165].

Spaceflight

Many studies have reported similarities between spaceflight 
and aging. The average age of NASA astronauts is early to 
mid 40s [166–169]. In 1998, however, former Senator John 
Glenn flew on STS-95 at the age of 77 as a payload specialist 
(PS2). This afforded a unique opportunity to compare the 
effects of stress and microgravity in an aged individual to 
those of six younger astronauts under identical spaceflight 
conditions. After the 9-day mission, blood and urine samples 
were collected and neuroendocrine and immune responses 
were compared to those before flight. As shown in Fig. 4.2, 
variable levels of plasma and urinary cortisol were observed 
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after spaceflight for all seven crew members. However, PS2 
had the greatest increase in both plasma and urinary cortisol. 
Little change was found in ACTH for the younger astronauts, 
but once again a significant increase was found in PS2. 
Postflight levels of urinary epinephrine were mostly increased 
for the seven astronauts. Again, the aged astronaut had one 
of the highest epinephrine levels.

Given prior studies of psychological and physical stress on 
circulating leukocytes and lymphocytes, it would be expected 
that spaceflight would also result in significant changes in 
these white blood cell populations. As expected, significant 
increases in neutrophils were found postflight for all seven 
astronauts [170]. Excluding PS2 from data analysis, there was 
a significant increase in circulating B-cells (Fig. 4.3). A non-
significant decrease was found in NK cells at landing, while 
significant increases were found in CD3+ T-cells and CD4+ 
T-cells. Notably, the magnitude (³20% difference) and the 
direction of the shift in lymphocyte subsets for PS2 was oppo-
site from that of the other six crew members. Given the recent 
explosion in commercial spaceflight and associated opportu-
nities for adults (both young and old) to fly in space, this will 
be an important area of future research.

Reactivation of Latent Herpesviruses:  
A Potential Role in Shaping the Aged 
Immune System

Herpesviruses commonly establish latent infections in the 
majority of adults. The best known members of this family 

include herpes simplex virus (HSV), VZV, cytomegalovirus 
(CMV), and Epstein-Barr virus (EBV). Herpesviruses are 
medically important viruses; HSV-1 infects 70–80% of all 
adults and is classically associated with oropharyngeal 
lesions such as cold sores, pharyngitis, and tonsillitis [171]. 
EBV infects over 85% of the adult population and is the 
causative agent of infectious mononucleosis, Burkitt’s lym-
phoma, undifferentiated nasopharyngeal carcinoma, and dif-
fuse polyclonal B-cell lymphoma [172]. Most CMV 
infections in adults are asymptomatic, but may result in an 
infectious mononucleosis-like syndrome, central nervous 
system infections, and febrile illnesses [173]. Notably, CMV 
infections can be severe in immunocompromised individuals 
such as AIDS and post transplant patients [174]. VZV causes 
chicken pox on primary infection and remains latent thereaf-
ter; VZV may reactivate resulting in episodes of zoster or 
“shingles” [175].

Recent work on has focused on herpesviruses, in particu-
lar CMV. Numbers of CD8+CD28− T cells have been found 
to positively correlate with CMV seropositivity independent 
of age [176]. This correlation was also found in the OCTO 
study [177] as well as the subsequent NONA study [178].

The recent development of MHC tetramers, which allows 
direct detection of T cells carrying receptors for single peptide 
epitopes [179], has yielded new information on the way that 
CMV shapes the immune system. Using tetramers, numerous 
studies have demonstrated detectable levels of CMV-specific 
CD8+ T cells present in both healthy and diseased individuals 
[180–184]. Notably, studies of CMV tetramer-positive cells 
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Figure 4.2  Postflight change in plasma cortisol (PCort), ACTH, urinary 
cortisol (UCort) and urinary epinephrine (UEPI). Filled circles indicate 
values for PS2. Open circles indicate individual values for the remaining 
six STS-95 crewmembers. Data are expressed as the percent change at 
landing as compared to L-10 values.

−100

−50

0

50

100

150

200

B-cells NK-cells CD3+ CD4+

P
er

ce
nt

 C
ha

ng
e 

at
 L

an
di

ng
 

Figure 4.3  Postflight change in circulating lymphocytes. Filled circles 
indicate values for PS2. Open circles indicate individual values for the 
remaining six STS-95 crewmembers. Data are expressed as the percent 
change at landing as compared to L-10 values.
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have demonstrated the following: (a) CMV tetramer-positive 
cells are mainly pp65-specific, owing to the fact that pp65 is the 
most abundant structural protein throughout CMV infection 
and it is regarded as the dominant antigen recognized by CD8 
T cells [185, 186]; (b) the frequency of pp65 tetramer-positive 
cells can reach 25–50% in healthy individuals and are often 
present as oligoclonal expansions as determined by TCR-Vb 
analysis [181, 187–189]; (c) CMV-specific T cells increase in 
direct proportion with age [189, 190]; and (d) pp65-positive 
cells are CD28−CD57+ indicating a fully differentiated effector 
T cell [178, 181, 187, 188, 191].

Importantly, high levels of CMV pp65-specific T cells 
may downregulate immune responses to other herpesviruses. 
Recently, Khan and coworkers [192] who found that CMV 
infection in the elderly impaired the CD8 T cell immunity 
against EBV, another important member of the herpesvirus 
family that is known to cause numerous diseases including 
carcinomas and lymphomas. The authors found aged related 
increases in the number of EBV-specific T-cells. However, 
the frequency of EBV-specific CD8+ T cells never exceeded 
3% in CMV seropositive individuals, whereas in CMV sero-
negative individuals it was a high as 14%. Additionally, they 
also found that the proportion of functional EBV-specific 
CD8+ T cells was significantly lower than for CMV-specific 
CD8+ T cells. This study confirmed an earlier report that also 
demonstrated reduced IFN-g production by EBV-specific 
CD8+ T cells in the elderly [193]. Subsequently, Vescovini 
and coworkers [194] showed that several elderly subjects 
had a predominance of CD8+ T cells specific for EBV latent 
epitopes rather than lytic epitopes typically found in younger 
subjects. Collectively, these observations suggest a lack of 
immune control over EBV in the elderly.

It was not known until recently whether the clonally 
expanded herpesvirus-specific T-cells represented increased 
viral reactivation or simply reflected an accumulation over 
time. We showed for the first time direct evidence of increased 
viral reactivation in the elderly which included increased 
antiviral antibodies and increased viral load (EBV) in periph-
eral blood B-cells [195]. In addition, we found plasma vire-
mia (EBV DNA), which was supported by a program of viral 
gene transcription (e.g., LMP-1, gp350) similar to that found 
in patients with infectious mononucleosis. CMV DNA was 
not found in peripheral blood mononuclear cells; however, 
we did frequently detect CMV DNA in urine. These results 
were accompanied by clonal expansions of CD8+ and CD4+ 
T-cells directed against EBV (Fig. 4.4) and CMV (Fig. 4.5).

Notably, recent reports have suggested a link between 
herpesviruses and inflammation. Elevated levels of CMV 
antibodies have been associated with increased IL-6 and 
TNF-a levels in older adults [196–198]. The EBV-encoded 
dUTPase has also been shown to upregulate TNF-a, IL-1b, 
and IL-6 [199, 200]. EBV and CMV infection also result in 
a clonal expansion of virus-specific CD8+ T-cells [181, 187, 

192, 195, 201]. Thus, activation or an increase in the numbers 
of virus-specific CD8+ T-cells, as well as direct interaction 
with viral antigens, may result in increased levels of circulat-
ing inflammatory cytokines. Consistent with this notion, we 
found increased urinary IL-6 levels in elderly subjects with 
plasma viremia as compared to those without viremia 
(Fig. 4.6, unpublished data).

The increased levels of proinflammatory cytokines associ-
ated with herpesvirus infection may have important health 
consequences. CMV, and more recently, EBV have been impli-
cated in the development of coronary artery disease [202, 203]. 
Strandberg and coworkers [204] found that HSV and CMV 
were associated with cognitive impairment in elderly adults 
with cardiovascular disease. A subsequent study identified 
CMV as a predictor of cognitive impairment even after con-
trolling for numerous covariates including age, education, and 
health conditions [205]. In perhaps the most striking study, 
Wikby et al. [197] found that the immune risk phenotype, char-
acterized in part by co-infection with EBV and CMV, was sig-
nificantly associated with cognitive impairment; the individuals 
with cognitive impairment were all deceased at follow-up, 
which was attributed to allostatic overload due in part to mul-
tiple herpesvirus infections. Future studies are needed to inves-
tigate the role of herpesvirus reactivation in healthy aging.

Reversal of Age-Related Declines  
in Immune Function

When considering physiologic changes of aging it is important 
to keep in mind that the changes described do not appear to be 
synchronized with each other [2, 206]. Defects occur to varying 
degrees in different systems within a given individual, and 
immune modulatory substances may affect some systems and 
not others. It is increasingly clear that there are complex interac-
tions between the nervous, endocrine, and immune systems, 
although no “global” mechanism has been found that might be 
the common underlying cause of immune senescence [207]. We 
conclude with a brief discussion of potential ways to stimulate 
a failing immune system in elderly persons and review a num-
ber of investigations reporting attenuation or reversal of surgi-
cally induced immune suppression in animals and humans.

One of the most obvious organ changes that occur with 
aging is involution of the thymus, loss of thymic hormones, 
and a subsequent decline in T cell function [208]. In humans 
and experimental animals, involution begins during adoles-
cence; and the lymphatic mass, particularly in the cortical 
area, decreases with age [209]. These observations stimulated 
a number of experiments attempting to enhance lymphocyte 
function by reestablishing “young” levels of thymic hormone. 
Exposing lymphocytes of old individuals to thymic hormones 
in vivo or in vitro, or transplanting young thymic tissue into 
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old animals has resulted in at least partial restoration of 
immunity on a temporary basis [210–216]. IL-7 therapy alone 
in old mice can rejuvenate the thymus, but never to the point 
of the thymic size and output observed in young mice [217, 
218]. Although production of IL-7 by thymic epithelial cells 
and dendritic cells clearly plays a role in murine thymocyte 
proliferation, attempts to show an age-related change in IL-7 
in human studies have failed [219]. Other growth factors 
have  been studied including IL-12, which appears to slow 
down thymic involution [220], while keratinocyte growth 
factor may provide critical survival signals for the thymic 
epithelium [221].

Other hormonal substances being studied for their poten-
tial to reverse age-related declines in immunity include mela-
tonin, growth hormone, and adrenal androgens. The pineal 
hormone melatonin has free-radical-scavenging properties, 
and its production declines with age [222]. When melatonin 
has been administered to individuals with a variety of can-
cers, improved measures of immunity after surgery have 
been observed (increased number of lymphocytes, T cells, 
and Th cells) [223] as have partial tumor regression and 
enhanced 1-year survival of patients with metastatic solid 
tumors [224]. When melatonin is injected into old mice, it 
enhances antibody production and increases Th cell activity 
and IL-2 production [225].

Growth hormone (GH) and its precursor insulin-like 
growth factor-I (IGF-I) have immune-enhancing effects, 

including stimulation of phagocyte activity and cytokine 
production, both of which may help protect against bacte-
rial infection [226]. Elderly patients with GH deficiency 
have low NK cell activity, but it can be at least partially 
restored in  vitro by exposing NK cells to IGFI [227]. 
However, healthy old women who were not GH-deficient 
did not display changes in immune parameters after receiv-
ing 6 months of daily supplements [228]. VaraThorbeck 
et al. gave hypocaloric parenteral nutrition with or without 
growth hormone supplements to patients undergoing the 
stress of open cholecystectomy [229]. Those receiving GH 
had improved responses to delayed hypersensitivity skin 
testing, a lower incidence of wound infection, and shorter 
duration of hospital stay than the nonsupplemented group 
[229, 230]. In a series of experiments by Hinton et al., rats 
were given total parenteral nutrition with or without IGF-I 
and were subjected to the stress of a surgical incision or 
treatment with the synthetic glucocorticoid dexamethasone 
[231]. IGF-I treatment was associated with restoration of 
splenic B cell numbers in surgically stressed animals and 
increased mitogen-stimulated thymocyte proliferation and 
lymphyocyte-produced IL-6 in the dexamethasone-stressed 
animals [231].

The adrenal androgen dehydroepiandrosterone (DHEA) 
has been evaluated as a potential immune stimulant because 
it antagonizes the actions of cortisol, stimulating increased 
production of IL-2 and IFN-g [153]. In vivo administration 
also augments antibody production by upregulating T cell 
subsets that are associated with increased antibody produc-
tion [232]. When aged mice are primed with DHEA, the 
response to hepatitis B surface antigen vaccination and influ-
enza vaccination is enhanced [233, 234], and the animals are 
more resistant to infection with influenza [234]. Old humans 
who received oral DHEA supplements before receiving 
influenza vaccine displayed a fourfold increase in hemag-
glutinin inhibition titers compared to elderly individuals who 
did not take supplements [235].

A few studies in mice have explored the effect of administer-
ing cytokines to animals after surgical or burn trauma. In one 
study, administration of the recombinant cytokine IL-1a 20 h 
after surgery showed restoration of suppressed NK and LAK 
cell activity [236]. In another study, mice with 20% burn inju-
ries were treated in vivo with IL-12, which increased splenocyte 
production of IFN and significantly decreased mortality [144].

The 1990s saw a rapid accumulation of studies investigat-
ing links between nutrition and immune function (reviewed 
by Chandra [237] and Burns and Goodwin) [238]. Work on 
the effects of nutritional deprivation showed that starvation 
of experimental animals at young ages results in preservation 
of normal immune function into old age [238]. It is now 
known that caloric restriction rather than starvation can 
achieve the same results [239, 240]. The possibility that 
lesser amounts of caloric restriction supplemented with 
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essential nutrients might have similar beneficial effects in 
humans is being formally tested in primate models [241].

In contrast to findings in the experimental setting, nutri-
tional deficiencies in the clinical setting are generally associ-
ated with poor immune responses [237]. In both nutritionally 
deficient and healthy elderly adults caloric, vitamin, and 
trace element supplementation has been associated with 
enhanced immune responses, better responses to vaccines, 
and fewer days of infectious illness [242, 243]. NK cell activ-
ity correlates negatively to the level of polyunsaturated fatty 
acids in the diet, but there was no effect on NK activity in 
men who ingested high levels of polyunsaturated fatty acids 
for 5 weeks [244]. Nutritional supplements given by the 
enteral or parenteral route have been associated with 
improved surgical outcomes, but the effects on immune func-
tion are not well characterized. Rats receiving total paren-
teral nutrition display deficits in gut immunity and lymphocyte 
proliferation [245–249]. In humans, most studies have 
focused on the role of lipid additives in depressing immune 
function [247, 249–253]. In contrast to the immune suppres-
sion associated with surgery, patients with closed head 
trauma who receive early parenteral nutrition have preserved 
or increased CD4+ cell counts and improved lymphocyte 
proliferation to mitogen stimulation [254].

Antioxidants such as vitamins C (ascorbic acid) and E 
(tocopherol) have been studied intensively as potential “anti-
aging” treatments [255, 256]. When healthy elderly subjects 
were supplemented with 400–800 IU of vitamin E, delayed-
type hypersensitivity skin testing and in  vitro lymphocyte 
production of IL-2 increased [257, 258]. Vitamin E may cause 
these effects via inhibition of PGE

2
 or other suppressive fac-

tors [255] (see below). In vitro exposure of T cells from mice 
to another antioxidant, glutathione, enhanced T cell prolifera-
tion at all ages owing at least in part to blockade of eicosanoid 
production [259]. A placebo-controlled, double-blind trial of 
vitamin E and b-carotene supplementation in healthy old 
adults was associated with marked increases in various 
parameters of immunity, 50% fewer days with infection, and 
40% fewer days taking antibiotics during the 1-year trial 
[242]. Although there is concern over the findings of a higher 
incidence of lung cancer in heavy smokers, taking b-carotene 
[260, 261], supplementation with vitamin E was not associ-
ated with an increased incidence of lung cancer [260].

Administering drugs or vaccines that in one way or 
another stimulate immune function are other potential ways 
of preventing age-related declines in immunity. Nonsteroidal 
antiinflammatory drugs (NSAIDs) inhibit cyclooxygenase 
and reduce production of PGE

2
, thus stimulating immune 

responses in vitro and in vivo [76]. For example, an early 
case report of two anergic patients with an acquired immu-
nodeficiency state showed restoration of the response to 
delayed-type hypersensitivity skin testing after treatment 
with indomethacin [262]. The proportion of adults over age 

75, displaying a fourfold rise in anti-A/Beijing antibody after 
influenza immunization was significantly increased by aspi-
rin supplementation [263]. The use of NSAIDs might be 
especially relevant to elderly persons because their T cells 
are more sensitive to inhibition by PGE

2
 [9].

Cyclooxygenase inhibitors might also reduce the excess 
autoantibody production that occurs with age [264] and 
stimulate primary antibody responses to new antigens [22]. 
Unfortunately, the use of NSAIDs is not without risk, and 
older adults are at greater risk for experiencing the potential 
adverse effects of medications.

Suppression of immunity due to psychological stress has 
been reversed with psychological interventions. Simple 
relaxation exercises and writing about traumatic events 
enhanced the measured immune response compared to that 
in control subjects [265, 266]. The duration of these effects 
and the mechanisms that underlie them are not fully 
understood.
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Introduction

Age-related changes in the human hematopoietic system are 
subtle, are often difficult to separate from coexistent comor-
bidities, and are of clinical import under conditions that stress 
hematopoiesis. Anemia is the most common age-related hema-
tologic abnormality, and in the elderly surgical patient, proper 
management of disorders of hemostasis and thrombosis is par-
ticularly important. These are covered in detail in the chapter 
that follows. Marrow disorders such as myelodysplasia (MDS), 
acute myeloid leukemia (AML), monoclonal gammopathies 
(MG), polycythemia vera (PV), essential thrombocythemia 
(ET), and idiopathic myelofibrosis (IMF), all of which have a 
predilection for the elderly, are also discussed.

Hematopoiesis [1]

The hematopoietic system derives from a small pool of 
hematopoietic stem cells (HSCs), which can either self-renew 
or differentiate along specific lineages to form mature leuko-
cytes, erythrocytes, or platelets. HSCs differentiate into 
mature cells through an intermediate set of committed pro-
genitors and precursors, each with decreasing self-renewal 
potential and increasing lineage commitment. Hematopoiesis 
is tightly regulated by a complex series of interactions between 
HSCs, their stromal microenvironment, and diffusible regula-
tory molecules, the hematopoietic growth factors (HGFs) that 
effect cellular proliferation. The orderly development of the 
hematopoietic system in vivo and the maintenance of homeo-
stasis require that a strict balance be maintained between self-
renewal, differentiation, maturation, and cell loss. A major 
question with regard to the aging hematopoietic system is 
whether or not the pluripotent hematopoietic stem cell has a 
finite replicative capacity. Currently, it is thought that although 
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Hematological changes, anemia, and bleeding in older persons

Change observed Key points Clinical implications

Anemia Anemia is the most common hematologic 
abnormality observed in the elderly

Age per se is not associated with a change in 
baseline blood counts

Look for underlying cause, in particular occult gastroin-
testinal bleed and/or neoplasm

Propensity  
for bleeding

Bleeding disorders are more common in the 
elderly

Clotting factor and blood product support prior to and 
after surgery

Thrombophilia Hypercoagulable states are more common in the 
elderly

Appropriate prophylaxis prior to and after surgery

Reduced hematopoietic reserve Hematopoietic reserve diminishes with advancing 
age

–	 Rate of restoration of hemoglobin levels after 
blood loss may be decreased

–	 Granulocyte responses to stress may be 
decreased

Blood product support and growth factor support as 
indicated

Primary marrow disorders Marrow disorders like myelodysplasia  
(MDS) and clonal hematological diseases like 
acute myeloid leukemia (AML), polycythemia 
vera (PV), essential thrombocythemia (ET), 
and idiopathic myelofibrosis (IMF) have a 
predilection for the elderly

Appropriate diagnosis and treatment
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finite, the life span of HSCs is thought to be well in excess of 
the potential life span of a species. Accumulated DNA dam-
age has been proposed as the principle and unifying mecha-
nism underlying age-dependent HSC decline [2].

Evaluation of the effect of age on human hematopoiesis at 
the organ or cellular level demonstrates evidence of a dimin-
ished reserve capacity. Abnormalities in function, not evi-
denced in the basal state, become apparent in the 
stimulus-driven state. In addition to being lower, the aging 
response tends to be more variable. Given a comparable 
stress, hematologic abnormalities are likely to occur earlier 
and to be of greater severity in elderly than in younger per-
sons. Thus, the rate of return of the hemoglobin level to nor-
mal following phlebotomy may be blunted, and the ability to 
mount a granulocyte response to infection may be reduced. 
Data from earlier studies suggest that in the setting of severe 
infection, older patients may have normal or suppressed 
granulocyte counts. However, the precise definition of 
“elderly” and the impact of coexistent comorbidities and 
concomitant medications were not accounted for in these 
studies [3, 4]. Based on contemporary literature, it is true that 
a blunted hematopoietic response to different insults may be 
seen in the elderly [5, 6]. However, this can be overcome by 
the administration of exogenous growth factors [7, 8]. 
Furthermore, the relative contributions of age per se and age-
related comorbidities to this suboptimal response are unclear. 
Several elegant animal studies have shown a reduced ability 
of the aged hematopoietic system to respond to a sustained 
insult [1]. Similar studies in humans are either not feasible or 
have been inconclusive. It is currently believed that HSC 
function in humans, though finite, is well in excess of human 
life span. Thus, diminutions in hematopoietic reserve capac-
ity in aging humans may only be of clinical relevance in the 
presence of other comorbidities (occult or latent)1 or under 
conditions of extreme hematopoietic stress [1].

Thus, as we age, changes occur in multiple components 
of the hematologic system. In this chapter, we discuss the 
more commonly observed age-associated phenomena and 
the likely clinical consequences in the elderly surgical 
patient. The emphasis is on anemia and disorders of hemo-
stasis and thrombosis.

Anemia [9, 10]

Clearly, the most common age-related hematologic abnor-
mality, anemia, occurs in both older men and women. 
According to World Health Organization (WHO) criteria, 
anemia is diagnosed if the hemoglobin concentration (Hb) is 
<13 g/dL in men and <12 g/dL in women. Studies have shown 
a high prevalence of anemia in hospitalized older persons, 
patients attending geriatric clinics, and institutionalized older 
persons. However, if stringent criteria are employed for the 

selection of apparently normal subjects, the prevalence drops. 
Results from the third National Health and Nutrition 
Examination Survey (NHANES III) in the United States 
indicated that the prevalence of anemia was 11% in commu-
nity-dwelling men and 10.2% among women over 65 years 
of age. Survey findings indicated further that most anemia 
among the elderly were mild; only 2.8% of women and 1.6% 
of men had a Hb <11 g/dL. NHANES III data also indicated 
that about 35% of all anemia among elderly individuals in the 
U.S. results from nutrient deficiencies (iron, vitamin B12, 
and/or folate); 45% of all anemia in the elderly was 
attributable to chronic disease/s; and in 15–20%, despite an 
exhaustive workup, the anemia was unexplained. In the 
elderly patient, extra caution must be exercised to exclude 
subtle iron deficiency due to either occult gastrointestinal 
(GI) blood loss or a GI malignancy or both.

There are few reports on the incidence of new cases of 
anemia in the elderly population. In the general population, 
the annual incidence of anemia is estimated to be 1–2%. 
Compared with this, the incidence of anemia in a well-
defined population of elderly (>65 years of age) Whites 
attending the Mayo Clinic was reported to be four- to sixfold 
higher [11]. In this study, in every age group over 65 years, 
the incidence of anemia in men was higher than that in 
women. This has been attributed to a reduced sensitivity of 
erythroid progenitors to erythropoietin (EPO), secondary to 
declining testosterone concentrations. In several studies, the 
prevalence of anemia in the population over 80 years of age 
is reported as being 12–16% in women and 18–22% in men. 
At the time of diagnosis, over 50% of the patients had mild 
anemia (Hb > 11.0  g/dL), and only 2% had a hemoglobin 
concentration lower than 10 g/dL [12]. In the latter cohort, 
over 80% of patients had a normocytic anemia, with the eti-
ology being multifactorial.

Significantly, despite an exhaustive workup, in 15–20% 
of elderly persons, the cause of the anemia remained uncer-
tain [9]. Several theories have been put forward to explain 
this: reduced pluripotent HSC reserve, decreased production 
of HGFs, reduced sensitivity of HSCs to HGFs, marrow 
microenvironment abnormalities, unrecognized anemia of 
chronic disease, occult renal failure, and undiagnosed myel-
odysplasia. It is also possible that age-associated increases in 
levels of proinflammatory cytokines, such as interleukin-6 
(IL-6), may reduce the responses of stem cells to growth fac-
tors, including EPO. Results from the InChianti study have 
examined levels of Hb, EPO, and inflammatory molecules 
(C-reactive protein [CRP], IL-6, IL-1, IL-1b, and TNF-a) in 
1453 elderly individuals. In this population, the inflamma-
tory score based on the upper tertile results of the following 
increased with age: CRP, >3.8  mg/L; IL-6, >1.75  pg/mL; 
IL-1b, >0.12  pg/mL; TNF-a, >2.52  pg/mL. There was a 
commensurate increase in the EPO level in individuals with 
a normal Hb and an inappropriately low EPO level in those 
with anemia [13, 14].
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Presentation of Anemia

The presence of multiple pathologic conditions in older per-
sons often makes the evaluation of anemia challenging. The 
possibility of a multifactorial etiology – including blood loss, 
malnutrition, folate deficiency, or hemolysis – should always 
be considered when the anemia of chronic disease or inflam-
mation is associated with a hemoglobin level below 10 g/dL. 
In this circumstance, laboratory investigations commonly 
give equivocal results; hence, a bone marrow examination 
may be required. Clinical judgment is critically important in 
deciding how aggressive the workup for anemia ought to be.

Workup of Anemia

For practical purposes, we recommend 12 g/dL as a lower 
limit of normal for hemoglobin for both elderly men and 
women. Attempting to define the cause of anemia when the 
hemoglobin concentration is between 12 and 14 g/dL rarely 
yields a cause. Even at a level of 12 g/dL, a decision as to 
how aggressively should a patient with borderline low hema-
tocrit be evaluated must rest on clinical judgment. In the sur-
gical patient, subtle changes in hemoglobin should always 
prompt a thorough search for subtle GI blood loss and/or an 
early GI malignancy, both of which increase exponentially 
with increasing age. Once a decision has been made to inves-
tigate low hemoglobin in an older person, the principles 
involved in assessment and evaluation are very similar to 
those that would be used in patients of any age.

The causes of the various anemias seen in elderly persons 
are summarized in Table 5.1 [15]. The initial approach to the 
patient with anemia must include a complete history and 
physical examination, including a rectal exam, as well as a 
complete blood cell count to allow evaluation of the produc-
tion rate of red blood cells. Microcytosis (mean corpuscular 
volume [MCV] < 84) indicates an impairment of hemoglobin 
synthesis, and macrocytosis (MCV > 100) may be caused by 

reticulocytosis or more commonly by an abnormality in 
nuclear maturation. Red cell production is estimated from 
the reticulocyte production index. Hemolytic anemia usually 
has a reticulocyte index greater than 3, whereas a failure of 
production is indicated by a reticulocyte index of less than 2. 
Decreased production is caused by the hypoproliferative 
anemias or by ineffective erythropoiesis. An elevated lactate 
dehydrogenase (LDH) level and indirect hyperbilirubinemia 
result from the increased destruction of red cell precursors in 
the marrow and may be used to distinguish ineffective eryth-
ropoiesis from hypoproliferative anemia. A systematic 
approach to the laboratory workup of anemia is illustrated in 
Fig. 5.1. A significantly elevated reticulocyte count, indirect 
hyperbilirubinemia, and an elevated LDH level are diagnos-
tic of hemolytic anemia. A low reticulocyte count, elevated 
indirect bilirubin, and an elevated LDH level suggest ineffec-
tive erythropoiesis. In older persons with ineffective erythro-
poiesis, macrocytosis strongly suggests vitamin B

12
 or folate 

deficiency [16], and microcytosis should suggest sideroblas-
tic anemia [17]. However, as alluded to earlier, anemia in the 
elderly may have complex pathophysiology. Hence, one 
must maintain a high index of suspicion for the existence of 
GI pathology, and every effort should be made to exclude GI 
blood loss and/or a GI neoplasm as the cause of the anemia.

The Hypoproliferative Anemias [9]

These are categorized as being due to (a) iron-deficient eryth-
ropoiesis, (b) lack of erythropoietin, or (c) stem cell dysfunc-
tion and/or aplastic anemia (Table 5.1)

Iron-Deficient Erythropoiesis

Inadequate iron supply for erythropoiesis is the commonest 
cause of anemia in the elderly. Absolute iron deficiency 
(blood loss) is the usual cause of iron-deficient erythropoie-
sis in younger persons. Blood-loss anemia, the anemia of 
inflammation or chronic disease, and the anemia associated 
with protein-energy malnutrition are the most prevalent ane-
mias in older populations. Nutritional iron deficiency is very 
rare in the older age group, despite the prominence of other 
nutritional problems. When unexplained iron deficiency does 
occur, it is almost exclusively due to blood loss from the GI 
tract. Typical findings in blood-loss anemia are low serum 
iron, low serum ferritin, and high total iron-binding capacity 
(TIBC), reflecting absence of iron stores. Angiodysplasia of 
the large bowel and diverticular disease are common causes 
in the elderly but should be considered only after a neoplasm 
has been excluded. Rarely, iron deficiency can result from 
malabsorption or urinary losses of iron, which occurs in the 
face of intravascular hemolysis.

Table 5.1  Physiologic classification of anemia

Hypoproliferative Ineffective Hemolytic

1.	 Iron-deficient erythropoiesis 1.	 Macrocytic 1.	 Immunologic
Iron deficiency Vitamin B12 Idiopathic
Chronic disease Folic acid Secondary

MDS (RA)
2.	 Erythropoietin lack 2.	 Microcytic 2.	 Intrinsic

Renal Thalassemia Metabolic
Endocrine Sideroblastic Abnormal Hb

3.	 Stem cell dysfunction 3.	 Normocytic 3.	 Extrinsic
4.	 Aplastic anemia MDS Mechanical 

/toxic/viral
Source: Data from Chatta [15]
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Iron-deficient erythropoiesis as opposed to absolute iron 
deficiency is much more common in the elderly. The former 
reflects a defective ability of the reticuloendothelial system 
to reutilize iron derived from senescent red cells. This is 
diagnosed by the presence of a decreased serum iron and a 
reduced transferrin saturation (serum iron divided by the 
TIBC, expressed as a percentage). Thus, tissue iron stores 
are normal or increased, resulting in a serum ferritin concen-
tration above 50 ng/mL. In contrast, in the setting of blood-
loss anemia, iron stores are absent or low, with a low serum 
ferritin and high TIBC.

The terms anemia of inflammation or anemia of chronic 
disease are often used to explain the anemia associated with 
iron-deficient erythropoiesis [18]. This occurs in major dis-
ease processes including cancer, collagen vascular disorders, 
rheumatoid arthritis, inflammatory bowel disease, and pro-
tein-energy malnutrition. However, laboratory parameters 
often can be equivocal, and it may be difficult to distinguish 
between iron deficiency and defective iron utilization. 
Hepcidin [18], a 25-amino-acid peptide produced in the liver, 
has been implicated in the pathogenesis of anemia of chronic 
disease. Hepcidin functions as a direct mediator of iron 
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Figure 5.1  Workup of anemia (from Chatta et al. [1] Adapted with permission from The McGraw Hill Companies).
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homeostasis, regulating both intestinal iron absorption as 
well as release of macrophage iron to erythroid progenitors. 
Although hepcidin levels have been reported to be increased 
nearly 100-fold in association with anemia of chronic dis-
ease, studies on the clinical utility of hepcidin are limited by 
the availability of a suitable clinical assay. The possibility of 
a multifactorial causation, including blood loss, malnutri-
tion, folate deficiency, or hemolysis, should always be con-
sidered when the anemia of inflammation or chronic disease 
is associated with a Hb < 10 g/dL.

Lack of Erythropoietin

Decreased erythropoietin (EPO) production accounts for the 
anemia of end-stage renal disease and is implicated in some 
anemias of cancer and chronic diseases [19]. Depending on 
symptoms, erythroid support is recommended for patients 
with hemoglobin concentrations <10 g/dL. EPO has been in 
clinical use since 1985 for patients with end-stage renal dis-
ease. EPO treatment should be instituted after excluding 
hemolysis and iron deficiency. Typically, the starting dose of 
EPO ranges from 20,000 to 40,000 units subcutaneously 
every week. If required, the dosage can be escalated to 60,000 
units per week. Conversely, some patients require treatment 
only every 2–3 weeks. Hemoglobin levels should be moni-
tored weekly, to avoid the vascular sequelae of an iatrogenic 
polycythemia. This is even more true in the elderly given the 
higher incidence of hypertension and cerebrovascular dis-
ease. A target hemoglobin level of 11 g/dL is usually safe. 
The 2007 revision of the National Kidney Foundations 
Outcomes Quality Initiative [20] has specifically recom-
mended targeting the hemoglobin between 11 and 12 g/dL 
with the recommendation to stay below 13 g/dL. No distinc-
tion is made between aged and nonaged populations in their 
recommendations. Most patients respond within 4–6 weeks. 
Iron should be added to the regimen if ferritin levels fall 
below 50 ng/mL.

Many cancer patients have anemia independent of any 
myelosuppressive therapy. The anemia is characterized by an 
inability to use iron stores and an inadequate EPO response, 
indicated by inappropriately low EPO levels. In addition, a 
component of the erythroid suppression is mediated by 
cytokines such as interleukin-1, TNF-aF, and transforming 
growth factor beta (TGF-b). Although the precise incidence 
of cancer-related anemia is not known, a number of studies 
have documented a decrease in transfusion frequency after 
treatment with EPO. If there is no reticulocyte response after 
4–6 weeks of EPO treatment, therapy should be discontin-
ued. Although it is difficult to prospectively identify respond-
ers, it has been reported that patients with endogenous EPO 
levels of <200 mU/mL are most likely to respond to treat-
ment with EPO [21].

Stem Cell Dysfunction and/or Aplastic Anemia

Marrow failure due to interference with the proliferation of 
hematopoietic cells is seen in older adults. The disorder is 
generally associated with suppression of all marrow ele-
ments and is suggested by the presence of peripheral pancy-
topenia. Common causes include medications, immune 
damage to the stem-cell population, intrinsic marrow lesions, 
and marrow replacement by malignant cells or fibrous tissue. 
The latter is usually associated with a myelophthisic blood 
picture (nucleated RBCs, giant platelets, and metamyelo-
cytes) as a reflection of the disruption of marrow stromal 
architecture. The presence of pancytopenia and the absence 
of iron-deficient erythropoiesis is an indication for bone mar-
row aspiration and biopsy. Occasionally, isolated suppres-
sion of erythropoiesis occurs, which is referred to as pure red 
cell aplasia. This disorder can be related to medication or 
caused by benign or malignant abnormalities of lympho-
cytes, including thymoma. These patients have isolated ane-
mia, an increased serum iron, and an absence of erythroid 
precursors on bone marrow examination [22].

Ineffective Erythropoiesis [16]

Ineffective erythropoiesis and macrocytic anemias in the 
elderly person result from vitamin B

12
 and folate deficiency. 

The prevalence of pernicious anemia increases with advanc-
ing age. The disorder results from malabsorption of vitamin 
B

12
 as a consequence of the action of antibodies against gas-

tric parietal cells and intrinsic factor. Atrophic gastritis and 
decreased secretion of intrinsic factor occur, resulting in fail-
ure of vitamin B

12
 absorption. The presence of pancytopenia, 

macrocytosis, hypersegmented neutrophils in the peripheral 
smear, a decreased reticulocyte index, an increased LDH 
level, and indirect hypobilirubinemia suggests a diagnosis of 
megaloblastic anemia. Chronic pancreatitis and diseases of 
the distal ileum (blind loop syndrome) may also cause vita-
min B

12
 deficiency. Folate deficiency of sufficient severity to 

cause anemia in the elderly person is rare. Alcohol and vari-
ous other drugs are also known to interfere with folate 
absorption and metabolism. Vulnerability to deficiency is 
significantly greater when folate requirements are increased 
as a result of inflammation, neoplastic disease, or hemolytic 
anemia.

Vitamin B
12

, Folate, and Homocysteine [16]

In epidemiologic studies, approximately 10% of apparently 
healthy persons aged 70 years and over were found to have 
vitamin B

12
 levels that are deficient, and 5–10% were found 
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to have low folate values. These low values may be clinically 
important, and there is evidence that even low normal vita-
min B

12
 levels may contribute to cognitive decline in older 

adults. Hence, vitamin B
12

 and folate should be aggressively 
replaced in the elderly. Even in patients with atrophic gastri-
tis, oral vitamin B

12
 is generally adequate; 10% will be 

absorbed by mass action alone and not require the presence 
of intrinsic factor. Thus, a daily dose of 1 mg (1,000 mcg) of 
vitamin B

12
 will replete a person with concentrations in the 

low-to-normal range. Parenteral replacement should be used 
in severe deficiencies with vitamin B

12
, i.e., concentrations 

<100 pg/mL.
In older adults with low normal (£350 pg/mL) B

12
 con-

centrations, methylmalonic acid (MMA) concentrations may 
be more sensitive for excluding metabolically active B

12
 defi-

ciency. Renal failure can artificially increase the serum MMA 
concentration. In patients with low-normal B

12
 concentra-

tions and macrocytosis (with or without anemia), vitamin 
replacement should be considered, particularly if the MMA 
concentration is increased. Low concentrations of vitamin 
B

12
 or folate are also accompanied by increased concentra-

tions of homocysteine. In recent years, studies have focused 
on the role of raised homocysteine levels in coronary artery 
disease risk. A relationship may exist between coronary 
artery disease and low vitamin B

12
 and elevated homocysteine 

in older persons. Levels of homocysteine can be reduced by 
prescribing 400 mg of folic acid once or twice daily. Empiric 
prescription of vitamin B

12
 or folate for older persons with 

ischemic heart disease may be reasonable.
The major causes of ineffective erythropoiesis and micro-

cytosis are thalassemia and the sideroblastic anemias. 
Although thalassemia is generally diagnosed at an earlier 
age, there are reports of its initial detection in older people. 
Mild anemia, a disproportionately low MCV, and the absence 
of iron deficiency usually points to a diagnosis of thalas-
semia trait, a condition of little or no clinical consequence. 
Iron supplements have no role in the treatment of thalassemia 
trait; on the contrary, they can be detrimental. Acquired 
sideroblastic anemia, although uncommon, is primarily a 
disease of elderly persons [18]. It is a heterogeneous group 
of disorders characterized by the presence of iron deposits in 
the mitochondria of normoblasts. The disorder is a conse-
quence of impaired heme synthesis. It usually reflects an 
intrinsic marrow lesion (idiopathic) but may be secondary to 
inflammation, neoplasia, or drug ingestion. The common 
finding is the presence of a dimorphic red cell population, in 
part markedly hypochromic and in part well filled with 
hemoglobin. The diagnosis is made by the demonstration of 
ringed sideroblasts in the bone marrow as well as the pres-
ence of maturation abnormalities of myeloid and erythroid 
precursors. A fraction of elderly patients (<5%) with sidero-
blastic anemia show some response to pharmacologic doses 
of pyridoxine (200 mg three times daily).

The myelodysplastic syndromes (MDS) [17, 23] are a 
group of stem-cell disorders characterized by disordered 
hematopoiesis that occur primarily in the elderly age group. 
Refractory anemia and refractory anemia with ringed sidero-
blasts account for 25–30% of the MDS syndromes. Refractory 
anemia commonly presents as a macrocytic anemia with 
marrow erythroid hyperplasia and relatively normal myeloid 
and megakaryocytic lineages. Cytogenetic abnormalities are 
relatively common in MDS, and one of particular interest in 
elderly patients is deletion of the long arm of chromosome 5 
(5q−). The median age at presentation of the 5q− syndrome 
is 68 years with a female:male ratio of 7:3 [24]. The syn-
drome is characterized by macrocytic anemia, modest leuko-
penia, normal or increased platelet counts, and marrow 
erythroid hypoplasia or hyperplasia. Di Guglielmo’s syn-
drome is another stem-cell disorder that is more common in 
older people; patients present with anemia that is character-
ized by megaloblastic erythroid precursors, dysplastic myel-
oid cells, and hyperplasia in the marrow. The disease usually 
evolves into an erythroleukemia, with an associated pancy-
topenia and the presence of nucleated red cells, and immature 
myeloid and megakaryocytic precursors in the circulation.

Treatment of MDS in the elderly person till now has been 
primarily supportive. However, recent advances in elucidat-
ing the molecular basis of MDS have identified hypermethy-
lation of the promoter region as an important mechanism of 
gene silencing. Treatment with hypomethylating agents can 
restore gene expression and induce differentiation of 
hematopoietic progenitors in MDS. Thus far, 5-azacytidine 
and decitabine (both hypomethylating agents) have been 
FDA-approved for the treatment of MDS [25, 26]. 
Immunomodulatory agents such as lenalidomide are also 
currently being evaluated for high-risk MDS patients (espe-
cially those with a 5q– abnormality) [27].

Hemolytic Anemias [9]

The causes of hemolytic anemia in elderly persons are some-
what different than in younger persons. Autoimmune hemo-
lytic anemia (AHA) is the commonest cause in the elderly 
age group; the diagnosis is made by the presence of a positive 
Coombs’ test. In an elderly population, the anemia is likely to 
be associated with a lymphoproliferative disorder (non-
Hodgkin’s lymphoma or chronic lymphocytic leukemia), 
collagen vascular disease, or drug ingestion. Corticosteroids 
and splenectomy are usually effective in patients with red 
cell antibodies of the immunoglobulin G (IgG) type.

A disorder of some importance in older adults is microan-
giopathic hemolytic anemia [28], secondary to either dissemi-
nated intravascular coagulation (DIC) or occurring as a mani- 
festation of the syndrome of thrombotic thrombocytopenic 
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purpura (TTP). DIC is usually associated with severe infec-
tions or disseminated neoplasm and presents not only with 
hemolysis but also with a consumptive coagulopathy [29]. The 
presence of red cell fragmentation, thrombocytopenia, a pro-
longed prothrombin time and prolonged partial thromboplastin 
time, and hemosiderinuria suggests this diagnosis. Treatment 
of DIC entails treating the underlying disorder, as well as blood 
product support (including fresh frozen plasma and cryopre-
cipitate as needed). TTP is characterized by the pentad of fever, 
intravascular hemolysis, thrombocytopenia, neurologic symp-
toms, and renal dysfunction [30, 31]. In contrast to DIC, in 
TTP, both the prothrombin time and partial thromboplastin 
time are normal. Early diagnosis is imperative, as TTP responds 
very well to treatment with plasmapheresis [29, 32].

Hemolysis is also associated with prosthetic heart valves. 
In different series, the incidence of hemolysis varies from 5 to 
35% and is conditioned by a variety of factors, most of which 
relate to the type of valve implanted and to the hemodynamic 
conditions following implantation [33]. However, the anemia 
is seldom severe, and both the presence and degree of hemoly-
sis is assessed on the basis of the level of serum lactic dehy-
drogenase and serum haptoglobin and the presence and 
amount of reticulocytes and schistocytes in the peripheral 
blood. Treatment of hemolysis includes the supplementation 
of iron and folate when their deficiency is evident. The use of 
b-blockers appears to decrease the severity of hemolysis, 
likely because of the induction of bradycardia and of their 
negative inotropic effects. In a recent report of 278 patients, 
for both mitral and aortic valves, at 12 months, mild subclini-
cal hemolysis was identified in 26% of patients with a mechan-
ical prosthesis and 5% with a bioprosthesis (P < 0.001) [33].

Hemostasis and Thrombosis

Platelet counts do not change with aging, but the concentra-
tions of a large number of coagulation enzymes have been 
shown to increase with age [34]. These include factors VII, 
VIII, and fibrinogen. In centenarians, highly significant 
increases in the concentrations of these factors are noted, as 
are levels of factors IX, X, and thrombin–antithrombin com-
plexes. Fibrin formation is also increased, as evidenced by 
higher concentrations of fibrinopeptide A. In addition, ele-
vated levels of d-dimers suggest increased hyperfibrinolysis. 
Hyperhomocysteinemia, secondary to low B

12
 levels, is also 

more common in the elderly. Thus, aging may be accompa-
nied by increased hypercoagulability, as supported by 
Silverstein’s retrospective review, demonstrating an increase 
in the incidence of deep vein thrombosis (DVT) and pulmo-
nary embolism (PE) in the elderly [35].

The coagulation cascade can be viewed as two intimately 
related processes. The first is the formation of the platelet 

plug that occurs with vascular injury when the basement 
membrane is exposed to blood and platelets. Adherent plate-
lets attract fibrinogen to bind together multiple platelets along 
with von Willebrand Factor (vWF) that attaches to platelet 
glycoprotein IIB/IIIA. This process causes primary hemosta-
sis. The second simultaneous process is activation of the clot-
ting cascade, which results in conversion of fibrinogen to 
fibrin by thrombin, allowing the fibrin to crosslink, thereby 
making the primary plug stronger. A comprehensive review 
of the clotting cascade is beyond the scope of this chapter, but 
it is well summarized in Alving and Kitchens [36]. There are 
multiple sites along this cascade that both drugs and disease 
act to either disrupt or facilitate hemostasis. We first discuss 
the most common causes of excessive bleeding in the elderly 
surgical patient and then follow with the most common causes 
of excessive clotting or thrombophilia. Table  5.2 lists the 
most common causes of bleeding and clotting in the elderly.

Bleeding Diathesis

Unexplained bruises, repeated nosebleeds, gastrointestinal 
losses, or excessive blood loss during surgery or following 

Table 5.2  Disorders of bleeding and clotting

Disorders of bleeding

Acquired Congenital

Common von Willebrand’s disease
Drugs-iatrogenic
Sepsis
DIC
Malnutrition, vitamin K deficiency
End-stage liver disease
Loss of elastin/structural
Chronic renal insufficiency

Unusual
ITP
Factor VIII inhibitor
Fibrinolysis after bladder or liver  

surgery

Disorders of clotting in the elderly
Acquired Congenital

Common Prothrombin Gene mutation
Lupus anticoagulant Factor V Leiden
Central venous catheters
Drugs-estrogens
Heparin-induced thrombocytopenia
Malignancy, especially pancreatic,  

ovarian, glioblastoma Multiforme  
(GBM)

Immobility, venous stasis

Unusual
Essential thrombocytosis
Paroxysmal Nocturnal Hemoglobinuria
Polycythemia Vera
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dental extraction are common presentations. In these patients, 
screening platelet counts and coagulation studies should be 
obtained.

Platelets

Thrombocytopenia is a common cause of bleeding problems 
in older persons [32]. A level less than 100,000 per mL is 
considered significant, but bleeding usually occurs at much 
lower levels. Common causes include decreased production 
of platelets in the bone marrow, sequestration in enlarged 
spleens, and increased peripheral destruction. Decreased pro-
duction of platelets in older persons is most commonly asso-
ciated with drugs that suppress platelet production. The major 
cause of increased peripheral destruction is immune throm-
bocytopenia, secondary to either drugs or an underlying lym-
phoproliferative disorder [37, 38]. Tests of platelet aggregation 
are useful in detecting disorders of platelet function.

Treatment of thrombocytopenia depends upon the cause. 
For decreased production, platelet transfusion should be 
considered if there is significant blood loss, irrespective of 
the platelet count. Generally, spontaneous bleeding occurs 
when the count drops to 20,000 per mL or less. Immune 
thrombocytopenia is typically treated with a trial of corticos-
teroids and/or IVIG. Isolated thrombocytopenia in the elderly 
person should prompt a workup to exclude MDS. DIC and 
TTP are also important causes of thrombocytopenia in the 
elderly group, which ought to be recognized and treated 
appropriately. For most surgical procedures, the platelet 
count should be maintained over 75,000–100,000 per mL 
(see under “Blood Products and Transfusions”) [39]. Platelet 
function disorders, although uncommon, can cause signifi-
cant bleeding and are often medication-related. Patients on 
treatment with either vitamin K antagonists or oral direct 
thrombin inhibitors are also prone to bleeding in the context 
of supratherapeutic dosing. The common offending agents 
include:

	(i)	 Aspirin (ASA), which causes irreversible, noncompeti-
tive inhibition of cyclooxygenase (COX), an enzyme 
necessary for the formation of thromboxane, a prosta-
glandin that activates platelets. ASA is a more potent 
inhibitor of COX-1 than it is of COX-2. COX-1 is the 
enzyme that catalyzes thromboxane, while COX-2 is 
the enzyme that catalyzes prostacyclin, a prostaglandin 
that causes platelet inhibition and vascular dilation. 
Given that this action is irreversible and given that 
platelets have a half-life of 5–7 days, aspirin should be 
held for 7 days prior to an intervention expected to 
cause bleeding. NSAIDS inhibit both COX-1 and COX-
2, and given that they are competitive inhibitors, their 
action is shorter than that of aspirin. Additionally, the 

NSAIDs do not cause the same degree of platelet inhi-
bition as aspirin does.

	(ii)	 Clopidogrel (Plavix) is a medication used for platelet 
inhibition in atherosclerotic disease of the heart, brain, 
or peripheral arteries. It acts by inhibiting the binding of 
ADP to the platelet which normally results in platelet 
activation. This inhibition remains for the life of the 
platelet and thus the action of clopidogrel is irreversible 
[40]. Hence, in the event of bleeding, the only available 
treatment is platelet transfusion.

	(iii)	 Vitamin K antagonists (VKA) such as Coumadin are 
medications used to inhibit the production of clotting 
factors II, VII, IX, and X, as well as protein C and pro-
tein S. Bleeding secondary to overanticoagulation is not 
uncommon. Fortunately, VKAs can be reversed either-
immediately by giving the patient fresh frozen plasma 
or nonemergently by giving excess vitamin K orally or 
intravenously.

	(iv)	 Thrombin inhibitors: these are new medications [41] 
including lepirudin, argatroban, and bivalirudin which 
directly inhibit thrombin rather than acting through 
antithrombin as heparin does. They are used in patients 
who have been diagnosed with heparin-induced throm-
bocytopenia (HIT). As discussed below, HIT is para-
doxical in that despite a declining platelet count, the 
risk for thrombosis is increased. This is due to an 
immune reaction resulting in platelet clumping. In these 
patients, it is necessary to give anticoagulants until the 
platelet count rises above 150,000 or longer if the 
patient has a resultant clot.

Hereditary Factor Deficiencies

Unprovoked bleeding may also be caused by hereditary 
von Willebrand’s disease, which may present initially in 
older persons. The disease is caused by a reduction in con-
centration of von Willebrand’s factor (vWF) that is accom-
panied by reductions in factor-VIII concentrations. vWF is 
essential for normal platelet function, and so bleeding 
occurs because of a platelet function defect. Acquired von 
Willebrand’s disease, although rare, is a disease of older 
persons. It is commonly associated with monoclonal gam-
mopathies, lymphomas, or myeloma [42, 43]. When treat-
ment is necessary, desmopressin acetate (DDAVP) may be 
used for type I vWF. Type II disease, which is character-
ized by normal concentration of an abnormal protein, 
requires individualized treatment. DDAVP is a synthetic 
analog of arginine vasopressin that stimulates endothelial 
cells to release stored vWF. Treatment is often successful, 
but adverse effects are common. In this instance, factor 
VIII concentrates that have high doses of vWF should be 
used [44].
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Acquired Factor Deficiencies

Bleeding can also occur because of clotting factor deficien-
cies, which in the elderly person are usually acquired and 
caused by the presence of circulating clotting factor inhibi-
tors. The most common is an acquired inhibitor to factor 
VIII. The onset is often sudden, titers to anti-factor VIII anti-
bodies can be very high, and presentation is with bleeding 
into joints and muscle, similar to that in hemophilia A [45]. 
The characteristic laboratory abnormality is a prolonged 
PTT that does not correct with a mixing test. Treatment 
involves factor replacement. Depending on the severity, 
prednisone or cyclophosphamide may also be needed.

Deficiency of the vitamin K-dependent clotting factors 
tends to occur in older persons with major illnesses. Disorders 
of the hepatobiliary tree, antibiotics that neutralize bowel 
bacteria (a major source of the vitamin), malabsorption, and 
severe malnutrition are the causes. Even if the patient was 
not prescribed warfarin, inappropriate use must be consid-
ered. The deficits are readily treated with vitamin K. Liver 
disease must always be considered in patients who present 
with excessive bleeding. The prothrombin time is prolonged 
even in mild to moderate liver disease. The partial thrombo-
plastin time remains normal until liver disease becomes 
severe. With the exception of factor VIII (which is produced 
by endothelial cells), liver disease causes reductions in all 
clotting factors. Liver disease is also associated with DIC. 
Fibrin degradation products are not cleared as well, and 
platelet function may be affected. The treatment of a bleed-
ing diathesis in liver disease is fresh frozen plasma [44]. A 
bleeding disorder will be thought of only if it is appropriately 
included in a differential diagnosis. This particularly applies 
to chronic blood loss from the gastrointestinal system. In 
patients for whom endoscopic evaluation does not identify a 
cause, careful evaluation of platelets, including platelet func-
tions and coagulation, should always be considered.

Workup of a Patient with a Bleeding Disorder

The cornerstone of the workup remains a thorough personal 
and family history. This helps narrow the differential into an 
acquired or congenital coagulopathy. In the elderly patient 
without a history of bleeding, a coagulopathy is likely to be 
acquired if hemostatic stress has been tolerated in the past. 
To that end, care must be taken to ask about childbirth, types 
of prior surgery including dental extraction, and any blood 
products required after any surgical procedure.

All patients with a new bleeding disorder should have a 
CBC and PT/PTT performed. If those tests are unrevealing, 
hematology consultation should be requested to evaluate for 
more unusual problems. If the PT or PTT is prolonged, a 

mixing study should be obtained to determine if there is a 
factor deficiency or the presence of a circulating inhibitor. If 
the CBC reveals a thrombocytopenia that is a potential con-
tributor, care must be taken with both current and recent 
medications to exclude an iatrogenic cause.

Thrombophilia

The risk for unprovoked venous thromboembolism increases 
with age [34, 46]. There is a constant balance in our body 
between clotting and fibrinolysis to maintain homeostasis. 
Aging and the diseases associated with it alter this balance 
through several different mechanisms. The LITE study 
(Longitudinal Investigation of Thromboembolism etiology) 
evaluated cohorts from two separate studies to determine the 
risk factors for thromboembolism: Atherosclerosis Risk In 
Communities (ARIC) study and the Cardiovascular Health 
Study (CHS). Analysis of those combined cohorts identified 
a clear increase in incidence of venous thromboembolism 
with age [47, 48]. A detailed discussion regarding the inher-
ited causes of thrombophilia (including Protein C, S, and 
Antithrombin C deficiency) are beyond the scope of this 
review and may not be especially pertinent to the elderly 
population. However, the acquired causes of thrombophilia 
are pertinent and are especially helpful to determine the risk 
of postoperative venous thrombosis in an elderly surgical 
patient. Some of the common causes of acquired thrombo-
philia in the elderly are listed in Table 5.3.

Acquired thrombophilia may be either drug-related (estro-
gens, heparin, thalidomide, lenalidomide, etc.) or secondary 
to disease. Cancer increases the risk of thrombosis through 
increased production and expression of tissue factor and other 
procoagulable factors, which trigger the coagulation cascade. 
Some malignancies, such as pancreatic adenocarcinoma, 
ovarian cancer and glioblastoma multiforme have especially 
high rates of thrombosis, approaching a 5–6% incidence 

Table 5.3  Common causes of acquired thrombophilia in the elderly

Malignancy – all, but especially ovarian, pancreatic, glioblastoma 
multiforme (GBM)

Immobility, venous stasis
Smoking
Thalidomide treatment for myeloma
Lupus anticoagulant
Paroxysmal nocturnal hemoglobinuria (PNH)
Lupus anticoagulant
Nephrotic syndrome with ATIII deficiency/loss
Central venous catheters
Intimal injury
Myeloproliferative disorders (CML, ET, PV, IMF)
Hormone replacement therapy (maybe)
Heparin-induced thrombophilia
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among patients with metastatic disease [47]. These tumors 
occasionally present with thrombosis as the sentinel event in 
their cancer diagnosis. Moreover, once diagnosed, the several 
treatments for malignancy increase the risk of thrombosis. 
One such example is the use of thalidomide and lenalidomide 
(Revlimid) for the treatment of multiple myeloma [49]. 
Cytotoxic chemotherapy through the destruction of tumor 
and the resultant spillage of tissue factor into the circulation 
may increase the risk of thrombosis. Immobility and venous 
stasis further increase the risk of clot, as does venous stasis 
from a bulky pelvic lymphadenopathy and/or tumor.

Heparin-Induced Thrombocytopenia [50]

HIT is an immune disorder that causes platelet clumping and 
activation. This clumping and activation causes a reduction 
in the circulating platelet count while increasing the risk for 
both arterial and venous clotting. Patients who are on chronic 
heparin are the least likely to develop HIT, while those 
undergoing large joint repair or replacement with postopera-
tive heparin are the most likely to develop HIT. Definitive 
diagnosis is challenging in that the most available test, the 
platelet factor 4 antibody test, has a high false positive rate. 
Therefore, the patient’s pretest probability has to be taken 
into account when interpreting the test. The pretest probabil-
ity is derived by evaluating four factors – timing of heparin 
(usually 5–10 days after initiation), rate and magnitude of 
thrombocytopenia (a 50% drop in platelets and a count of 
>20,000), thrombosis or skin necrosis, and lack of alterna-
tive causes of thrombocytopenia [51]. This 4 T’s scoring sys-
tem for the evaluation of HIT has recently been validated 
both retrospectively and prospectively (Table  5.4). If the 
diagnosis of HIT is likely, patients should be started on a 
direct thrombin inhibitor while waiting for the result of the 
test. If the PF4 antibody test is discordant with the clinical 
picture, a confirmatory test, the serotonin release assay, can 
be done. It has a high specificity, but a low sensitivity. 
Unfortunately, this test is done in only a few reference labo-
ratories in the country and seldom impacts clinical manage-
ment in real time.

The Lupus Anticoagulant [52, 53]

The Lupus anticoagulant (LAC) is a contradictory term in 
that it gives rise to a procoagulant state and can occur in 
patients without lupus. It is due to acquired antibodies to 
phospholipids that can cause an increase in laboratory param-
eters (PT and PTT) used for assaying time to clotting. These 
circulating antibodies interfere with the phospholipids 
reagents used in the in vitro assays, causing a prolongation of 
the PT and/or PTT. In contrast, “in vivo,” these antibodies 
have the potential of binding procoagulation factors and trig-
gering the clotting cascade. The classic presentation is that 
of a patient with prolonged aPTT, either asymptomatic or in 
the setting of a recently diagnosed unprovoked clot. While 
the diagnosis of LAC in a patient with thrombosis should 
prompt initiation of anticoagulation, the asymptomatic pres-
ence of a LAC does not require prophylactic anticoagulation. 
In terms of surgical prophylaxis, patients with a clear history 
of a clot in the past and a positive LAC need aggressive post-
operative DVT prophylaxis if they are not already on antico-
agulation. Management of perioperative anticoagulation is 
beyond the scope of this text, but the reader is directed 
towards an excellent review of the recently published guide-
lines from the ACCP [54], summarized in Table 5.5.

Myeloproliferative Disorders [55]

The Philadelphia chromosome-negative chronic myeloprolif-
erative disorders, namely, polycythemia vera (PV), essential 
thrombocythemia (ET), and idiopathic myelofibrosis (IMF), 
occur primarily in the elderly age group and are characterized 
by the involvement of a multipotent hematopoietic progenitor 
cell. Marrow hypercellularity, overproduction of one or more 
marrow lineages, thrombotic and hemorrhagic diatheses, 
exuberant extramedullary hematopoiesis, and a slow rate of 
spontaneous transformation to acute leukemia are hallmarks 
of these disorders. Thus, PV [56] (excess production of red 
cells), ET [55] (excess production of platelets), and IMF [57] 
(extramedullary hematopoiesis) have a long natural history, 
distinguishing them from chronic myeloid leukemia, the 

Table 5.4  Pretest probability of HIT: the 4 T’s score

Points 2 1 0

Thrombocytopenia >50% drop; nadir > 20K 30–50% drop; nadir 10–19K <30% drop; nadir < 10K
Timing of drop in platelets 5–10 Days >10 days <4 Days (1st exposure)
Thrombosis Yes Suspected None
OTher causes of low platelets None Possible Definite
Source: Adapted from Pouplard et al. [51], with permission from Wiley-Blackwell
Score 0–3: <5% likelihood of HIT
Score 4–5: 10–30% likelihood of HIT
Score 6–8: 40–80% likelihood of HIT
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Philadelphia chromosome-positive myeloproliferative disor-
der, which progresses and transforms much more rapidly. 
The main cause of morbidity and mortality in PV and ET is 
thrombosis, which occurs more commonly in older patients 
or in those with previous vascular complications. Severe 
bleeding is rare and limited to patients with a very high plate-
let count or to those taking antiplatelet drugs. Since there is 
no curative therapy for PV and ET, the goals of therapy are to 
minimize thrombotic and bleeding risk and prevent progres-
sion to marrow fibrosis or acute leukemia, or both.

The risk of thrombotic events in PV is highest in patients 
aged 60 years or older and those with a prior history of 
thrombosis. The Italian PV study group demonstrated a 3.4% 
yearly risk of thrombosis following diagnosis. The recom-
mendations for the treatment of PV are as follows: (a) phle-
botomy in all patients to keep the hematocrit below 45% and 
(b) myelosuppressive agents in patients at high risk of throm-
bosis (>60 years of age) and in those with excessive phle-
botomy requirements. Finally, all patients with PV should be 
treated with low-dose aspirin, as there is a 59% reduction in 
cardiovascular mortality, with a nonsignificant risk of 
increased bleeding. The incidence of thrombotic and hemor-
rhagic complications in ET ranges from 7 to 17% and 8 to 
14%.respectively. Age over 60 years, a prior thrombotic 
event, and a long duration of thrombocytosis are the major 
risk factors for thrombotic events. A very high platelet count 
(1.5 million/cmm) is a risk factor for both thrombosis and 
bleeding. Consensus-based practice guidelines for ET 
include: (a) observation in asymptomatic low-risk patients 
with platelet counts below 1.5 million/cmm, (b) hydroxyurea 
plus aspirin in high-risk patients with a platelet count over 
1.5  million/cmm. Anagrelide, a new antiplatelet agent, is 
also very effective at reducing high platelet counts. However, 
its efficacy as compared with hydroxyurea in reducing 
thrombotic events remains to be proven in a randomized 
controlled trial. An elderly patient with PV or ET should 

have a hematology consultation prior to surgery. Management 
for the elderly surgical patient with PV or ET has to be 
individualized based on prior thrombosis history, current 
platelet count, type of surgery, risk of anticoagulation, etc.

Mechanical Causes

Central venous catheters (CVC) also increase the risk of 
thrombosis through several mechanisms including foreign 
body reaction, local stasis, and intimal injury. For patients 
with symptomatic clot, most clinicians treat by first removing 
the catheter. The current ACCP (American College of Chest 
Physicians) guidelines [54] recommend treating an upper 
extremity clot in the same manner as a lower extremity clot. 
Therefore, catheter removal is most often supplemented with 
anticoagulation. For symptomatic patients in whom the CVC 
is critical, catheters may be left in place and the clot treated 
with anticoagulants, usually delivered through the line. Since 
many of these cases are complex, decision making about cath-
eter removal and anticoagulation needs to be individualized.

Two other important questions often arise when discuss-
ing central venous catheters. The first is whether patients 
with CVCs benefit from prophylaxis with low-dose Coumadin 
prior to the formation of a clot. Unfortunately, data regarding 
primary prevention with Coumadin is conflicting [58]. The 
second centers on whether patients with asymptomatic clots 
should be treated. Treatment of asymptomatic clots is also 
controversial, given the high frequency with which the ends 
of catheters become clogged with fibrinous debris. The 
ACCP [54] makes a distinction between those clots that do 
not cause swelling and those clots that do and recommends 
treating clots that cause swelling. What is less clear is what 
do to about large, asymptomatic clots found on routine imag-
ing that do not cause swelling. Most clinicians would treat 
patients with symptomatic clot in a CVC and remove the 
catheter if the indication for placement has expired. However, 
the most common scenario is a patient who continues to 
require a CVC and develops a symptomatic clot.

Workup of a Patient with a Clotting Disorder

In a patient with a new unprovoked clot, attention should be 
given to finding an underlying cause for clotting. In the elderly 
patient, this is most likely to be due to an acquired cause 
(Table 5.2). The first course of action is to check a CBC and 
PT/PTT. A prolonged PTT in a patient with a recent clot is 
highly suggestive of the antiphospholipid syndrome (aka lupus 
anticoagulant). However, 40% of patients with a LAC do not 
have a prolonged PTT, so additional testing is required for 
evaluation. A high hemoglobin or platelet count in a patient 

Table 5.5  AACP guidelines for prevention of venous thrombosis

Type of surgery Recommendation

Hip or knee replacement LMWH or Arixtra starting 12–24 h 
after surgery, or VKA started 
the evening before surgery

Hip-fracture surgery LMWH, LDUH, or VKA
Length of anticoagulant for hip  

or knee surgery
>10 Days up to 35 days

General surgery low risk Early ambulation
General surgery mod-high risk LMWH, LDUH tid, Arixtra
At risk for both bleeding/

thrombosis
Mechanical thromboprophylaxis 

with GCS and IPC
LMWH low-molecular-weight heparin, i.e., enoxaparin (Lovenox) or 
dalteparin (Fragmin); LDUH low-dose unfractionated heparin; VKA 
vitamin K antagonist, i.e., Coumadin; GCS graduated compression 
stockings; IPC intermittent pneumatic compression; ACCP American 
College of Chest Physicians
Source: Data from Geerts et al. [54]
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with a recent clot is suggestive of one of the myeloproliferative 
disorders mentioned above (PV or ET). Lastly, pancytopenia 
with a recent unexplained clot should prompt concern for par-
oxysmal nocturnal hemoglobinuria (PNH), a stem cell disor-
der. Ideally, testing for thrombophilias should be ordered prior 
to anticoagulation. If there is a concern about what tests to 
send, draw three blue top tubes from the patient and set aside 
on ice prior to initiating anticoagulation. Anticoagulation is 
typically initiated with a heparin, either unfractionated (intra-
venous) or low-molecular-weight heparin (LMWH) [59]. 
LMWH is easy to administer (subcutaneous), can be given in 
an outpatient setting, and does not require regular monitoring 
like heparin. However, its half-life is much longer and it can-
not be reversed as easily with protamine. Therefore, the spe-
cific clinical situation will dictate which initial heparin is used 
to eventually bridge to Coumadin [60]. In the presence of a 
history of HIT, initial anticoagulation needs to be initiated with 
a direct thrombin inhibitor (DTI). The choice of a DTI is often 
dictated by the presence or absence of normal renal and liver 
function [41].

Blood Products and Transfusions  
[32, 39, 44, 61, 62]

Blood products commonly available for transfusion include 
packed red blood cells (pRBC), platelets, plasma, cryopre-
cipitate, and recombinant clotting factors. These products 
are made by separating single units of blood from donors. 
Platelets acquired from one donation are pooled into a larger 
unit along with 3–4 other donors. One unit of pRBCs is 
expected to increase the hemoglobin of a 70-kg patient by 
1 g/dL. One 4–5 pack of platelets is expected to increase the 
platelet count of a 70-kg patient by 10 × 109 cells/L).

The indications for transfusion have changed over the last 
decade, bear repetition, and are summarized in Table  5.6 
[61]. It has been previously felt to be advantageous for sicker 
patients to have a hemoglobin level closer to 10  g/dL, to 
allow for maximum oxygen exchange. Hebert et  al. 
have recently compared an aggressive versus a restrictive 

transfusion regimen in critically ill patients and found the 
restrictive strategy to be at least as effective and possibly 
superior with a lower hospital mortality rate among those in 
the restrictive group (22.2% vs. 28.1%, P = 0.05) Therefore, 
most clinicians feel that in patients who are not actively 
bleeding, who have not received myelotoxic treatment, and 
who are not having active cardiac or cerebral ischemia, the 
transfusion threshold should be closer to or below 8 g/dl [32, 
61] However, in the elderly patient with compromised car-
diac function, a higher hemoglobin threshold for transfusion 
may be appropriate, i.e., Hb at or around 10 g/dl.

Platelet transfusions occur in two broad categories – 
prophylactic, to prevent spontaneous bleeding or bleeding 
during a procedure, and therapeutic, when a patient is actively 
bleeding with a low platelet count. The current consensus is 
that the platelet count should be over 50 × 109/L for surgical 
procedures and over 100 × 109/L for neurologic and ophthal-
mologic procedures. Most consensus papers adhere to these 
guidelines [39].

Transfusion of plasma products for prophylaxis for a pro-
cedure is another common hematologic question in the sur-
gical setting. Thus, fresh frozen plasma (FFP) contains 
normal levels of all coagulation factors and is typically 
administered at a dose of 10–20 mL/kg (3–6 units), to cor-
rect a significant coagulopathy. Indications for the use of 
FFP include: (a) active bleeding/invasive procedure with 
PT > 3 s above normal (INR > 1.5), (b) massive transfusion 
and bleeding with proven coagulopathy, (c) congenital defi-
ciency of factors II, V, X, XI, XII, or XIII, (d) emergency 
reversal of warfarin overdose, since immediate oral or intra-
venous vitamin K reversal takes 6–8 h, and (e) in the setting 
of plasmapheresis for TTP. The volume of one unit of plasma 
is approximately 220 mL. Since plasma stays in the vascular 
space, caution should be used in those patients prone to vol-
ume overload [44].

Other types of blood products include cryoprecipitate as 
well as factor replacements and most recently activated fac-
tor VII, which can be used to overcome factor VIII inhibitors 
found in patients with hemophilia or in the elderly. Each unit 
of cryoprecipitate (15–20  mL) contains (a) fibrinogen 
(150–250 mg), (b) vWF, factor VIII (80–100 units), (c) fac-
tor XIII, and (d) fibronectin. Typically, it is administered as a 
pool of 6 units. Indications for the use of cryoprecipitate 
include: severe DIC, congenital or acquired hypofibrinogen-
emia, and uremic bleeding diathesis unresponsive to DDAVP 
[44, 63]. It is no longer used for von Willebrand’s Disease or 
hemophilia due to availability of factor concentrates. 
Evidence-based guidelines for blood product administration 
are reviewed in more detail in the references listed above.

In summary, aging is associated with an increasing inci-
dence of anemia and an increasing frequency of problems 
associated with hemostasis and thrombosis. The latter, par-
ticularly in the perioperative setting, can be challenging and 
require timely hematologic consultation.

Table 5.6  Indications for transfusion

Transfusion type Trigger Grade of evidence

Anemia in the steady state 7 g/dL RCTa

Plasma for coagulopathy INR ³ 1.5 Lab/correlative
Platelets for major surgery 50 × 109/L Consensus
Platelet for neuro- or  

ophthalmologic surgery
100 × 109/L Consensus

Platelets for prophylaxis in AML 10 × 109/L RCTb,c

RCT randomized clinical trial
aHebert et al. [61]
bRebulla et al (1997) NEJM 337(26):1872–1875
cWandt et al (1998) Blood 91(10):3601–3606
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Optimal nutritional support in the geriatric population, of 
which I am a grateful living member, is obviously important 
not only for the maintenance of optimal structure, body 
composition, cellular and system function, health, well-
being, and life style, but also for productive longevity and 
vitality. Life itself, the quality of life, and living life to its full 
capacity are all clearly dependent upon, and related to, the 
quality of all aspects of nutritional support and fitness.

Nutrition support is an amalgamation of art and science, 
as is the rest of the broad field of medicine including geriatrics. 
Both had their origins in curiosity, empirical observations, 
ideals, concepts, philosophy, innovation, experimentation, 
and the application of newly accumulated and evaluated 
knowledge to practical use. This has been the basis for the 
practice of medicine for millennia, and advances have been 
made arithmetically and tediously for hundreds of years until 
the late nineteenth century and early twentieth century, when 
discovery, creativity, science, and technology virtually 
exploded, and have continued to advance logarithmically to 
the current day. Moreover, this rapid increase in knowledge 
and technology is likely to continue in the foreseeable future 
and has a significant influence on the application of nutri-
tional support to the practice of geriatrics, especially geriatric 
surgery.

When I was a first year surgical resident in 1962 at the 
Hospital of the University of Pennsylvania, I experienced an 
epiphany from which I have not recovered nor deviated to 
this day. While caring for the complex, critically ill patients 
of my chair and mentor, Dr. Jonathan E. Rhoads, on a par-
ticularly devastating weekend, I was unable to support them 
adequately after technically successful major operations per-
formed earlier that week, and despite my best efforts to pro-
vide them with the highest possible state-of-the-art care 
available in that venerable tertiary care academic institution 
at that time, three of the patients, all elderly in their seventh 

and eighth decades of life, died. I was disheartened, 
disappointed, and discouraged by my helplessness and 
ineffectiveness in achieving success in our therapeutic goals, 
and I unabashedly expressed my frustrations to Dr. Rhoads 
on rounds afterward. Indeed, I informed him that this series 
of ultimate failures indicated to me that I was not likely to 
become an effective surgeon and that I was seriously consid-
ering leaving the surgical residency to train in another spe-
cialty or even a different profession. Dr. Rhoads listened 
patiently to my lamentations, and then gave me the most sig-
nificant tutorial of my life. He explained to me that surgical 
operations were only one important part of patient care: that 
the procedures undertaken might have been maximally tech-
nically proficient, but that the patients could not withstand 
the sum of the series of insults imposed by the pathophysio-
logic condition, the major operative injury (sometimes 
multiple within a short time period), the general anesthetic 
side effects, the associated comorbidities, complications 
including pneumonia and sepsis, and the resultant poor nutri-
tional and metabolic state. Indeed, he pointed out to me that 
the common denominator contributing to the death of these 
patients was clearly malnutrition, which severely compro-
mised their ability to recover, to restore normal cellular 
function, and to survive, and even though the operation was 
a technical success, the overall functional reserve capacity of 
the patient was exhausted beyond the requirements essential to 
provide endogenous substrates to support immunocompe-
tence, healing, and vital bodily functions. Essentially, 
although the patients starved to death, they manifested their 
malnutrition clinically and functionally by serial failure of 
their cellular and system functions. This concept, of which 
I had not previously been aware, was not only surprising, but 
also foreign and difficult for me to accept initially. After all, 
the surgical mantra at that time was, “cut well, sew well, do 
well.” The master had patiently and skillfully converted what 
started out to be quite a negative encounter to the most posi-
tive turn-around in my embryonic career. My life was forever 
transformed from that moment, and I have pursued the “holy 
grail” of providing optimal nutrition to all patients from that 
point forward and will likely be obsessed with attempting to 
perfect the technology and results until my own end.
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I owe much to the many geriatric individuals I have had 
the privilege of having as patients throughout my career for 
all that they have taught me in so many ways. My experi-
ences with them have served to forge a body of knowledge, 
skills, expectations, and more importantly, an attitude that if 
you give them the opportunity and a little help and direction, 
that there is virtually no limit to what they can accomplish 
within the realm of human possibility. Contrarily, in a man-
ner analogous to premature infants, if you ignore their needs, 
are inattentive to them for too long a time, or do not provide 
them with the critical support they require in adequate 
amounts and for critical periods of time, then they are likely 
to slip through your fingers and be irretrievably lost. Nowhere 
is the old adage more relevant, “be where you are supposed 
to be, when you are supposed to be there, fully prepared and 
willing to do what you are expected to do, as well as you can 
do it.” Without an appropriate attitude and timing, all of the 
skills acquired from mastery of the “six competencies” of 
education and training will fall short of expectations, and of 
the potentials both of the patient and the caregiver.

Early in my training, I met a 97-year-old woman in the 
emergency department with acute upper abdominal distress. 
She proved to have multiple gallstones in an inflamed gall-
bladder together with secondary pancreatitis. The medical 
service consulted our surgical service pro forma, indicating 
that this “ancient” lady had an obviously lethal situation 
from which she would not likely recover, and that a surgical 
procedure would only accelerate her demise. But they, none-
theless, consulted us out of courtesy and for reinforcement of 
their decision rather than for surgical intervention. However, 
she was an intelligent, strong, and delightful lady with a pos-
itive outlook and supportive family who all wanted our best 
help and services. I admitted her, resuscitated her, started her 
on antibiotics, initiated pulmonary toilette procedures, and 
confirmed the adequacy of her hematologic and biochemical 
indices, together with an appraisal of her renal, kidney and 
cardiopulmonary functions. She responded to the supportive 
measures much to our satisfaction, and the next day I removed 
her gallbladder under local anesthesia supplemented by mild 
analgesics and sedatives. She rebounded amazingly well and 
left the hospital for home in 5 days. All she needed was ade-
quate supportive preoperative and postoperative care and the 
chance to show that she had the strength, will, and reserve to 
overcome this major threat to her life. She was “the talk of 
the hospital” for quite some time and a great source of satis-
faction to me and the surgical service. She celebrated her 
100th birthday anniversary with us a few years later to our 
mutual great joy.

In a cadre of 39 patients with end-stage malignancies and 
malnutrition secondary to their pathophysiologic processes, 
and compounded further by surgical procedures, chemother-
apy, radiotherapy, and combinations thereof, we undertook a 
study of the feasibility of attempting to meet nutritional 
requirements by infusing moderately hypertonic (5–15%) 

nutrient solutions by peripheral vein in volumes of 5 L per 
day while giving intravenous diuretics to help excrete the 
excess water administered as a vehicle for infusing the nutri-
ents. The vast majority of these patients were in their sev-
enth, eighth, and ninth decades of life, many of them were 
cathectic, and all of them were aware that they would not 
likely benefit from the study and perhaps might even be 
harmed by fluid and electrolyte aberrations, pulmonary 
edema, congestive heart failure, infection, thrombophlebitis, 
sepsis, etc. Nonetheless, this seemingly fragile, debilitated, 
incurable group of mostly geriatric patients demonstrated the 
courage, strength, determination, hope, and desire to be 
useful in the generation of new medical knowledge and expe-
rience, such that they participated willingly, conscientiously, 
and enthusiastically in this clinical experiment.

They all improved their strength, sense of well-being, 
ambulation, self-help, hygiene, and overall quality of hospi-
tal life to the point that several of the patients and/or their 
families began to express the thought that the parenteral 
feeding solution might be “curing” their cancers. This was 
most likely related to the anabolic effect of the nutrient 
energy substrates on their body cell mass and systems, but 
also in part, secondary to the fact that the health care team 
was much more involved with them, was keenly interested in 
them, spent much more time with them, and obviously cared 
about them. In some instances, we felt morally and ethically 
obligated to inform the patient and/or family sadly that the 
improved mental, physical, and emotional response they 
were witnessing was a caloric and balanced nutrient effect 
rather than an anticancer effect so as not to promote false 
hope or unfairly raise their expectations for a cancer cure. 
I remain grateful to this courageous, caring, unselfish group 
of patients and their families to this day. Furthermore, my 
experiences with them have convinced me of the importance 
of providing optimal nutrition and support to geriatric 
patients, even when they are likely to succumb imminently 
or ultimately to their underlying nonneoplastic or neoplastic 
pathologic disorder.

Thus, I have developed the philosophy over the years that 
there is more to the nutritional support of the cancer patient, 
especially the geriatric cancer patient, than the current sci-
ence and clinical practice of medicine and surgery mandate 
or justify unequivocally. The emotional and psychological 
support of the patient and their significant others and the 
socially important aspects of food or nutrient intake and 
“breaking bread” with family and friends cannot be denied. 
These needs do exist, and we must address and do something 
about them rather than ignore them, as is all too often done. 
After we have exhausted all possibilities of providing rea-
sonable, rational, or justifiable specific antineoplastic, and/or 
nutritional, therapy for the patient with an inexorably lethal 
cancer, it is of utmost importance that we never abandon the 
patient or the family, and at the very least, continue to support 
them, bond with them, relieve their guilt, and above all, 
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reinforce their faith in our humane and core values simply by 
“being there” for them and providing a feeling of comfort 
and hope that cannot otherwise be accomplished. The fron-
tiers for specialized nutritional support of geriatric patients, 
especially geriatric cancer patients await our exploration, 
discovery, and judicious clinical applications.

Another illustrative vignette that I would like to share is 
related to the importance of will and determination on the 
part of seriously ill elderly patients in making difficult clini-
cal judgment decisions. Even if we cannot cure them, and 
might actually accelerate their demise by our interventions, 
we must discuss all of the options with the patient and fam-
ily and be tolerant of their right to make choices that may 
expose the patient to significant risks with major surgical 
treatment. This is especially true when taking no action will 
inevitably result in death. For example, at the Philadelphia 
VA Hospital, I had an 80-year-old patient with COPD who 
developed a squamous cell carcinoma in his left mainstem 
bronchus. His split pulmonary functions indicated that he 
would have marginally adequate ability to survive with only 
his right lung if he underwent left pneumonectomy. He was 
an avid Pennsylvania deer hunter who enjoyed hunting with 
his sons and his grandsons virtually as a family tradition. He 
knew from our discussions that he had a highly lethal condi-
tion, might not survive a pneumonectomy procedure, and 
certainly could not entertain rationally the thought that he 
would be capable afterward of withstanding the rigors of 
hunting deer in the cold winter season. However, he pleaded 
with me to give him a chance to have just one more deer 
season hunting with his boys, and I could not look into his 
pleading eyes and deny him his fervent wish. He tolerated 
the left pneumonectomy surprisingly well after having 
stopped smoking for a week or so, and his recovery was 
uncomplicated, reinforcing to me that patient goals and 
motivations are invaluable assets to surgeons and to surgical 
outcomes. Later that winter he not only hunted with his sons, 
but shot a deer while having to place the heavily padded butt 
of his rifle against his shoulder only 4 months post pneumo-
nectomy. I shall never forget how happy he was to see me 
afterward and relate the details of his successful hunt in the 
snow to me and share pictures of the event. Subsequently, he 
rejoined his bowling team, and much to my delight, hunted 
again and bowled again the following year. He died more 
than 2 years later at age 82, but he did it his way, with our 
consideration, understanding, support, and love, all of which 
he and his wonderful family appreciated. Even though we 
have much more to learn regarding geriatric surgery, geriat-
ric nutrition, and the complexities introduced by malignan-
cies, we can take useful actions and accomplish satisfactory 
results while producing and/or awaiting new data, simply by 
exercising compassion, common sense, good judgment, and 
“giving a damn.” Those of us who have helped caring for 
geriatric surgical patients have learned first-hand that age of 
the patient is not uniformly an independent risk factor and 

that physiologic changes associated with the normal aging 
process occur at different rates among individuals.

I have very little patience or tolerance for those of my col-
leagues who “write off” geriatric patients and deny them 
optimal care simply because they are elderly. This is the most 
unprofessional, disrespectful, and demeaning attitude that is 
anathema to me, but I am fearful that it is already creeping 
insidiously and increasingly into our culture and society and 
beginning to corrupt not only our healthcare system, but our 
morals, ethics, and core values. We are obligated to treat all 
patients, especially geriatric patients, as individuals and with 
respect, dignity, and compassion rather than as inanimate 
entry items in a computerized management algorithm.

With improved medical care delivery and effectiveness, 
people are living longer, and the population of patients with 
whom general surgeons interact is becoming progressively 
older at an unprecedented rate. Currently, in 2009, there are 
more than 38 million people in the USA who are 65 years of 
age or older. By the year 2030, more than 20% of the popula-
tion will be over the age of 65 years, and one-half of these 
individuals will be admitted to a hospital during their remain-
ing lifetime for an operative procedure. Caring for these indi-
viduals requires an awareness and understanding by the 
surgeons of the global changes that take place as an individ-
ual ages, as well as a clinical acumen and ability to assess 
accurately their relative needs, both as inpatients and as 
outpatients.

Issues in overall geriatric management and in geriatric 
surgery and nutritional support will continue to challenge us 
in the future and must be addressed expeditiously. The most 
compelling reality is that the geriatric population will con-
tinue to grow both in numbers and in longevity. This will 
require a major sea-change in the manner in which their 
health, fitness, and function will be supported, literally on an 
individual basis, and the means by which the fundamental 
social, professional, medical, ethical, financial, and other 
costs thereof will be embraced and met by our society.

We must develop and carry out relevant meticulously 
controlled study protocols specifically designed for the vari-
ous cohorts of the geriatric populations to provide the data 
essential to understanding and solving their unique nutritional, 
functional, and surgical problems. We must recognize and 
allow for the difficulties associated with carrying out studies 
in aged patients with seemingly inevitable comorbidities. 
Moreover, we must understand that the physiologic changes 
that accompany the normal aging process, especially those 
related to nutritional needs, occur at different rates among 
human beings. The difference between chronologic age and 
physiologic age in the elderly patients must be determined 
clinically in a scientific manner in order to help guide prudent 
decision-making in their management. Although the old adage 
is that the chronologic age of the patient is not an independent 
risk factor for surgical procedures or actions, the age of the 
elderly patient can, indeed, become an independent risk factor 
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in some patients in whom a great disparity exists between 
their chronologic age and their physiologic age. Furthermore, 
establishing nutrient requirements for a heterogeneous popu-
lation is not an easy task even when the group is healthy, much 
less when accompanied by a wide variety of health conditions, 
comorbidities, fitness, disabilities, nutritional status, etc.

Prior to the latter part of the twentieth century, people in 
the 50–65 years age range were defined as the geriatric or 
elderly population, and a reasonable amount of useful clini-
cal data had been accrued to justify various aspects of their 
health and nutritional recommendations for management. 
However, it has become obvious to nutritionists, surgeons 
and others that it is not valid to extrapolate from the data that 
exist for the 50–65-year-old age group upward to the eighth, 
ninth, and tenth decades of life. This problem must be solved 
by the systematic collection of data specifically for the older 
groups from 65 to 100 years of age if they are to receive opti-
mal care based on their scientifically determined require-
ments, potentials, and tolerances. The challenges involved 
will be difficult enough in determining nutrient requirements 
and assessing nutritional and physiological status, but will 
become increasingly more difficult and complex when evalu-
ating nutritional interventions and appraising the success of 
other outcomes of implementing ambitious nutritional and/or 
surgical therapies among the patients in these deciles. The 
most difficult group, and those who are most vulnerable from 
a nutritional standpoint, are the elderly who are institutional-
ized, have little or no family support, have multiple health 
problems, have neurological challenges, cannot perform the 
activities of daily living competently, and require assistance 
not only with feeding, but also with total custodial care. The 
rather steady loss of lean body mass [about 1% per year, 
which has been documented to occur in the elderly (>50 years 
age)] is greatest in those who are not able or willing to ambu-
late or exercise, while ingesting diets adequate in protein, 
thus resulting in a compounding of the usual sarcopenia that 
occurs in such patients. Nowhere is the “chicken or egg” phe-
nomenon more evident than in this group of elderly persons. 
In addition to protein deficiencies, energy, macronutrient, 
micronutrient, and fluid deficiencies are also relatively more 
common in geriatric patients than in younger adults, although 
their daily requirements per kilogram body weight are not 
dissimilar. A major problem in the elderly is the difficulty in 
convincing them to drink more water and fluids, thus result-
ing in dehydration and its untoward consequences. Examples 
of other nutrient aberrations that occur commonly in the 
elderly are calcium and vitamin D deficiencies, which can 
lead to significant increases in morbidity and mortality, and 
these essential rutrients must be provided in larger doses in 
the diet or as supplements. Preventive health measures regard-
ing the intake of these important nutrients are likely to result 
in significant reductions in morbidity, mortality, and health 
care costs, which remain to be confirmed in future studies.

As the current saga regarding health care funding and 
regulation unfolds, and as the vested interests of the various 
private and governmental power groups become more “trans-
parent,” debated, and compromised or modified, it will be 
particularly critical to the welfare of the geriatric population 
that the highest moral and ethical values be followed, that all 
age groups receive the respect and quality health care appro-
priate to their needs, and that the financial burdens be shared 
equitably among the citizens of this nation not only as a com-
passionate and caring duty, but also as a fulfillment of humane 
responsibility to humanity and to society.

Of paramount importance is the right of self-determina-
tion of elderly individuals and their families in the provision, 
modification, and cessation of all aspects of nutritional sup-
port not only from the ethical and religious points of view 
but from the legal mandate. A government that guarantees 
the rights of women to decision-making regarding their bod-
ies and fetuses must guarantee the equivalent rights of the 
elderly to decision-making regarding their nutrition, surgical 
management, and life support. How we nourish and treat 
our  elderly population during the next decade or two will 
influence greatly how we define our character as a society, 
culture, and nation.

I would like to close this commentary with one of my 
favorite anecdotal recollections from my long-time friend 
and fellow surgeon, Dr. David Heimbach. “It was a busy 
morning, about 8:30 a.m., when an elderly gentleman in his 
80s, arrived to have stitches removed from his thumb. He 
said he was in a hurry as he had an appointment at 9 a.m. 
I  took his vital signs and had him take a seat, knowing it 
would be over an hour before someone would be able to see 
him. I saw him looking at his watch, and decided, since I was 
not busy with another patient, that I would evaluate his 
wound. On examination, it was well healed, so I talked to 
one of the doctors and got the needed supplies to remove his 
sutures and redress his wound. While taking care of his 
wound, I asked him if he had another doctor’s appointment 
this morning as he was in such a hurry. The gentleman told 
me no, that he needed to get to the nursing home to eat break-
fast with his wife. I inquired as to her health; he told me that 
she had been there for a while and that she was a victim of 
Alzheimer’s disease. As we talked, I asked if she would be 
upset if he was a bit late. He replied that she no longer knew 
who he was, that she had not recognized him in 5 years now. 
I was surprised, and asked him, “And you still go every 
morning, even though she doesn’t know who you are?” He 
smiled as he patted my hand and said, “She doesn’t know 
me, but I still know who she is.” I had to hold back the tears 
as he left; I had goose bumps on my arms, and thought, “That 
is the kind of love I want in my life.” True love is neither 
physical, nor romantic. True love is an acceptance of all that 
is, has been, will be, and will not be.” Such is the human 
condition from my perspective.
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Nutrition in the Elderly

Throughout most of adult life, our bodies maintain near-
perfect metabolic balance interrupted only by disease. This 
equilibrium lasts a finite period – until the inevitable aging 
process begins. Aging is a complex phenomenon that 
includes molecular, cellular, physiologic, and psychological 
changes. Individual aging is influenced primarily by a per-
son’s genetic makeup, lifestyle, and environment. Of these 
factors, the first is predetermined and constant; the other two 
are optional, variable, and therefore modifiable. Some very 
old individuals can stay healthy and have a good nutritional 
status [1, 2], but physiologic decline and health problems are 
expected for most of us before death. Aging of cellular func-
tion results in a natural decline in physiologic performance 
and reserve capacity. Thus elderly individuals have increased 
susceptibility and are less resistant to illness [3].

These factors contribute to an increased prevalence of 
illness and increased risk for primary and secondary malnu-
trition. There is an estimated 5–10% prevalence of protein-
calorie malnutrition among community-dwelling elderly. In 
the USA, approximately 85% of the noninstitutionalized 
elderly suffer from at least one condition that could be 
improved by proper nutrition [1]. Physicians often fail to 
recognize its presence. Malnutrition in this population may 
predispose the elderly to prolonged hospitalization.

Many studies have documented a high prevalence of mal-
nutrition among the elderly residents of nursing homes. 
Surveys have shown incidences of malnutrition that range 
from 30 to 85% and increased mortality rates [4, 5]. 
Hypoalbuminemia is also common: a 37% incidence of this 
disorder was documented in a Veterans Administration 
nursing home. In elderly medical patients, nutritional status 
during acute illness is a determinant of morbidity, length of 
hospital stay, and mortality [1, 6]. In older surgical patients 

malnutrition is associated with high morbidity and mortality, 
particularly when emergency surgery is necessary. In addi-
tion, malnutrition negatively affects postoperative functional 
recovery and rehabilitation [3]. Nutritional screening and 
intervention in the elderly has been proposed as a cost-effec-
tive measure [1], as approximately 30% of the health-care 
budget is spent on this age group.

Physical and Psychosocial Issues in Nutrition

A combination of physical, social, and psychological factors 
contributes to primary malnutrition in the elderly. Physical 
deterioration with age can influence nutritional status. As 
years pass, the elderly become frail, have diminished visual 
function, increased cognitive impairment, and gait and bal-
ance disorders that affect mobility and decrease their ability 
to obtain and prepare food. The US National Health and 
Nutrition Examination Survey (NHANES) III cohort study 
evaluated the hypothesis that socio-economic status is con-
sistently and negatively associated with levels of biological 
risk. The nine parameters known to predict health risk are 
diastolic and systolic blood pressure, pulse, HDL and total 
cholesterol, glycosylated hemoglobin, C-reactive protein, 
albumin, and waist–hip ratio. Education and income effects 
were each independently and negatively associated with 
cumulative biological risks, independent of age. However, 
older age was associated with significantly weaker education 
and income gradients [7].

Adherence to lifestyle guidelines has been shown to mark-
edly reduce mortality in middle-aged women in a study that 
observed them for 24 years. Guidelines addressed five life-
style factors, namely cigarette smoking, being overweight, 
little to moderate exercise, light to moderate alcohol intake 
and low diet quality score [8].

Malnourishment is common in home-bound adults due to 
a variety of causes. These include various co-morbidities, 
medications, economic, social, religious, and psychological 
problems. Men are more likely to be undernourished than 
women and the higher the patients’ body mass index, the 
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greater the odds of under eating, defined as not consuming 
enough calories to maintain their current body weight [9].

Dental diseases are common in the elderly. There is a 
direct relationship between poor dentition and difficulty 
ingesting certain food items, such as meat and hard foods 
such as nuts, raw vegetables in salads, and multigrain bread 
or rolls. This may result in changes in choice and the quality 
of food intake. Taste and smell are also affected. A progres-
sive loss of taste buds occurs, predominantly affecting the 
anterior tongue. This region has taste buds that detect sweet 
and salt. Because the remaining buds detecting bitter and 
sour are relatively increased with aging, elderly people have 
a greater sensitivity to these tastes. This could explain their 
preference for high sugar foods. The elderly need a greater 
concentration change to perceive a difference in intensity. 
They also have a reduction in taste intensity (hypogeusia) 
and an increase in taste distortion (dysgeusia). These condi-
tions can be exacerbated by medications and concurrent 
disease states [10, 11]. Use of food flavors (roast beef, ham, 
natural bacon, maple, and cheese) has been found to increase 
intake and nutritional status in elderly institutionalized 
patients.

The presence of multiple diseases can also affect nutri-
tional status. Disorders that interfere with eating include neu-
rological diseases, such as Parkinson’s disease, cerebrovascular 
disease, chronic obstructive pulmonary disease, congestive 
heart failure, and chronic renal insufficiency. Some of these 
diseases require dietary restrictions that affect the palatability 
or variety of the food offered. Swallowing disorders are not 
uncommon in the elderly, and nutritional disorders are fre-
quently associated with dysphagia in institutionalized per-
sons (refer to Chap. 43 on swallowing disorders).

Disturbances of mood and affect are common in the 
elderly. Anorexia is a common symptom during depression, 
and these depressed patients often become malnourished. 
The prevalence of malnutrition among older patients hospi-
talized for depression can be as high as 20–35% [5]. One of 
the most difficult situations in geriatric medicine is to deter-
mine if the refusal of food is due to a curable depression or is 
the will of a mentally healthy individual. In particular, the 
death of a spouse can dramatically influence appetite and 
food intake. Depressed patients may put less effort into car-
ing for themselves and may lose the symbolism of warmth 
and sharing associated with eating. The anorexia of aging is 
neither depression nor willfulness yet it is also a major cause 
of poor nutrition (see below).

Cognitive impairment such as dementia may also signifi-
cantly decrease nutrient intake. To study this, a prospective 
study of 349 patients with a mean age of 85.2 years admitted 
to a Geriatric Rehabilitation center was carried out. Patients 
included those with no dementia, mild cognitive dysfunction 
or dementia. Although there was no significant difference in 
co-morbidities between older demented vs. nondemented 

patients, there was a considerable deterioration in nutritional 
and functional status in the patients with dementia [12]. 
Routine nutritional assessments, functional assessment and 
review of medications should therefore be performed more 
often in patients with dementia so that appropriate interven-
tions can be instituted.

Approximately 30% of elderly Americans live alone, and 
25% of free-living elderly need assistance with activities of 
daily living. Social isolation can lead to problems of obtain-
ing and preparing food. Timing of meals in hospitals and 
nursing homes may be disadvantageous, as meals may be 
separated by short periods of time. Appetite may be poor for 
each meal when they are offered too close together. Food 
presentation is key for patients to accept the meals offered. 
Food intake can increase by 25% if the environment is 
changed to a familiar one (home cooked meals, family and 
friends visiting during meal times, favorite music). Pureed 
food is not readily accepted, so imaginative ways of present-
ing such meals should be tried [13].

Age-Related Changes in Body Composition

Lean Body Mass

Presently, the most widely used body composition model is 
a two-compartment model in which the body is divided into 
lean body mass and fat. Aging is accompanied by a net loss 
of lean body mass. As a consequence, the elderly becomes 
debilitated and lose an important portion of their tissue 
amino acid and energy reserves. The lean body mass declines 
by approximately 6.3% every 10 years. Thus it decreases by 
an average of 0.45 kg/year after age 60. By age 70 muscle 
mass may be 20% less than that in young adults. This loss 
occurs disproportionately more from skeletal muscle than 
from viscera. Studies have suggested that changes in growth 
hormone metabolism may mediate age-related changes in 
body composition. People deficient in growth hormone have 
a decrease in lean body mass similar to that experienced by 
the healthy elderly [14,  15]. In addition, treatment with 
growth hormone or insulin-like growth factor-I (IGF-I) 
increases lean body mass, nitrogen retention, and muscle 
strength in the elderly [16]. Androgens have also been pro-
posed to play a role in the body composition changes of 
aging. Plasma levels of testosterone may decrease with 
aging, and testosterone supplementation in aging individuals 
may increase their lean body mass.

Serum total testosterone and the calculated free testos-
terone correlate well with each other and are superior in 
defining a group of elderly men with suspected androgen 
deficiency. In contrast, free testosterone measured by direct 
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RIA reflects gonadal function poorly. Repetitive use of total 
testosterone is therefore recommended when screening for 
androgen deficiency in elderly men [17]. A study investigat-
ing the association between various testosterone measures 
and clinical and biochemical parameters of the aging male 
was undertaken. The parameters included serum levels of 
sex hormone-binding globulin, estradiol, and lipid profile 
after an overnight fast; questionnaires assessing clinical 
symptoms, erectile function and mood; bone mineral density 
and body composition. Testosterone values did not correlate 
with clinical signs and symptoms of hypogonadism. It is 
therefore critical that symptoms of the aging male be consid-
ered multifactorial and not be indiscriminately assigned to 
the age-associated decrease in testosterone levels [18].

Age-associated decline in growth hormone and androgen 
secretion contributes to the alterations in body composition 
and organ function seen during the normal aging process. 
Despite all these changes, the elderly may continue to func-
tion adequately but may have decreased capacity to adapt 
and to mobilize endogenous protein stores during the cata-
bolic stress imposed by infection or trauma.

Body Fat

The proportion of body fat increases with age and is redis-
tributed from subcutaneous to intramuscular sites. Body fat 
increases at a rate of 0.4–1.5% per year, beginning at around 
age 30. As with lean body mass, growth hormone and andro-
gen administration appear to minimize alterations in body 
fat. The impact of testosterone supplementation on body fat 
is less dramatic. Testosterone appears to decrease the uptake 
of triglycerides and increase triglyceride turnover while 
reducing lipoprotein lipase activity. Furthermore, growth 
hormone and androgens may act together in the regulation of 
fat metabolism during adult life.

Energy Requirements

The total energy expenditure (TEE) can be divided into three 
parts: resting energy expenditure (REE, the energy expended 
at rest after overnight fasting), thermic effect of feeding 
(TEF, the increase in energy expenditure above baseline due 
to the consumption and processing of food), and energy 
expenditure for physical activity and arousal (EEPAA). Daily 
energy expenditure declines progressively throughout adult 
life. REE is approximately 15% lower (7.35 vs. 6.20 mega 
Joules (MJ)/day) in elderly subjects than that in the young. 
Changes in REE and EEPAA, which account for most of the 
energy consumed during daily activity, account for most 

(73%) of the decline in TEE observed in elderly individuals 
[19]. Interestingly, body weight, rather than fat-free mass, 
appears to best predict the REE (Fig.  7.1). Aging is also 
associated with a significant decrease in energy expenditure 
per unit of fat-free mass and body weight. Changes in muscle 
mass affect energy consumption and utilization. Creatinine 
excretion, which is an index of muscle mass and is closely 
related to the basal metabolic rate, decreases with aging; thus 
the reduction in energy expenditure is in large part due to a 
decrease in lean body mass (fat-free mass) and to a more 
sedentary life style. These changes are reflected in a decreased 
total energy requirement in men from 2,700 kcal/day at age 
30 to 2,100  kcal/day by age 80 [20]. These observations 
suggest that preservation of muscle mass and prevention of 
muscle atrophy could help prevent the decrease in metabolic 
rate associated with advancing age [21].

Figure 7.1  Resting energy expenditure in relation to fat-free mass and 
body weight in young men (filled circles) and elderly men (open circles) 
(from Roberts et al. [18], with permission).
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Nutritional Assessment

Nutritional assessment is a key aspect of elderly patient care. 
With so many physiologic changes due to aging that heighten 
the susceptibility to disease, the importance of proper nutri-
tion grows. It is a challenge, however, to identify elderly per-
sons who would benefit from dietary intervention. Not every 
elderly patient needs to undergo a cascade of anthropomet-
ric, dietary, and laboratory tests to assess their nutritional 
status in the perioperative period. Simplified nutritional 
assessment can be done quickly (see Chap. 22) and will pro-
vide the caregivers with the appropriate perspective to plan 
for perioperative nutritional needs. This knowledge can dras-
tically influence therapy and outcome. Key elements of a full 
nutritional assessment are defined below.

History and Physical Examination

A detailed social, nutritional, and medical history is an essen-
tial first step in assessing the nutritional status of the elderly. 
Particular attention should be paid to the presence of chronic 
diseases. Cancer by itself impairs nutritional status. Other 
diseases such as chronic obstructive pulmonary disease and 
congestive heart failure may make feeding difficult. 
Neurological illnesses that interfere with the eating process 
place patients at particular risk. Swallowing function and 
absorptive capacity should be specifically assessed. 
Disturbances of mood and affect (e.g., depression) are not 
uncommon and should be considered during the evaluation.

A social history is equally important. The degree of inde-
pendence can influence the capacity to purchase and prepare 
food. Information about who lives with the patient, cooking 
facilities, and income is also needed. Particular attention 
should be paid to patients who live in nursing homes and 
institutions. The physical and cognitive conditions of these 
patients and the eating environment and food presentation 
may be unsuitable, placing them at risk of undernourishment. 
Elderly patients commonly take multiple medications. These 
drugs should be listed, as should alcohol use; and possible 
drug–nutrient interactions must be considered. Drugs that 
may interfere with nutrition are listed in Table 7.1.

The physical examination should always include body 
weight and height. Oral health, dentition, and swallowing 
capability should be assessed. Because dehydration may 
present subtly and atypically in the elderly, hydration status 
must be carefully evaluated. Orthostatic hypotension or 
tachycardia may indicate dehydration. Physical signs of mal-
nutrition include muscle wasting and dermatitis associated 
with deficiency syndromes as well as perioral stomatitis and 
hair loss due to zinc deficiency. Cognitive impairments could 

indicate a deficiency of vitamin B
12

, which should always be 
considered in the elderly if mentation is affected. The pres-
ence of decubitus ulcers is a common sign of malnutrition in 
institutionalized elderly and can indicate protein or vitamin 
C deficiency.

Nutrition Screening Initiative

Evaluation of nutritional status is an especially important 
aspect of the surgical evaluation. Many attempts have been 
made to standardize nutritional risk assessment in the elderly. 
Screening tools are shown in Table  7.2. The Malnutrition 
Universal Screening Tool (MUST) classifies malnutrition 
risk as low, medium, or high based on body mass index, unin-
tentional weight loss, and acute illness. This test is for com-
munity-based ambulatory populations but also has high 
validity in a hospital setting [22]. Another test, the Mini 
Nutritional Assessment (MNA) has been developed to evalu-
ate the risk of malnutrition in the elderly in home-care pro-
grams, nursing homes, or hospitals [23]. The factors included 
in the evaluation are shown in Table 7.3. The MNA-SF (Mini 
Nutritional Assessment – Short Form) was developed and 
validated to allow a two-step screening process. The MNA-SF 
and MNA are both sensitive, specific, and accurately identify 
nutrition at risk. The MNA detects risk of malnutrition before 
severe change in weight or serum protein. In hospital settings, 

Table 7.1  Drug therapy that interferes with nutritional support

Drug therapy Subject of interference or effect

Drugs that interfere with nutrient assimilation

AlOH and MgOH Phosphorus
H

2
 antagonists Vitamin B

12

Cholesterol-binding agents Fat-soluble vitamins, folate
Phenytoin Vitamins D and K, folate

Drugs interfering with nutrient delivery

Sucralfate Forms clogs in the feeding tube
Digoxin, phenytoin, theophylline, 

potassium chloride
Diarrhea due to hyperosmolarity

Nutrients affecting drug therapy

Calcium Phenytoin absorption
Vitamin K Anticoagulants
Source: Data are from Rolandelli and Ullrich [3]

Table 7.2  Screening tools at the time of hospital admission for assessing 
nutritional risk

Screening tool
Nutritional risk index (NRI)
Malnutrition universal screening tool (MUST)
Nutritional risk screening tool 2002 (NRS-2002)
Subjective global assessment (SGA)
Mini nutritional assessment (MNA)
Source: Reprinted from Kyle et al. [25], with permission from Elsevier
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Table 7.3  Mini-nutritional assessment (MNA): (Short Form – 6 questions)

Question Ratings Score

Has food intake declined over the past 3 months due to loss of 
appetite, digestive problems, chewing or swallowing 
difficulties?

0 = Severe loss of appetite
1 = Moderate loss of appetite
2 = No loss of appetite

Weight loss during the last 3 months? 0 = Weight loss greater than 3 kg
1 = Does not know
2 = Weight loss between 1 and 3 kg
3 = No weight loss

Mobility? 0 = Bed or chair bound
1 = Able to get out of bed/chair but does not go out
2 = Goes out

Has the patient suffered psychological stress or acute disease 
during the past 3 months?

0 = Yes
1 = No

Neuropsychological problems? 0 = Severe dementia or depression
1 = Mild dementia
2 = No psychological problems

Body mass index (BMI) = weight(kg)/height(m2) 0 = BMI less than 19
1 = BMI 19 to less than 21
2 = BMI 21 to less than 23
3 = BMI 23 or greater

Maximum screening score: Total score of 12 or more: not at risk for malnutrition; no need to complete the remainder of MNA
Total score less than 12: may be at risk for malnutrition; complete the full MNA assessment

Additional questions for full MNA (12 questions)

Lives independently (not in a nursing home or hospital? 0 = No; 1 = Yes
Takes more than 3 prescription drugs per day? 0 = Yes; 1 = No
Pressure sores or skin ulcers? 0 = Yes; 1 = No
How many full meals does the patient eat daily? 0 = 1 meal; 1 = 2 meals; 2 = 3 meals
At least 1 serving of daily products per day? Yes or No 0 = If 0 or 1 Yes answers
2 or more servings of legumes or eggs per week? Yes or No 0.5 = If 2 Yes
Meat, fish, or poultry every day? Yes or No 1.0 = If 3 Yes
Consumes 2 or more servings of fruits or vegetables per day? 0 = No; 1 = Yes
How much fluid is consumed per day? 0 = Less than 3 cups

0.5 = 3–5 cups
1.0 = More than 5 cups

Mode of feeding? 0 = unable to eat without assistance
1 = Self-fed with some difficulty
2 = Self-fed without any problem

Self view of nutritional status? 0 = View self as malnourished
1 = Uncertain of nutritional state
2 = Views self without nutritional problems

In comparison with other people of the same age, how do they 
consider their health status?

0 = Not as good
0.5 = Does not know
1.0 = As good
2.0 = Better

Mid-arm circumference (MAC) in cm? 0 = MAC less than 21
0.5 = MAC 21 or 22
1.0 = MAC 22 or greater

Calf circumference in cm? 0 = CC < 31; 1 = CC > 31
Maximum full assessment score = 16
Combine screening + full assessment scores = maximum of 30

Total score ≥ 23.5 – normal nutrition, no further action 
required

Total score £ 23.5 – risk of malnutrition
Total score £ 17 – protein and calorie

a low MNA score is associated with increased mortality, 
prolonged length of stay, and a greater likelihood of discharge 
to a nursing home [24]. Other screening tools include nutri-

tional risk index (NRI), nutritional risk screening tool 2002 
(NRS-2002) and subjective global assessment (SGA) 
(Table 7.2). NRS-2002 has been shown to have higher sensi-
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tivity and specificity than the MUST and NRI. In general, 
nutritional status and risk can be assessed by SGA, NRS-
2002, and MUST in patients at hospital admission [25].

Anthropometrics

Anthropometric measurements are a convenient tool for 
evaluating nutritional status. They are inexpensive, safe, and 
easily performed in any outpatient clinic or surgery ward. 
They do have some drawbacks. First, anthropometric data 
are affected by age and severity of illness more than any 
other index of nutritional status [26]. Second, they are 
subject to individual variation depending on who monitors 
the measurements. Third, they must be compared to normal 
standards; and in the case of the elderly, there are few nor-
mative anthropometric data. Change of a specific parameter 
over time is generally more important than comparing it to 
standards. Various tables of weight per height that include 
elderly populations have been suggested by various investi-
gators [27, 28], and a more valid ideal weight can be assigned 
using these age-specific tables. Weight loss of 5% over 4 
weeks or 10% over 3 months is a sensitive indicator of 
malnutrition.

If the patient is not able to stand upright, height can be 
calculated from knee-height measurements using a normo-
gram or the following height formulas [29].

Stature for men (2.02 kneeheight)

(0.04 age) 64.19

= ´

- ´ +

Stature for women (1.83 knee height)

(0.24 age) 84.88

= ´

- ´ +

Calculation of ideal body weight provides a valid weight ref-
erence for the individual. Percent of ideal weight is calcu-
lated as follows:

Actual weight / ideal weight 100´

An ideal body weight of less than 90% is an indicator of 
malnutrition. Weight/height ratios can be expressed as the 
body mass index (BMI) – weight in kilograms/height in 
square meters. A normogram for body mass index is 
shown in Fig.  7.2. The Euronut–Seneca survey, which 
studied apparently healthy elderly individuals aged 70–75 
years, found a mean BMI that ranged from 24.4 to 30.3 in 
men and from 23.9 to 30.5 for women. Results of the 
Third National Health and Nutrition Examination Surveys 
(NHANES III) include BMI data from men and women 
over 60 years of age in 10-year increments [30]. BMI, 

however, correlates more strongly with body fat than with 
lean body mass and may not be a sensitive index of 
muscle or body protein stores, except in the presence of 
emaciation.

Other anthropometric measures can determine body fat 
and lean body mass. Body fat can be assessed by measuring 
the triceps and subscapular skinfold thickness, and at other 
sites [31]. Lean body mass can be estimated in women and 
men by measuring the mid-arm muscle circumference and 
by the creatinine height index. Equations that use these 
indexes have been developed to relate anthropometric mea-
surements to body composition [32]. In 1989 Frisancho 
reported standards for the elderly 64–74 years of age [33], 
the anthropometric data for European elderly over 90 years 
old were completed later [34].

Biochemical Markers

Use of serum laboratory values is an integral part of nutri-
tional assessment in the adult population, although aging 
itself can affect test results. The most commonly used 
parameter, albumin, has been reported to be modified in 
the elderly. Albumin concentration decreases 3–9% each 
decade after age 70 in the community-dwelling elderly 
[35, 36].

In these individuals, the albumin loss is close to 0.8 g/l 
per decade [35], and in institutionalized individuals, the 
albumin has been observed to decrease by 1.3  g/l per 
decade. Of course, relative hypoalbuminemia may indicate 
poor nutritional status. Serum albumin is positively corre-
lated with muscle mass in the elderly, and the relation may 
reflect shared changes with age in protein synthesis [37]. 
This decrease may be attributed to the decrease in skeletal 
muscle mass. Because of the minimal decline in albumin 
levels with age, hypoalbuminemia should not be ascribed 
solely to aging, and other causes should be considered [1]. 
Albumin is an important predictor of length of hospitaliza-
tion, morbidity, and mortality among elderly people [37]. 
Severe hypoalbuminemia (<20 g/l) strongly predicts 90-day 
mortality and extended hospitalization in the elderly. It 
requires focused clinical attention regardless of the elderly 
patient’s admitting diagnosis [38]. In the VA National 
Surgical Quality Improvement Program (a prospective 
analysis of surgical risk factors), low serum albumin was 
the single factor most predictive of poor postoperative 
outcome [39].

Because of their shorter half-lives compared to that of 
albumin, prealbumin, transferring, and retinal-binding pro-
tein are better markers for acute changes in nutritional status. 
The serumconcentration of these proteins, especially preal-
bumin, are better maintained in the geriatric population [39]. 
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Figure  7.2  Normogram for body mass index (from the Nutrition 
Screening Initiative, a project of the American Academy of Family 
Physicians, the American Dietetic Association, and the National 

Council on the Aging, with permission. Funded in part by a grant from 
Ross Products Division, Abbott Laboratories).

Serum prealbumin protein appears to be a more sensitive 
marker of protein malnutrition than transferrin, although its 
use as a predictor of clinical outcome has yet to be deter-
mined [39, 40].

Iron stores (ferritin) usually increase with aging, which 
can cause circulating transferrin levels to diminish. Other 
conditions that may decrease transferrin levels include the 
anemia associated with chronic disease, acute inflammation, 
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and chronic infection. High transferrin levels may be found 
with iron deficiency.

Plasma IGF-I concentration is considered a valuable 
index of PEM in young and middle-aged adults. As men-
tioned previously, because IGF-I levels decrease with age, 
it may not be valid to extrapolate these results to the 
elderly. However, changes in IGF-I strongly predict the 

likelihood of life-threatening complications in the elderly 
[41]. Furthermore, in one study IGF-I was well correlated 
with markers of nutritional status, including (1) serum 
albumin, transferrin, and cholesterol; (2) triceps skinfold 
thickness; and (3) percentage of ideal body weight. These 
changes may reflect the detrimental effects of low IGF-I 
concentrations. Despite these findings, the validity of 

Figure 7.2  (continued)
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IGF-I as a nutritional marker in the elderly still must be 
determined.

Various signaling pathways are influenced by reactive 
oxygen species. The glutathione precursor cysteine has been 
shown to decrease insulin responsiveness in the fasted state. 
Supplementation with cysteine in clinical trials leads to 
improvement of various conditions that deteriorate with 
aging. These include skeletal muscle function, immune 
functions and plasma albumin levels. It also causes a 
decrease in body fat/lean body mass ratio. These data sug-
gest that aging may also be associated with a deficiency in 
cysteine [42].

Immune Markers

Total lymphocyte count is a nonspecific indicator of protein-
energy malnutrition (PEM). An absolute lymphocyte count 
of less than 1,500/mm3 indicates malnutrition if other causes 
of lymphopenia can be excluded. The lymphocyte count 
appears to decrease in the elderly, although it remains above 
1,500/mm3 [43].

Delayed hypersensitivity skin testing is a parameter used 
to assess relative immune competence. An anergic response 
has been linked to both increasing age and malnutrition. As 
yet it is unclear whether PEM-Associated changes in immune 
competence can be distinguished from those due to aging 
alone. In general, anergy is a poor predictor of malnutrition in 
the elderly and may be less reliable than in younger patients.

Functional Assessment

Functional assessment of the elderly helps detect physical and 
cognitive alterations that may increase the risk of malnutrition. 
Nutritional well-being is related to the ability of elders to per-
form the activities of daily life. The BMI, used as a standard 
measure of overall nutrition, is related to the functional capa-
bilities of community-dwelling elderly. Elderly individuals 
with a low BMI are at greater risk for functional impairment 
[44]. Among other methods for evaluating capacity, direct 
measurements of neuromuscular performance, including 
motor strength, vibratory sense, gait and balance, and gait 
speed, are strongly related to disability [45]. In addition, many 
evaluation scales for cognitive and physical assessment that 
vary in simplicity have been developed [46]. These include the 
Activities of Daily Living (ADL) and Instrumental Activities 
of Daily Living (IADLs). ADL include bathing, dressing, toi-
leting, transfer in and out of bed/chair, bowel and bladder con-
tinence, and the ability to feed oneself. Instrumental activities 
of daily living include the ability to use the telephone, shop-

ping, food preparation, laundry, transportation, responsibility 
for medications, and ability to handle finances. Poor perfor-
mance scores on these tests should be carefully evaluated 
because deficits may result from malnutrition or may render 
the patient susceptible to malnutrition. Depressive symptoms 
and cognitive impairment are independent predictors of decline 
in functional status and increased dependence in activities of 
daily living [47]. These, in turn, can lead to inadequate food 
intake and malnutrition.

Nutritional Requirements of the Elderly

Energy requirements in the elderly decrease because of a 
reduction in muscle mass and a reduction in physical activ-
ity. Subjects over the age of 70 consume about a third less 
calories than their younger counterparts. Without adequate 
supplementation, this results in a reduction of all nutrients. 
Unfortunately, the requirements for these nutrients does not 
decrease. Nutrient dense foods can decrease mortality and 
decrease LOS in hospitals [48]. The modified MyPyramid 
(Fig. 7.3) was developed by researchers at Tufts University 

Figure 7.3  The major features of the modified MyPyramid for Older 
Adults graphic that are different from MyPyramid are the expanded 
presentation of food icons throughout the pyramid highlighting good 
choices within each category, a foundation depicting a row of water 
glasses and physical activities emphasizing the increased importance of 
both fluid intake and regular physical activity in older adults, and a flag 
on the top to suggest that some older adults, due to biological changes, 
may need supplemental vitamins B-12 and D, and calcium (reprinted 
from Lichtenstein A (2008) Modified pyramid of older adults. J Nutr 
138(1):5–11, with permission from the American Society for 
Nutrition).
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in Boston and emphasizes the importance of nutrient and 
fiber-rich foods and provides guidance about alternate food 
forms and the importance of regular exercise and adequate 
fluid intake [49]. The pyramid is most useful when used in 
combination with the US Department of Agriculture’s gen-
eral MyPyramid food guide.

Fluid Requirements

Dehydration is one of the main discharge diagnoses in 
patients over age 65 [50]. Inadequate intake is one of the 
most common reasons for water and electrolyte disorders in 
this age group. Possible explanations include a decrease in 
the thirst sensation with increasing age. Age-related decreases 
in vasopressin secretion and an alteration in the opioid sys-
tem may also impair fluid regulation [51]. Renal function 
decreases with age, as does the kidney’s capacity to adapt to 
changes in hydration status and electrolyte intake, thereby 
interfering with regulatory mechanisms. Stress and infection 
are often associated with decreased fluid intake and hydra-
tion. Fluid losses may be further increased by fever, vomit-
ing, diarrhea, fistulas, and open surgical wounds, and they 
should be accounted for. In addition, fluid intake may be 
restricted owing to chronic renal insufficiency or conges-
tive heart failure. The above factors predispose the elderly 
patient to hydration and fluid overload. Thus a more gradual 
approach to fluid delivery is appropriate. Dehydration 
may  lead to confusion, resulting in decreased fluid intake. 
Patients and their families should be informed about the 
importance of adequate fluid intake and the need for moni-
toring intake and output during stressful periods.

Various formulas can be used to predict baseline fluid 
requirements, although some formulas do not account for 
obesity and low body weight and may give unrealistic esti-
mates [52]. The following formula is appropriate for estab-
lishing fluid recommendations, as it adjusts for height and 
weight: 100 ml fluid/kg for the first 10 kg of body weight, 
50 ml/kg for the next 10 kg of body weight, and 15 ml/kg for 
the remaining kilograms of body weight. A goal of at least 
1,500–2,000  ml fluid is recommended. Given the reduced 
volume of formula required to meet the decreasing energy 
needs of the elderly, patients receiving the tube feeding may 
need additional fluid to maintain adequate hydration [1].

Energy Requirements

Several formulas are available to estimate energy require-
ments of the elderly. The Harris and Benedict equations 
(HBEs), which take into consideration sex, age, height, and 

weight, can be used to estimate the resting energy expendi-
ture (REE).

Men 66.47 [13.75 (kg)]

[5.0 (cm)] [6.76 (years)]

= + ´

+ ´ - ´

W

H A

Women 66.51 [9.6 (kg)]

[1.85 (cm)] [4.68 (years)]

= + ´

+ ´ - ´

W

H A

W is the weight, H is the height, and A is the age. The REE 
obtained is expressed in kilocalories per day. Unfortunately, 
the HBEs are performed poorly in some instances, and they 
can underestimate the actual REE in malnourished and criti-
cally ill patients [53]. The same is true in undernourished 
nursing home residents [54]. In these instances, direct mea-
surement of REE is more appropriate. REE can also be pre-
dicted without height with only a minor loss of accuracy 
[1].

Men 13.5( ) 487= +W

Women 19.5( ) 596= +W

A correlation factor should be added to the REE depending 
on the degree of metabolic stress of the patient (Table 7.4).

Currently, recommendations for energy requirements in the 
elderly are based on assumed levels of physical activity relative 
to the basal metabolic rate (BMR). However, substantial error 
is found when total energy expenditure is derived from mea-
surements or predictions of BMR [55]. Furthermore, current 
recommended daily allowances (RDAs) may significantly 
underestimate the energy requirements for physical activity in 
healthy elderly persons. Accurate estimation of energy needs is 
important for delivering adequate nutritional care and prevent-
ing disability. Human aging has been associated with reduced 
ability to regulate energy balance. This might explain the vul-
nerability of older persons to unexplained weight gain and 
weight loss [56]. Thus in some older individuals, successful 
weight maintenance may require increased control over food 
intake and energy requirements.

Table 7.4  Adjustment factors for resting energy expenditure

Correction factor Stress

1.0–1.1 Postoperative
1.1–1.3 Multiple fractures
1.2–1.5 Weight gain/replenishment
1.3–1.6 Severe infection/bullet wounds
1.6 Sepsis
1.5–2.1 Third-degree burns
1.2 Confined to bed
1.3 Out of bed
1.5 Active
Source: Data from Nelson and Franzi [13]
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Protein Requirements

Although the recommended daily allowance for protein is 
0.8  mg/kg/day, recent studies have shown that the protein 
requirement in the elderly should be as much as 1.5 g/kg/day, 
i.e., 15–20% of total caloric intake [57]. This may increase 
muscle mass and function leading to greater activity. This is 
particularly important in patients with co-morbidities such as 
diabetes, low-grade inflammation, etc. that cause anorexia. A 
24-h urine urea nitrogen (UUN) can determine the amount of 
total nitrogen excreted and can be used to estimate protein 
requirements, though it is rarely used in clinical practice. Rather, 
nitrogen losses are more commonly estimated or extrapolated. 
The following formula accounts for insensible and fecal losses 
and can be used to estimate total nitrogen loss.

Total nitrogen loss 24 h UNN (g / day)

(0.20 24 UNN) 2 g / day

=

+ ´ +

Nitrogen (N) balance N intake

[urine N stool N insensible

 N losses]

=

- + +

Generally a positive nitrogen balance of 4–6 g is necessary 
for anabolism. During the metabolic response to trauma, pro-
teins are broken down to amino acids and are used for hepatic 
gluconeogenesis. The decrease in lean body mass that occurs 
with aging reduces tissue protein reserve and may diminish 
the body’s capacity to resynthesize proteins. However, 
excluding burn patients, it seems prudent that during periods 
of stress such as infection, surgical trauma, or cancer, the 
daily protein intake should be increased to 1.5 g/kg/day [7].

Vitamin Requirements

As we have discussed, it is a combination of physical, social, 
and psychological factors that make the elderly population 
particularly susceptible to malnutrition. Aging alone might 
be accompanied by a decrease in some vitamin levels. These 
modifications may lead to an increased risk of vitamin defi-
ciencies and disease. In the following sections, we review the 
most important vitamins and the role their supplementation 
may play in the nutritional status of aged individuals.

Vitamin A

Special consideration should be given to vitamin A supple-
mentation in elderly subjects. In contrast to other vitamin 
levels, serum concentrations of vitamin A are usually within 

the normal range in the elderly. The liver has a great capacity 
to store vitamin A, and hepatocellular levels of vitamin A are 
maintained through life. In addition, older individuals have 
an increased capacity to absorb vitamin A, and they have 
decreased renal excretion. Thus, over supplementation could 
predispose the elderly to vitamin A toxicity [58]. Increased 
vitamin A intake by the elderly can raise serum retinyl ester 
concentrations, which are an index of vitamin A overload. 
Elderly subjects with elevated fasting plasma retinyl esters 
were shown to have elevated liver function tests, indicative 
of liver damage. In view of the above findings, the current 
RDA for vitamin A of 5,000 IU for men and 4,000 IU for 
women may be too high for the elderly and should probably 
be reduced.

Vitamin B
6

Vitamin B
6
 appears to play an important role in the regulation 

of homocysteine metabolism. Vitamin B
6
 plasma concentra-

tions inversely correlate with homocysteine concentrations, 
and elevated levels of homocysteine are associated with the 
development of occlusive vascular disease [59]. In addition, 
plasma pyridoxal-5¢-phosphate (the coenzyme of vitamin B

6
) 

concentrations have been linked to stenosis [60]. At this time, 
it cannot be concluded that lowering plasma homocysteine by 
increasing vitamin intake reduces the risk of vascular disease. 
It is not uncommon to encounter low vitamin B

6
 plasma levels 

among the elderly, so it is probable that vitamin B
6
 require-

ments are insufficient [60, 61]. Considering the above find-
ings, a vitamin B

6
 intake of 1.9–2.0 mg/day is adequate.

Vitamin B
12

Serum vitamin B
12

 levels decline with advancing age. 
Prevalence of vitamin B

12
 deficiency varies among countries, 

from none in the United Kingdom up to 7.3% in the rest of 
Europe [62]. In the USA, the prevalence of vitamin B

12
 defi-

ciency was shown to be more than 12% in a large sample of 
free-living elderly. By measuring serum homocysteine, a 
vitamin B

12
 metabolite, many elderly people with normal 

serum vitamin concentrations were found to be metaboli-
cally deficient in cobalamin [63]. The reasons for the high 
prevalence of vitamin B

12
 deficiency is probably a major 

etiologic factor. The vitamin B
12

 level may also be affected 
by the high prevalence of atrophic gastritis (a partial decrease 
in fundic glands and of parietal cell mass) in the elderly pop-
ulation. There is a significant association between age and 
the prevalence of atrophic gastritis, which is as high as 24% 
after age 50 and 37% after age 80 [64]. In addition, gastric 
and intestinal bacterial overgrowth may contribute to vitamin 
B

12
 malabsorption.
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In view of these findings, the current RDA may underes-
timate the need for vitamin B

12
 in the elderly. Low B12 con-

centrations were less prevalent among persons consuming 
B12-containing supplements. Biochemical B12 deficiency 
has been found to be higher in adults over 50 years of age. 
Current recommended daily allowance for B12 of 2.4 mug 
may be insufficient for those aged >50 years [65]. Clinically, 
the hematological changes typical of megaloblastic anemia 
can be absent in most subjects with evidence of deficiency.

Neuropsychiatric symptoms of vitamin B
12

 deficiency may 
be present even with normal serum levels of vitamin B

12
. Any 

elderly patient who is, or is suspected to be, vitamin B
12

-
deficient, based on the neurologic symptoms of vitamin B

12
 

deficiency, should receive a course of parenteral vitamin B
12

 to 
replete stores [1]. Once the etiology of the deficiency is deter-
mined, appropriate maintenance therapy can be initiated.

Calcium and Vitamin D

With aging, serum vitamin D levels decline as a result of less-
efficient synthesis of vitamin D by the skin, less-efficient 
intestinal absorption, and possibly reduced sun exposure and 
intake of vitamin D [66]. Sun exposure is essential for main-
taining vitamin D levels and institutionalized elderly who do 
not receive enough sun are at particular risk of vitamin D defi-
ciency. [67] Note that exposure of skin to sunlight that has 
passed through windowpane glass or Plexiglas does not pro-
duce cholecalciferol [68]. Sunscreen use and dark skin pig-
mentation can also substantially influence cutaneous 
production of vitamin D. Latitude influences the amount of 
vitamin D as well. In northern latitudes and during winter, 
ultraviolet B rays do not reach the earth’s surface. People in 
these regions are entirely dependent on dietary sources of vita-
min D during this season. In the USA, the major dietary source 
of vitamin D is milk. Elderly individuals with lactose intoler-
ance may avoid milk products that contain vitamin D and may 
be dependent on endogenous synthesis of this vitamin.

Intestinal calcium absorption is independently reduced 
with age and after menopause as estrogen levels decrease [69]. 
This might be due to age-related changes in the metabolism 
of vitamin D. Although antifracture efficacy is of primary 
interest, change in bone mineral density (BMD) is widely 
used in clinical trials because it is a strong predictor of frac-
ture risk; with its use, a far smaller number of patients are 
required for a study [68]. Data have shown that calcium sup-
plements significantly reduce bone mineral loss and increased 
bone density. In addition, calcium combined with vitamin D 
supplements have reduced hip and other nonvertebral frac-
ture rates in nursing home residents [70]. However, vitamin 
D supplements alone do not decrease the incidence of hip 
fractures, which suggest that only the combination of calcium 
and vitamin D is beneficial [71]. The current vitamin D RDA 

of 200 IU may not be sufficient to minimize bone loss. An 
intake of 400–800 IU/day appears to be needed for healthy 
postmenopausal women [1, 62, 72]. A randomized placebo-
controlled double blind study in patients greater than or equal 
to 64 years of age revealed that in greater than 97.5% of these 
individuals, the requirement for vitamin D is met by intake 
between 7.9 and 42.8 mug/day of Vitamin D. Factors influ-
encing this requirement include summer sun exposure at an 
adequacy of 25(OH)D [73]. Calcium intakes of 1,000 mg/day 
for postmenopausal women taking estrogen and 1,500 mg/
day for women not taking estrogen are now considered optimal 
by many [54, 61, 68]. Calcium intake should not exceed 
2,400 mg/day, because of the risk of nephrolithiasis [1].

Nutritional Problems in the Elderly

Obesity

Obesity is a major problem worldwide. In the USA, 74% of 
men and 66% of women aged 60 and older in are overweight 
or obese based on body mass index. A recent study showed 
that increased body mass index did not correlate with 
increased mortality in the elderly. Instead, it was the waist 
circumference that served as a more significant marker of 
increased mortality in the elderly [74]. It is therefore felt that 
both body mass index and waist circumference should be 
taken into account when evaluating obesity in the elderly. 
Obesity has also been shown to relate to functional disability 
in the elderly. In women, waist circumference has been found 
to be a better predictor of functional disability than BMI 
[75]. Obesity may exacerbate cardiovascular disease through 
several mechanisms including systemic inflammation, 
hypercoagulopathy and activation of the renin–angiotensin 
mechanisms [76].

Anorexia of Aging

Anorexia commonly occurs with aging. The decrease in 
appetite can be due to a decrease in basal metabolic rate, 
most likely secondary to a decrease in lean body mass and 
to a more sedentary lifestyle. Drugs can also cause anorexia 
as well as interfere with the intake, absorption, and metabo-
lism of nutrients. Because of their use of multiple medica-
tions, the elderly are at increased risk of drug interactions, 
which may interfere with nutrient assimilation. Decreased 
food intake is more common in men than in women [4]. It is 
also seen in healthy elderly individuals. Psychosocial fac-
tors, such as depression and isolation also influence food 
intake.
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The physiological decrease in food intake in the elderly is 
termed anorexia of aging and can be attributed to several 
factors. Among these are an increase in peripheral satiating 
systems, decreased compliance of the fundus of the stomach, 
an increase in basal levels of cholecystokinin and in secre-
tion of cholecystokinin in response to intraduodenal fat. 
Decrease in testosterone in males results in increased levels 
of leptin and this in turn may accentuate anorexia.

Cachexia

Cachexia may result from an adaptation to an underlying ill-
ness such as cancer. A diagnosis of cachexia is made when 
there is a weight loss of at least 5% in a period of 12 months 
accompanied by three of the five following factors: decreased 
muscle strength, fatigue, anorexia, low fat-free mass index 
and abnormal biochemistry such as increased CRP or IL-6, 
anemia or low serum albumin. These factors help to distin-
guish cachexia from anorexia alone. Cachexia can result 
from problems with oral intake due to mucositis, or due to 
gastrointestinal concerns such as nausea and vomiting, bowel 
obstruction due to tumor burden, or delayed gastric empty-
ing. Increased levels of TNF-a and IL-1 can cause cachexia, 
nausea, and vomiting. Central nervous system mediated 
effects result from pain and altered sense of smell and taste. 
Treatment options are limited. The use of androgens, selec-
tive androgen receptor modulators, antimyostatin drugs, 
growth hormone, insulin-like growth factor, and ghrelin have 
yet to show significant efficacy [77]. Megestrol acetate has 
been shown to improve appetite and decrease nausea in some 
cases, by causing a reduction of IL-1, IL-6, and TNF-a [78]. 
Data is still sparse for geriatric recommendations with nutri-
ceutical repletion using Omega-3 fatty acids, co-essential/
essential aminoacids.

Sarcopenia

Decreased food intake coupled with decreased activity leads 
to decreased muscle mass, which is termed sarcopenia. 
Cytokines play a role in both anorexia and sarcopenia. 
Chronic inflammatory conditions lead to an increase in 
cytokines such as IL-1b, IL-6, and TNF-a. Several cytok-
ines belong to the same family as leptin and exert their 
effects by stimulating the leptin receptor. IL-I causes a 
decrease in luteinizing hormone, resulting in decreased tes-
tosterone levels and worsening anorexia and sarcopenia. 
Recently, a specific dietary approach has been found to pre-
vent or slow down muscle loss with ageing. Rather than sug-
gesting a large global increase in protein intake, it has been 

found that ingestion of a sufficient amount of protein with 
each meal is more beneficial. Dietary plans that include 
25–30  g of protein with each meal can maximize muscle 
protein synthesis [79].

Unintentional Weight Loss

Unintentional weight loss is a common problem in elderly 
patients and should be recognized and evaluated without 
undue delay. Several studies have shown that weight loss of 
4–5% of body weight or more within 1 year or 10% over 
5–10 years is associated with increased morbidity and mor-
tality [80]. Low BMI (body mass index of less than 18.5) is 
an indication of protein-calorie malnutrition [81]. In nursing 
home residents 65 years of age or older, low BMI has a 
negative impact on the quality of life [82].

Although a quarter of these patients may not have any 
identifiable cause to explain the weight loss, the etiology can 
be detected in others by specific symptom-related investiga-
tion. Common causes of unintentional weight loss include 
malignant diseases (16–36%), psychiatric disorder (9–42%), 
gastrointestinal disease (6–19%), hyperthyroidism (4–11%), 
nutritional disorders or alcoholism (4–8%), and respiratory 
disease (6%) or renal disease (4%) [83] (Table 7.5). A thor-
ough history and physical examination and the mini-
nutritional assessment are used to assess unintentional weight 
loss. Attention should also be paid to medications that cause 
anorexia, dry mouth, nausea or vomiting, and dysphagia. 
Psychological and psychosocial causes should be identified 
and addressed. Nonpharmacological interventions include 
minimizing dietary restrictions [84] adding favorite foods to 
the diet, adding nutritional supplements, and involving 
nutritional programs such as meals on wheels. Pharmacological 
therapies are used to either stimulate appetite or cause weight 
gain. These include megestrol, acetate, ornithine, oxoglu-
tarate, recombinant human growth hormone and dronabinol. 

Table 7.5  Meals on wheels pneumonic for weight loss in older adults

Medications
Emotions – depression
Alcoholism
Late life paranoia
Swallowing problems

Oral factors
Nosocomial infections

Wandering
Hyperthyroidism, hypercalcemia, hypoadrenalism
Enteral
Eating problems
Low salt, low cholesterol diets
Stones
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They are associated with multiple side effects and there are 
no prospective randomized trials that justify their use in 
elderly patients.

Frailty

Both undernutrition and obesity should be viewed as indica-
tors of frailty in the older adult. The definition proposed by 
Fried [85] includes the presence of three or more of the follow-
ing factors: unintentional weight loss, self-reported exhaus-
tion, weakness, slow gait speed, and low physical activity. 
Severity and duration of weight loss and enquiry into activities 
of daily living (ADL) such as cooking and meal preparation 
are important. Frail older people may show low leptin levels 
and increased levels of IL-6 and C-reactive protein [86]. Other 
markers include 25-hydroxyvitamin D, lGF-1, and D-Dimer, 
suggesting a state that is pro-inflammatory [87].

Anemia

It has been shown that there is a significant association 
between anemia and malnutrition in the elderly. A third of 
anemia cases can be attributed to deficiency of nutritional 
factors such as iron, vitamin B12, and folic acid [88]. A 
cross-sectional study of 60 elderly hospitalized patients 
showed a 36.7% incidence of anemia. In this study, mid-arm 
muscle circumference (MAMC), albumin, and prealbumin 
correlated with hemoglobin in the bivariate analysis. MAMC 
and albumin were found to be significant predictors of hemo-
globin in patients without inflammation (estimated by eryth-
rocyte sedimentation rate) and prealbumin was found to be a 
predictor of hemoglobin in patients with inflammation [89].

Calorie Restriction

Changes with age include a gradual build up of degradative 
agents such as reactive oxygen and nitrogen species. Gene 
stability and function at fat-soluble and water-soluble sites 
within the mitochondria are affected by these reactive spe-
cies [90]. The only intervention that has been shown to alter 
this phenomenon is calorie reduction. Restriction of total 
caloric intake has been shown to delay the rate of primary 
aging in many species such as worms, flies, and mice [91] 
although the mechanism responsible for this is not clear. 
Candidate mechanisms of calorie restriction in these species 
include decreased oxidative damage due to a reduction of 
reactive oxygen species generation and increased removal, 
altered neuroendocrine function and decreased incidence of 

chronic diseases such as obesity, diabetes and cardiovascular 
diseases [92].

In overweight nonobese humans, caloric restriction 
improves whole body metabolic efficiency and lowers mark-
ers of oxidative stress [93]. Studies in mice and rats have 
shown that caloric restriction leads to a delay in immunose-
nescence – the expected decline in humoral and cell-mediated 
immune function associated with aging. The phenomenon 
may account for the delay in the development of certain neo-
plasms in these animals. Caloric restriction has also been 
shown to decrease the oxidative damage to proteins, lipids, 
and DNA resulting in decreased production of free oxygen 
radicals. Surrogate measures show that calorie restriction in 
humans reduces the risk factor for atherosclerosis and diabetes 
[94]. These include a very low level of inflammation as evi-
denced by low circulatory levels of c-reactive protein and 
TNFa, serum triiodothyronine levels at the low end of the nor-
mal range, and a more elastic “younger” left ventricle (LV), as 
evaluated by echo-Doppler measures of LV stiffness.

Nutritional Supplementation

Acute Care

Nutritional support in elderly patients is particularly impor-
tant during admission for acute illness. Attention should be 
focused on the initial medical or surgical management of the 
acute problem. Strategies to counteract decreased consump-
tion, poor appetite, and chewing problems are particularly 
critical in the elderly [95].

Enteral Nutrition

Physicians should be careful with orders that prohibit or limit 
oral intake. Such orders should be temporary in nature, with 
specific plans for nutritional supplementation in the event 
that the oral intake has to be withheld longer than antici-
pated. Fast-track rehabilitation may be possible in elderly 
patients following laparoscopic or open colonic surgery. In a 
small nonrandomized study, early enteral feeding and mobi-
lization coupled with pain relief and management of postop-
erative nausea and vomiting (PONV) was feasible in patients 
over the age of 70 and resulted in improved organ function 
and improved outcomes [96].

There is a need to determine values or markers that can 
help assess prognostic factors of 6-month mortality in 
patients admitted in the post-acute care setting. Functional 
and nutritional changes following an acute health crises can 
help determine such outcomes [97]. The INTERACTIVE 
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trial combines nutrition (recommendations of nutrient dense 
foods, provision of recipes and referral to community meal 
programs and supplementation with commercial liquid diets, 
protein supplements or multi-vitamins where deemed neces-
sary by a dietitian) and exercise therapy (exercise and fall 
prevention information) as an early intervention to address 
deconditioning, weight loss, and the ability to return to pre-
admission status in elderly patients following proximal femur 
fractures. The study will be completed in September 2009, 
following which the results will become available [98].

Meal replacement products are often used to supple-
ment oral intake in older adults. Liquid products, more 
than solid replacements, blunt the postprandial decline in 
hunger and therefore increase subsequent food intake in 
older adults [99].

Enteral nutrition is a preferred form of nutritional supple-
mentation in the postoperative period. It helps to maintain 
epithelial cell structure and function and also helps in main-
tenance of mucosal immunity. Enteral tube feeding may be 
necessary in elderly patients hospitalized for an acute illness 
when they are unable to eat or swallow but have a function-
ing gut. Short-term feeding is possible through a small bore 
nasogastric feeding tube that does not interfere with the 
patient’s ability to swallow. Radiographic evidence of proper 
placement of tubes is important before starting feeds. Full 
strength formulas should be used, starting at 25  ml/h and 
gradually increasing to reach the goal in 24–48 h.

Gastrostomy tube and jejunostomy tubes are used for 
long-term feeding, especially in patients who may require 
nutritional support for greater than 6–8 weeks. Temporary 
feeding tubes help maintain nutrition with the perioperative 
period. However, there is concern about placing feeding 
tubes in elderly patients who will not benefit from its inter-
vention and whose quality of life in terminal stages of illness 
is adversely affected. Problems encountered include need for 
placement in nursing homes, lack of social interaction, need 
for restraints to protect the feeding tube and cellulites at the 
tube sites. Multidisciplinary approaches and frank discus-
sions between the patient, the patient’s family, and physi-
cians can help with informed decision-making [100].

In patients with the prerenal disease, the BUN:plasma 
creatinine ratio may be greater than 20:1 due to an increased 
absorption of urea. BUN also increases with increased nitro-
gen intake. Adequate attention needs to be paid to high pro-
tein administration in elderly patients with impaired renal 
function [101]. These patients can retain excessive fluid 
resulting in peripheral edema and cardiac failure.

Fiber supplementation is important in enteral feeding. 
Although it does not have any effect on nutrition, it results in 
improved bowel function. In a study of 183 patients (mean 
age = 82 years), randomized to enteral feeds with and with-
out fiber, the patients who received fiber had reduced stool 
frequency and more solid stool [102].

Total Parenteral Nutrition

Elderly patients tolerate total parenteral nutrition (TPN) well 
and are not at greater risk of complications than their younger 
counterparts [103]. If oral feeds have to be withheld for 
greater than 7 days due to a nonfunctioning gut as in paralytic 
ileus, then TPN should be considered, through a centrally or 
peripherally inserted central venous catheter. There is no 
data showing any significant advantage of peripherally 
inserted central catheters over centrally inserted central 
venous catheters. A recent study showed that while peripher-
ally inserted lines were not superior to centrally inserted 
lines, the incidence of thrombotic complications was higher 
in peripherally placed lines. Other studies show that peripher-
ally placed lines have a lower cost of insertion, lower rate of 
infection, and lower complication rate [104].

Irrespective of the site of the intravenous catheter, paren-
teral nutrition can be associated with metabolic, infectious, 
and technical complications [105]. It should therefore be 
used for the shortest period possible and every attempt made 
to start enteral or oral feeding as soon as possible. Protein 
and caloric requirements can be provided and are calculated 
using the Harris–Benedict Equation. The goal is to achieve a 
positive nitrogen balance using amino acids, 10% dextrose 
and intralipids. Calorie requirements should be calculated 
carefully and patients should not be given excessive calories. 
Metabolic complications include hyper- or hypoglycemia, 
hyperlipidemia, hypercapnia, acid-base disturbances, and 
refeeding syndrome. Older patients are particularly suscep-
tible to overfeeding with resultant azotemia, hypertonic 
dehydration, and metabolic acidosis [106].

Liver dysfunction can occur when patients are on TPN. 
Liver function tests are monitored on a weekly basis. In a 
prospective cohort study of patients in 40 Intensive Care 
Units, administration of TPN within the first 24  h after 
admission was found to have a protective effect on liver func-
tion [107]. Once the patient is able to tolerate 50% oral intake 
or enteral feeds, TPN can be weaned off. Percutaneous lines 
should be left in place until there is assurance that the patient 
can continue to tolerate oral intake.

Frequent accuchecks are critical to avoid hypoglycemia. 
Patients are usually given 10% Dextrose at 50 cc/h during 
the weaning period. Inability to tolerate oral intake should 
be an indication of failure to wean and the patient should be 
restarted on TPN. The importance of glycemic control in 
older sick surgical patients, particularly in the ICU cannot 
be overemphasized. Hyperglycemia (glucose > 10 mmol/l) 
contributes to mortality seen in critically ill ICU patients. 
The incidence of infectious complications also increases 
with hyperglycemia. Currently glucose levels between 4.5 
and 6.1 mmol/l are recommended, as there is a significant 
risk of hypoglycemia in patients treated to tighter 
limits [108].
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Nutritional Issues in Specific Disease States

Few changes in the gastrointestinal system occur with aging 
and therefore signs and symptoms should be attributed to 
specific disease processes. Table 7.6 summarizes age-related 
alterations in the GI tract. The information is helpful in the 
evaluation and management of understanding nutritional 
needs in the elderly in the perioperative period [109].

Pancreatitis

Nutrition in the setting of acute pancreatitis is a challenging 
problem. Most of these patient present with abdominal pain, 
nausea, and vomiting. A metaanalysis of 11 randomized con-
trolled trials showed that enteral nutrition in comparison with 
parenteral nutrition resulted in a statistically significant (59%) 
decrease in infectious complications and a statistically non-
significant (40%) decrease in mortality [110]. A subsequent 
metaanalyses evaluated the effect of timing of the commence-
ment of feeds in patients with acute pancreatitis. When started 
within 48 h of admission, enteral nutrition as compared to 
parenteral nutrition showed a statistically significant reduc-
tion in the risk of multiple organ failure, infectious complica-
tions, and mortality. There was no decrease in multiple organ 
failure risk, infectious complications or mortality if initiation 
of enteral nutrition was delayed to greater than 48 h follow-
ing admission. This shows that timing of artificial nutrition is 
critical in patients with pancreatitis [111].

When enteral feeding is started, it is usually through a 
Dophoff tube with the tip positioned as distally to the ampulla 

of Vater as possible. Once the pancreatitis has resolved, low 
fat oral intake is encouraged.

Enterocutaneous Fistula

Maintenance of fluid and electrolyte balance is critical in 
the initial management of small bowel fistulas. Nutritional 
disturbances are present in 55–90% of patients with entero-
cutaneous fistulae [112]. Parenteral nutrition maybe initi-
ated and should include trace elements and vitamins. 
Enteral nutrition should be administered in small bowel fis-
tulas that are not expected to close spontaneously, in colo-
cutaneous fistulas and when fistula output does not interfere 
with wound care [113]. Clear fluid up to 500 cc/day can be 
ingested. Enteral nutrition should consist of low residue 
diets [114].

Pressure Ulcers

Pressure ulcers can be a significant drain on energy reserves. 
Advanced stage pressure ulcers cause a catabolic and this 
state is influenced by the volume of the ulcers [115]. Specific 
instructions should be followed by the nursing staff to prevent 
development of pressure ulcers during hospitalizations for an 
acute problem. MNA is a useful screening and assessment 
tool in multimorbid geriatric patients with pressure ulcers 
[116]. Identification and management of nutritional deficien-
cies can decrease the risk of developing pressure ulcers. 

Table 7.6  Gastrointestinal changes of senescence by segment

Segment of GI tract Age-related alterations in GI tract Diseases with nutritional consequences

Esophagus Minor alterations in UES Dysphagia
GERD

Stomach ↓ Pepsin activity Gastritis type A
↓ Prostaglandin synthesis Gastritis type B
↓ Mucosal blood flow Delayed gastric emptying
↓ Gastric fluid secretion Achlorhydria

Small intestine ↓ Lactase activity Bacterial overgrowth
↓ Intestinal blood flow Lactose intolerance
↓ Sodium/glucose co-transport Inflammatory bowel disease

Colon ↓ In neuronal density Constipation
↓ Wall elasticity from collagen deposition Diverticulosis
↓ Resting pressure of internal sphincter Angiodysplasia

Liver ↓ Liver size and blood flow Hepatic encephalopathy cirrhosis (hepatitis C, ethanol,  
primary biliary cirrhosis)↓ Dynamic liver function

Pancreas ↓ Pancreatic mass Pancreatic cancer
Ductular changes/fibrosis Chronic pancreatitis

Diabetes
Source: Adapted with permission from Dryden and McClave [110]
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Correcting zinc and calcium deficiencies and increasing the 
protein intake to 25% of total caloric intake increases the rate 
of healing of pressure ulcers.

Palliative Care

Artificial nutrition is considered medical treatment and not 
basic care [117]. The distinction is important because 
patients have a right to avail themselves of, or deny, medical 
treatment. Whenever possible, patient’s wishes regarding 
enteral nutrition, parenteral nutrition, and the acceptable 
length of time for such intervention should be elicited. The 
“TLC” model of palliative care encourages a timely and 
team-oriented, longitudinal, collaborative, and comprehen-
sive approach [118]. Artificial nutritional support is indi-
cated in patients with head and neck cancers or esophageal 
cancer who are unable to swallow but continue to have an 
appetite. However, it has not been shown to improve survival 

in patients with advanced cancer. Megestrol acetate can be 
used in these patients to stimulate appetite, as can a short 
course of corticosteroids. The patient’s condition, prognosis, 
and treatment goals should be discussed with patient and 
family. Treatment options should include curative treatment 
and palliative care. Treatment withdrawal should be dis-
cussed. Specific details of comfort care afforded to termi-
nally ill patients should be shared with patients. In a study of 
patients who had cancer or stroke as their terminal diagnosis, 
patients were offered food and assistance with feeding but 
without force. Fifty three percent of patients did not experi-
ence hunger; 34% initially felt hunger but this resolved. 
Sixty two percent of patients did not experience thirst or did 
so only initially [119]. When a terminally ill patient cannot 
make decisions, the advance directive should be consulted to 
obtain information regarding the patient’s wishes. If this 
does not exist, the legal guardian or first order relative of the 
patient will need to make decisions based on the patient’s 
known wishes. In unbefriended patients, the physician’s 
judgment should be used to determine a care plan [120].

Case Study

A 74-year-old man presented with an incarcerated ven-
tral hernia. At exploratory laparotomy he was found to 
have a small bowel perforation within the hernia sac. 
Following small bowel resection and anastomoses, his 
fascial defect was too large to be repaired primarily. It 
was therefore repaired with a double layer of vicryl mesh 
and wound vacuum device. His past medical history was 
significant for diabetes, hypertension, and remote history 
of left hemicolectomy for diverticular disease.

Nutrition Assessment included weight 125 kg, height 
175  cm, ideal body weight (IBW): 75  kg, percent 
IBW:167%, BMI = 41. Duration of inadequate nutrition: 
7 days. He was eating adequately until a week prior to 
admission. His albumin (1.9) was severely depleted but 
likely represented a stress response rather than long-term 
nutritional status. Preoperatively, it was recommended 
that he receive: 1,875–2,250 cal/day to maintain weight. 
As part of the weekly nutritional assessment, he was 
weighed three times a week, and visceral protein labs 
were checked once a week.

The patient was kept NPO following surgery. The 
nasogastric tube placed prior to surgery was removed 
on postoperative day 2; he was given clear liquids on 
postoperative day 3; and advanced to a regular diet on 

postoperative day 5 after return of bowel function. He 
was subsequently discharged home on postoperative 
day 6.

He was readmitted 2 weeks later following increased 
drainage from abdominal wound and found to have an 
enterocutaneous fistula with an output of 1,200 cc/day. He 
was kept NPO and started on total parenteral nutrition 
(TPN) through a PICC line. Three weeks later, examina-
tion of his abdominal wound revealed small bowel mucosa 
at the site of the enterocutaneous fistula. At this time it was 
felt that the fistula would not close spontaneously and that 
he would need to undergo an exploratory laparotomy with 
small bowel resection and anastomoses. He was started on 
a low residue diet and weaned off his TPN. He was allowed 
1,000  ml of free water per day to avoid dehydration. 
Calorie counts performed over a 2-day period showed an 
average calorie intake of 1,600 cal/day, with 80 g of pro-
tein per day. A higher protein intake of 113–135  g/day 
(1.3–1.5 g/kg) was advised.

At the time of his preoperative evaluation 5 months 
later, he weighed 125 kg.

His nutritional lab findings revealed an albumin of 
3.3. He underwent a successful takedown of his entero-
cutaneous fistula and repair of his ventral hernia with 
bilateral separation of components. Five days following 
his surgery he was tolerating a regular diet.
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Introduction

Wound healing impairment in the elderly has been accepted 
as a medical reality for many years now. The most devastat-
ing wounds in the elderly include pressure ulcers, diabetic 
foot ulcers, venous stasis ulcers, and poorly healing surgical 
wounds. Recently, improved wound care products (see 
Table 8.1) and best practice guidelines (see Table 8.2) have 
helped to improve care of elderly patients with these types of 
wounds.

However, to date there is no compelling clinical study that 
proves that increased age impairs wound healing. The best 
evidence available is from studies, performed four decades 
ago which reported an increase in the incidence of wound 
dehiscence after laparotomy in older men [1, 2]. Likewise, 
the incidence of anastomotic complications was reported to 
increase with age [3, 4]. None of these studies is definitive 
owing to the variability of patient co-morbidities such as 
nutrition, vascular insufficiency, and the presence and sever-
ity of diabetes. Furthermore, human wounds cannot be pre-
cisely matched. These factors make it extremely difficult to 
carry out a conclusive clinical study. In contrast, animal stud-
ies have successfully demonstrated age related defects in 
wound healing.

However, these classical studies, along with fundamental 
histological findings and, more recently, in-depth descrip-
tions of cellular functions and interactions remain the basis 
for future studies at a molecular and genetic level.

From a biological point of view, wound healing, tumor 
development and suppression, and aging are processes 
involving common mechanisms. Hayflick showed in 1961 
that cultured cells in vitro had a limited lifespan, thus giving 
rise to the term cellular senescence [5]. New and powerful 
methods, which are now routinely available, have introduced 
the concepts of telomeric attrition and DNA damage by 

oxidative stress [6]. Despite the growing body of knowledge 
and exciting fundamental research, cellular senescence and 
its mechanisms in  vitro have only tenuous links with the 
aging of a whole organism [7]. Therefore, animal models 
remain our best option to study the physiology of wound 
healing in the elderly.

Physiology of Wound Healing

From the moment of injury, the body responds with a series 
of complex interactions that culminate in the restoration of 
integrity. Under normal conditions, healing can be divided 
into four specific stages: coagulation, inflammation, fibro-
plasia, and remodeling. Although described in a sequential 
fashion, healing is an active, dynamic process that proceeds 
through a series of mechanisms that are often redundant and 
simultaneous.

Coagulation

Coagulation initiates the process that leads to healing. Injury 
disrupts tissues and cells and induces local hemorrhage. 
Vasoconstriction occurs almost immediately as a response to 
catecholamine release to limit blood loss. Tissue destruction 
induces mast cells to release various vasoactive compounds 
including bradykinin, serotonin, and histamine, which initi-
ate the process of diapedesis. Platelets from the hemorrhage 
help form the hemostatic plug by releasing clotting factors 
that produce fibrin and form the fibrin mesh onto which 
inflammatory cells migrate. Fibrin deposition is followed by 
fibrinolysis and the release of chemoattractive peptides, par-
ticularly fibrinopeptide E, which attracts monocytes, and 
fibrinopeptide B, which is angiogenic. In addition, platelet 
degranulation releases platelet-derived growth factor 
(PDGF), platelet factor IV, transforming growth factor 1 
(TGF-1), and insulin-like growth factor 1 or somatomedin C 
(IGF-1), all of which stimulate fibroblast replication. Platelets 
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Table 8.1  Wound care products categories

Product classification Most common brands

Antimicrobial dressings

Topical wound products derived from silver, iodine, and/or polyhexeth-
ylene biguanide

Available in
  Foams
  Alginates
  Hydrogels
  Hydrocolloids
  Barrier layers
May or may not need secondary dressing
Use in draining, and non-healing wounds where protection from 

bacterial contamination is desired

Silver products
  Acticoat absorbent dressing
*Aquacel Silver
  Contreet foam dressing
  Contreet Hydrocolloid
  Silva Sorb (silver hydrogel)
*Silverlon
*Silver Med (silver hydrogel)
Iodines
  *Cadexomer Iodines
*Iodosorb Gel
  Iodoflex Pad

Calcium alginate

Absorbs moderate to heavy drainage
Origin – brown seaweed
Non-woven fibers
  Ropes
  or pads
Absorbent and conforms to the shape of the wound
Absorbs up to 20 times its weight

*Aquacel is a hydrofiber, not a Ca alginate but performs in  
a similar fashion

  Curasorb
  Kaltostat
  SeaSorb alginate
  3M Tegagen
  Genteel calcium alginate
  Restore calcicare
  Sorbsan

Collagens

Promotes the deposition of newly formed collagen fibers and granula-
tion tissue in the wound bed. Stimulates new tissue development  
and wound debridement

Available in
  Sheets
  Pads
  Particles
  Gels

Fibracol + collagen with alginate
*Promogran Matrix
*Promogran Prisma Matrix (collagen + silver)

Composite dressings

Combination of two or more different products into one dressing,  
i.e., absorptive layer with an adhesive border for ease of  
application

*Alldress – low-adherent layer + absorbent pad + tape border
  Covaderm
  DermaDress
  Stratasorb
  3M Tegaderm Plus

Compression

Used to manage edema, promote venous return to the heart and manage 
wounds caused by venous insufficiency. Multilayered. Available in 
individual layers or packaged as a multi-layer system

Alto press (single-layer system)
Coban2 compression system
DYNA-FLEX (multi-layer system)
Profore (multi-layer system)
Seto press (single-layer system)
*Zinc Unna Boot + cotton padding + Flex wrap or Coban

Debriding agents

Debridement of necrotic tissue and liquefaction of slough
Dry eschar must be scored before applying debriding gel
Gels available by prescription only
Mesalt available in:
  Squares
  Ribbons

*Accuzyme (gel Rx)
  Gladase (gel Rx)
*Mesalt
  Panafil (gel Rx)
  Santyl (gel Rx)

(continued)
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Product classification Most common brands

Foams

Absorbs moderate to heavy drainage
Provide a moist environment and thermal insulation
Primary dressing for absorption and insulation, or secondary  

dressing for wounds with packing. Also effective to treat  
hypergranulation tissue. May be used under compression

Available:
  With adhesive border
  Without adhesive border
  Varied shapes and sizes

Allevyn
*Biatain
  Curafoam
  Hydrasorb
  Polyderm
  PolyMem
  3M Tegaderm Foam
  Tielle

Hydrocolloids

Absorbs light to moderate exudates
Occlusive or semi occlusive dressings composed of gelatin, pectin,  

and carboxymethylcellulose
Provide a moist healing environment
Promotes granulation in clean wounds
Helps debride necrotic wounds autolytically
Used as primary or secondary dressing
Available in:
  Thin or thick
  Varied shaped wafers
  May or may not have transparent film border
  May be used under compression
  May be opaque or translucent
  Also available in pastes and powders

Combiderm
Comfeel Plus
*DuoDerm CGF or -DuoDerm Extra Thin
RepliCare Hydrocolloid
Restore
*3M Tegasorb
*3M Clear Acrylic Dressing – new product that performs similar to a 

hydrocolloid. Absorbs more than a hydrocolloid. Clear acrylic that 
allows visualization of the wound. May extend wear time due to 
visualization

Hydrogels

Can absorb minimal drainage. Water or glycerin-based gels. Helps  
to maintain moist wound environment. Promotes granulation and 
epithelialization and facilitates removal of necrotic tissue or  
slough by autolytic debridement

Available in:
  Amorphous gels
  Impregnated gauze
  Sheets

Curafil Gel
Curasol Gel
*DuoDerm Gel
  IntraSite Gel
  Purilon Gel
  SAF-Gel
  TenderWet Gel Pad
  Curagel
  DermaGel
  Hypergel
  Normlgel
*Restore Hydrogel
  SoloSite Wound Gel
  3M Tegagel

Non-adherent layer

Wound contact layers used to prevent dressing from sticking  
to the wound bed

May or may not be impregnated with gel, petroleum jelly, or other 
compounds

Also used over hydrogel to keep gel in place and prevent secondary 
dressing from absorbing gel

*Adaptic
  Mepitel
*Vaseline gauze
*Xeroform Gauze

Transparent films

Non-absorbent
Adhesive, semi permeable, polyurethane membrane dressings  

that vary in thickness and size
Waterproof and impermeable to bacteria and contaminants,  

yet permit water vapor to cross the barrier
Maintain a moist healing environment, promoting granulation  

tissue and autolysis of necrotic tissue
Not recommended for infected wounds
Available in varied sizes

Clearsite
Dermaview
OpSite
*3M Tegaderm

When writing orders, refer to the product classification and not the brand name

Table 8.1  (continued)
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are critical in wound healing because they are the first to 
produce several essential cytokines thought to modulate 
many subsequent wound healing events [8].

Inflammation

The inflammatory stage is characterized by an increased 
migration of mast cells, polymorphonuclear leukocytes 
(PMNs), and lymphocytes into the wound. Within 24  h of 
injury, PMNs predominantly populate the wound area. Their 
role is more important for antibacterial defense than for repair. 
These cells are progressively replaced by macrophages, which 
are predominant by 48 h after injury. Macrophages stimulate 
replication and movement of fibroblasts and vascular endothe-
lial cells, which in turn regulate the repair of the connective 

tissue. When stimulated by injured tissue, fibrin, foreign 
bodies, low oxygen, and high lactate concentrations, mac-
rophages have been shown to secrete IL-1 (Interleukine-1), 
IL-6, IL-8, tumor necrosis factor-a (TNF-a), transforming 
growth factor-b (TGF-b), IGF-1, and fibroblast growth factor-
like molecules (LDGF). These factors regulate cell growth 
and chemotaxis of inflammatory cells, new fibroblasts, and 
endothelial cells. Inflammation is aggravated by the release of 
free radicals. The damaging effect of free radicals is enhanced 
by reactive hyperemia.

Fibroplasia

Fibroplasia is the stage where wound strength increases 
and integrity is restored. Fibroblasts originate locally, and 

Table 8.2  Pressure ulcer prevention best practices

Interventions Reason

Get resident out of bed if condition allows. Residents with skin 
breakdown, should be up a maximum of 2 h at a time

Redistributes weight bearing sites and minimizes the risks of immobility

Teach and encourage resident to shift weight every 15 min, assisting 
as necessary, while up in chair

Prevents pressure points from developing and allows blood flow to 
return. Helps prevent pressure ulcers from developing on the lower 
portion of the buttocks

Assist or provide resident with devices to maintain mobility, i.e., 
passive ROM, splint, hand cones

Lessens resident’s risk for development of a pressure ulcer or 
contracture

Turn and/or reposition non-ambulatory residents every 2 h minimum Rotates the sites of pressure and allows blood flow to return to an area 
where blood flow had been restricted

•	 Lift resident off bed, do not drag when moving, especially heels 
and sacrum

•	 Use a draw sheet to help when moving or turning resident
•	 Place socks or heel protectors on resident
•	 Place pajama top or elbow protectors on resident to protect 

elbows

Minimizes shear and friction which can tear the skin and damage the 
capillaries supplying blood to the skin

Elevate heels by placing a pillow lengthwise under the residents 
calves

Decreases pressure on the heels and may decrease shear and friction

Place resident on pressure reducing mattress Reduces effects of pressure
Place resident on pressure reducing cushion in chair Reduces effects of pressure
Use maximum of two incontinent pads under resident in bed Too many layers of linen between resident and pressure reducing 

mattress, will decrease the effectiveness of the mattress
Avoid incontinent pads over wheelchair cushion, use drawsheet or 

pillowcase for cover
Incontinent pads reduce effectiveness of pressure reduction provided by 

cushion
Inspect resident’s skin during bath, when changing clothes, etc. Identify any redness or skin break so that appropriate treatment or 

prevention measures can begin immediately
Apply lotion to bony prominences, back, and dry, flaky skin at bath 

time and prn
Keeps skin soft and supple

Apply moisture barrier ointment to the skin of an incontinent 
resident

Helps prevent incontinence from making the skin soft and prevents 
burning of the skin

Report frequent incontinence to ensure that appropriate methods of 
containment or treatment will be promptly implemented

Decreases the chance of complications from incontinence

Encourage resident to drink prescribed supplements and adequate 
amounts of water between and/or with meals. Report if resident 
refuses supplements

Helps maintain and/or improve nutritional status and hydration

Keep linen neat and wrinkle free Helps prevent shear and friction
Prevention is part of every aspect of wound care, regardless if a wound exists or not. Many recommended practices regarding pressure ulcer 
prevention are nothing more than “good old common sense.” Prevention requires a holistic approach from all members of the health care team
Source: Reprinted with permission from the Wound Care Education Institute



1118  Wound Healing in the Elderly

replication rates are proportional to oxygen availability. By 
72 h fibroblasts migrate into the wound and synthesize col-
lagen and proteoglycans. The latter are important extracel-
lular compounds that stabilize and support cells and fibrous 
components of tissue. Collagen synthesis starts as early as 
10 h after injury and reaches a peak between the first and 
second week before stabilizing. Initially, the collagen within 
a wound is comprised of large amounts of type III collagen 
but relatively little type I collagen. Collagen III provides 
strength during the late phase of wound healing by cross-
linking. Vitamin C plays an important role in this process.

During this stage, the production of ground substance in 
the matrix increases, and vessels proliferate. Neovascu
larization occurs along the steep oxygen gradient that char-
acterizes wounds. Regrowth of sympathetic nerve fibers is 
also associated with angiogenesis. Along with invading 
fibroblasts, fibronectin appears and promotes cell adhesion 
and phagocytosis, and it may be involved in matrix remodel-
ing. Fibrinogen, laminin, and fibronectin constitute a frame-
work from which new vessels can form and reepithelialization 
can occur. Reepithelialization is a complex phenomenon in 
which resting G

0
 cells (cells in the inactive phase of mitosis) 

are recruited from the margins of the wound, followed by 
migration of epidermal cells. This process is essential for 
reconstitution of cutaneous barrier function [9]. It has been 
suggested that as the wound epithelializes, inflammation is 
downregulated owing to the presence of apoptotic cells at the 
advancing epithelial wound edge [10–12].

Remodeling

Remodeling is an extensive phase during which collagen is 
produced and remodeled to reach an equilibrium between 
collagen formation and destruction by collagenases. The 
type III/type I collagen ratio decreases allowing the mature 
type I collagen fibers to cross-link, organize, and rearrange 
along the tension lines of the skin. Acute and chronic inflam-
matory cells gradually diminish, and fibroplasia ends. 
Fibronectin that guided the migration of multiple cells dur-
ing earlier phases is removed within a few weeks [13].

The first migration of epithelial cells has been observed 
6–48  h following an injury, and epidermal proliferation 
reaches maximum values at 12–48  h. Neovascularization 
regresses, and a mature scar is formed.

Aging and Wound Healing

While clinical studies have not been able to clearly demon-
strate an isolated age related defect in healing in humans, ani-

mal studies have shown this age related defect. In human 
studies, confounding variables of nutrition and vascular insuf-
ficiencyand the difficuty in identifying sufficient numbers of 
identical wounds, make a definitive study impossible. On the 
other hand numerous animal studies demonstrate very clearly 
an impairment of wound healing in the elderly compared to 
the young.

Coagulation and Inflammation

Specific age-related alterations in both the coagulation and 
immune system have been shown to influence wound heal-
ing. Older patients show signs of vascular fragility or risk of 
hemorrhage. However, the cellular and molecular events that 
could support these clinical findings are unclear. Frequent 
comorbidities and impaired renal function are the primary 
reasons for hemostasis dysfunction [14–16].

Platelet and macrophage adhesion to substrates within the 
wound increases while macrophage function declines [17]. 
Old mice display a slower wound healing rate when com-
pared to young mice [18]. Furthermore, wound healing is 
accelerated when macrophages from young mice are added 
locally to wounds of old mice. It is possible that the migra-
tory capacity of macrophages in addition to other mac-
rophage functions are affected by age, and the correction of 
such dysfunction might stimulate wound healing [19]. In 
accordance with the above reports, Ashcroft et al. observed a 
similar phenomenon. At 7 days after injury, wounds of young 
animals consisted of mature granulation tissue and scattered 
inflammatory cells, whereas the wounds of middle-aged and 
old mice showed persistent inflammation and immature 
granulation tissue [20].

Any study of macrophages is affected by their source 
(spleen, liver, brain, bone, mice, humans) and their state of 
activation and the experimental conditions (circulating mac-
rophages, peritoneal exudates, in  vivo, in  vitro) leading to 
contradictory results in the cellular functions like chemot-
axis and phagocytosis. However, there is a general consensus 
that macrophages are impaired by aging at a molecular level 
including a decrease in cytokine production and dysfunction 
of intracellular signaling pathways like NF-KappaB [21].

T cell-mediated immune function also deteriorates during 
aging. There is a loss of T cell proliferative capacity, a decline 
in the synthesis and release of IL-2, and a decrease in IL-2 
receptor expression. A major factor responsible for the loss of 
T cell function is the inability of the T cell to respond to acti-
vation signals transmitted through the membrane binding of 
specific stimulatory signals [22]. An IL-2 deficit alone cannot 
explain these effects because exogenous administration of 
IL-2 does not completely restore the decreased T cell prolif-
erative response of the elderly. A defect in the IL-2 receptor 
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expression or function may exist. In addition to IL-2, T cells 
have an increased ability to produce interferon-g (IFN-g), 
IL-4, IL-6, and TGF [23, 24]. Aging is associated with a 
decrease in cytotoxic lymphocyte activity and a reduction in 
lytic capacity. A significant portion of the age-related decline 
in CD8+ T cell-mediated cytotoxic activity is secondary to 
age-related alterations in the CD4+ T cell subset. The well-
documented diminution in IL-2 production with age may 
contribute to the defect seen in the CD4− cells [25].

Proliferation

Cell proliferation is affected by aging in a number of ways. 
Fibroblast migration in vitro is reduced, but the number of 
cells within an acute wound is not altered. Fibroblast prolif-
eration declines as well. It seems that the mitogenic and 
stimulatory effects of growth factors, hormones, and other 
agents are significantly reduced during aging [26, 27]. The 
in vitro loss of responsiveness to specific stimulatory cytok-
ines also occurs, with no changes in response to inhibitors 
[28]. In addition, fibroblast cultures from premature aging 
syndromes such as Werner syndrome, show a significantly 
reduced mitogenic response to PDGF, fibroblast growth fac-
tor (FGF), and serum [29, 30].

In addition to these intrinsic alterations, a detrimental 
microenvironment such as hypoxia has been demonstrated to 
have a dramatic effect on the migration of fibroblasts imped-
ing even further the healing capacity of the elderly [31].

Studies show that epidermal behavior in elderly subjects 
differs from that of young subjects. Reepithelialization has 
shown to be delayed in wounds of old mice [32]. The rate of 
epithelialization of open wounds is slowed in elderly 
patients compared to that in young individuals [33, 34]. 
This is due, in part, to a longer migration time for the kera-

tinocytes to migrate from the basal layer to the epidermal 
surface [35].

Moreover, in vitro studies have revealed a decline in kera-
tinocyte responsiveness to stimulatory cytokines, an increased 
response to inhibitory cytokines, and a decline in IL-1 pro-
duction in elderly patients. This physiologic delay, when 
coupled with other factors that impair epithelial repair, may 
result in significant healing problems in the elderly.

Several studies have described changes in angiogenesis 
during aging. Elements of the microvasculature in young rats 
are periodic acid-Schiff (PAS)-negative and become increas-
ingly PAS-positive beyond the halfway life-span. This obser-
vation reflects an increase in the carbohydrate content of 
blood vessels with aging. During acute wound repair in old 
animals the microvasculature is PAS-negative after injury 
and intensely PAS-positive after 8  weeks, reproducing the 
process of aging in an accelerated manner [36].

Aged endothelium may exhibit an increased adhesive 
response to leukocytes and TNF-a. Furthermore, IL-1 pro-
duction increases and subsequently endothelial cell prolifer-
ation declines but vascular smooth muscle cell proliferation 
increases.

Recent work may guide the way to understanding the 
precise biological processes that are impaired in the elderly. 
Instability of hypoxia inducible factor I alpha (HIF) seems to 
be involved in the impairment of neovascularization and 
wound healing in elderly mice [37, 38]. HIF is a transcrip-
tion factor that upregulates the expression of numerous 
angiogenic peptides including vascular endothelial growth 
factor (VEGF), platelet-derived growth factor (PDGF), 
Angiopoietin 1 and 2, as well as placental growth factor [38, 
39]. Delivery of a constitutively stable form of HIF can 
improve wound healing in diabetic mice (see Fig. 8.1), and 
this improvement in wound healing is associated with 
increased angiogenesis [38]. Recently it has been shown that 
aged mice had significant upregulation of hydroxylases 
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which degrade HIF. The aged mice had significantly delayed 
wound healing (see Fig. 8.2) with reduced levels of HIF and 
downstream transcription products (see Fig. 8.3) as well as 
decreased neovascularization, compared with younger mice. 
Inhibitors of hydroxylation of HIF tended to improve wound 
healing in the older mice [37]. These studies provide an 
interesting insight into the biology of impaired wound 
healing in the elderly and suggest strategies for directly 
addressing the problem with targeted treatments. In addition 
to this recent work on the role of HIF in the impairment of 
wound healing in the elderly, defects in other aspects of 
wound healing have also been demonstrated.

Remodeling and Collagen Deposition

The structure of the extracellular matrix changes with age. 
Aging is associated with significantly reduced levels of wound 
matrix constituents, including collagen, basement membrane 
components, glycosaminoglycans, and fibronectin [40].

It is assumed that anastomotic strength and collagen metab-
olism are primarily determined by assessing collagen synthe-
sis and content [36]. Collagen metabolism also seems to be 
altered by aging, with decreased production and increased 
degradation, although animal studies have reported conflicting 
findings and no general agreement has been reached [40–42]. 
In healthy human volunteers, intrinsic aging can be studied 
excluding extrinsic aging like UV light exposure. In covered 
skin, age will show a decrease in collagen content when, in 

contrast, this content will be increased in exposed tissue. In 
both situations, age will constantly show a disorganization of 
the collagen and elastin fibers and architecture [43].

Wounds have been reported to change with age. The ten-
sile strength of skin is positively correlated with collagen 
fiber diameter. During normal wound healing, the tensile 
strength of wounds increases with time, despite a decrease in 
the rate of collagen synthesis. The breaking strength of 
wounds in old animals has been found to be lower than that 
of young animals [44, 45]. This difference is believed to be 
due to less organized collagen fiber arrangement [46]. Tensile 
strength and energy absorption of abdominal incisional 
wounds are lower in old rats than in young rats by the fourth 
postoperative day. If wound strength is in fact impaired in the 
elderly, collagen might not be the only element involved in 
this phenomenon. A defect in the synthesis of noncollage-
nous proteins such as glycosaminoglycans, laminin, enzymes, 
and cytokines may affect the mechanical properties of 
wounds in the elderly. Imbalance between matrix metallo-
proteinases and their inhibitors [tissue inhibitors of metallo-
proteinases (TIMPs)] has been shown in humans but, to 
complicate things further, this phenomenon seems tissue and 
cell type dependent [27, 47].

Skin Stem Cells

Different types of adult stem cells have been found in the 
skin and are protected within a specific niche by a group of 
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specialized niche-cells from extrinsic trauma. It has been 
observed that the number and self-renewal capacity of these 
stem cells are not affected by age, but their specific role, 
which is the ability to produce differentiated effector cells, 
declines [48].

Muscle and hepatic production of progenitor cell also 
decline with age. Exposure to young animals’ systemic factors 
(serum) has increased, in  vitro, the capacity of niche-cells 
from liver tissue of aged animals to proliferate and increased 
the gene expression of specific remodeling pathways to levels 
seen in younger animal tissues [49]. These findings, together 
with the study of dermal gene expression, suggest that epider-
mal stem cells are resistant to intrinsic aging, but sensitive to 
changes in the local environment. Recently, strong data sup-
ports the new idea of stem cells within hair follicule bundles 
homing into epidermal scar tissue. This finding opposes a 
common paradigm that hair follicules do not regenerate [50]. 
This whole new field in medicine holds great promise for 
future treatment in tissue repair and cell-based therapies.

Co-morbidities

Co-morbidities can further impair the healing process in the 
elderly. Often co-morbidities appear to be the primary 
impediment to successful wound healing. Careful clinical 
evaluation of the patient can reveal the presence of disease 
processes that require intervention.

Nutrition

Frequent minor deglutition accidents, loss of appetite, and 
loss of social interaction are the major causes of malnutrition 
in the aging population. Poor nutrition is associated with 
impaired wound healing [51], with decreased wound tensile 
strength, decreased T-cell function, decreased phagocytic 
activity, and decreased complement and antibody levels.

However, the nutritional status will affect the healing 
course differently depending on the type of wound. A 
wound such as a surgical incision or colonic anastomosis 
that heals by primary intention could heal in a malnour-
ished patient in a reasonable time if protected from infec-
tion. On the contrary, a wound like a bed sore or a large 
burn that heals by secondary intention will be severely 
affected by a poor nutritional status and could trigger a state 
of catabolism [52].

Animal studies have helped us understand this relation. 
A  commonly encountered degree of malnutrition, insuffi-
cient to affect nutritional indices used for clinical assess-
ment, may interfere with colonic healing. Early feeding to 
enhance nutrition during the postoperative period may be 

able to reverse this effect [53]. Daly et al. showed that rats 
deprived of protein for only 1 week exhibited a 17% reduc-
tion in mean bursting strength of colonic anastomoses com-
pared to that of controls. They also observed a correlation 
between serum albumin and bursting strength with prolonged 
malnutrition [54]. These studies were later confirmed by 
Irving, who showed that severe protein deprivation reduced 
the breaking strength of abdominal wall wounds. A recent 
animal study from 2009 confirmed these original findings. 
Malnutrition impairs the healing of colonic anastomosis and 
a proper food intake given to malnourished rats 7 days prior 
to surgery will normalize the anastomosis tensile strength 
and its collagen contents [55].

In humans the wound healing response has been assessed 
by measuring the collagen content (hydroxyproline) of 
subcutaneously inserted Gore-Tex tubes. In this respect, a 
delay in the wound healing response is also seen in malnour-
ished elderly surgical patients; but contrary to what happens 
in animals, it occurs even with mild degrees of protein–
calorie malnutrition [56]. In addition, low serum levels of 
nutritional markers such as albumin and transferrin correlate 
with a high incidence of wound complications in elderly 
patients undergoing vascular operations [57].

The wound healing response, measured by hydroxypro-
line accumulation, is improved by intravenous nutrition in 
surgical patients. This improvement is seen after only 
1 week of nutritional therapy and before the indices of nutri-
tional status are significantly changed [58]. In the latest 
meta-analysis update from the Cochrane collaboration on 
nutritional supplementation for hip fracture aftercare, oral 
multinutrient feeds seem to reduce the risk of unfavourable 
outcomes, but data are insufficient to recommend nasogas-
tric feeding, whereas protein-rich supplementation may 
reduce long-term complications and the number of days 
spent in hospital [59]. ESPEN guidelines on parenteral 
nutrition are in agreement with this review and conclude 
that a time limited parenteral support is beneficial only to 
severe malnourished patients and should be quickly replaced 
by intraoral intake [60].

Diabetes

Diabetes has been shown to impair wound healing and 
increase the potential for infection. Cruse and Foord demon-
strated that diabetic patients have five times the risk of infec-
tion in a clean surgical wound compared to nondiabetic 
patients. Obesity, insulin resistance, and hyperglycemia all 
contribute significantly and independently to the wound 
impairment observed in diabetics [61, 62].

In experimental animals, insulin restores collagen synthe-
sis and granulation tissue formation to normal levels if given 
during the early phases of healing [63]. However, this is not 
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the case in phenotypically obese mice [38, 64]. In humans 
with juvenile-onset diabetes, insulin treatment ensures nor-
mal wound collagen accumulation. Specific phases of wound 
healing involving collagen metabolism and cellular prolifer-
ation as well as chemotactic, phagocytic, and adherence 
properties of neutrophils have been shown to improve with 
insulin administration or lowering of the blood glucose level 
below 200 mg/dl. Careful preoperative correction of blood 
glucose levels can improve the outcome of wounds in dia-
betic patients [65].

Future approaches in diabetic wound treatments will 
probably take into account the critical role played by 
advanced glycoxidation products that seem to act negatively 
both on the vascular and peripheral nerve injuries sustained 
by diabetic patients [66].

Hypoxia and Hypoperfusion

Local tissue perfusion and oxygenation are key elements in 
wound healing [67]. Unfortunately, the elderly experience a 
progressive decline in health and are more prone to develop 
diseases that compromise tissue perfusion. Diabetes, arterio-
sclerosis, venous insufficiency, and cardiac failure are among 
the major diseases that can affect local oxygen delivery. It is 
even possible that a substantial portion of surgical patients 
are hypoperfused [68]. Healing of ischemic wounds in old 
animals is impaired by 40–65% (wound shrinkage) com-
pared to similar wounds in young animals [69]. Tissues from 
older animals are less tolerant to ischemia with increasing 
age. Consequently, limiting ischemia time during surgical 
procedures in older patients is beneficial [70].

Collagen synthesis requires oxygen as a cofactor, espe-
cially during hydroxylation of proline. Oxygen tensions in 
surgical wounds are often below what is desirable [71]. 
Perfusion during the first postoperative days seems to be cru-
cial for collagen accumulation. In fact, collagen deposition is 
directly proportional to wound oxygen tension and other 
measurements of perfusion [72]. Interestingly, moderate 
anemia does not influence collagen deposition. Thus replac-
ing fluid postoperatively based on the results of tissue oxy-
gen tension measurements rather than clinical criteria may 
improve the overall wound healing response [67, 73]. The 
use of a transcutaneous oxymeter device has proven useful in 
predicting a successful wound closure but no consensus has 
been reached in clinical practice [74].

Infections

Infection of surgical sites and healing of secondarily infected 
wounds, are two wound problems commonly affecting aged 
patients with various co-morbidities.

Surgical site infection is the most frequent nosocomial 
infection in hospitalized patients and will affect at least 2% 
of all surgical patients and up to 20% of patients undergoing 
some specific surgical procedures. Local wound infection 
represents the most frequent cause of defective wound heal-
ing. These numbers are very likely underestimated because 
of a lack of documentation concerning patients prematurely 
discharged in the context of private insurance coverage [75]. 
The transfer of the cost of disabilities, depression, and death 
due to these infections to the community is therefore very 
high [76].

For classification purposes, these infections have been clas-
sified according to the initial incision (superficial, deep, organ/
space) and the preexisting infectious risk (clean, contaminated, 
dirty, infected). This classification is now essential to deter-
mine a risk index, to study various risk factors, and suggest 
specific practice guidelines [77] including the use of general 
measures, skin preparation, and surgical environment and 
eventually antimicrobial prophylaxis. These measures can be 
found in extensive reviews [78, 79].

The clinical examination is the first most important ele-
ment to recognize a wound that is being challenged by a bac-
terial infection. The loss of bacterial balance can affect the 
wound superficially or within deeper tissues. The most 
important evidence of this imbalance is the delay in wound 
closure and the presence of an exudate. Odor, pain, and sur-
rounding tissue inflammation will indicate uncontrolled 
infection, but these signs may be less obvious in the elderly 
patient [80]. Therefore, it may be necessary to study the bac-
terial contents of the wound.

The mere presence of organisms in a wound is less 
important than the level of bacterial growth. Experimental 
data have shown that bacterial growth of more than 100,000 
organisms per gram of tissue is necessary to delay or inhibit 
wound healing. The bacterial growth can be measured in 
the clinic by performing a biopsy for culture. It is more reli-
able than a bacterial swab that can isolate superficial nonin-
vasive bacteria and miss the anaerobes responsible for the 
infection [81].

Recently, the pathophysiology of infections associated 
with chronic wounds has begun to be better defined. Many 
more microorganism species have been identified [such as 
methicillin resistant Staphylococcus aureus (MRSA)] but 
most of them develop in the form of biofilms. This com-
plex structure supports colony growth, retention of nutri-
ents, and formation of water channels and allows cell–cell 
communication and even gene transfer through transduc-
tion [82]. In addition, bacterial cells in these structures are 
protected from antimicrobial agents and host defenses, 
explaining the frequent inability to eradicate them in infec-
tions. In addition, developing molecular microbiology 
techniques (nucleic acid amplification-PCR and metagenomic 
methods) have shown that chronic wounds from different 
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etiologies will display a different microorganism population 
and therefore require different treatment regimens. These 
molecular techniques are indeed reserved for the research 
community but should become a standard for resistant 
wounds [83].

Drugs

The major effect of steroids is to inhibit the inflammatory 
phase of wound healing. The stronger the anti-inflammatory 
effect of the steroid used, the greater is the inhibitory effect 
on wound healing [84, 85]. Large doses of steroids reduce 
collagen synthesis and wound strength. Dexamethasone 
increases the frequency of colonic anastomotic rupture 
5 days postoperatively [86]. In addition, long-term periop-
erative steroids have a deleterious effect on colonic anasto-
moses and skin healing [87, 88]. Short-term high preoperative 
and postoperative steroid therapy does not decrease the 
strength of the anastomoses as measured by bursting pres-
sure. Treatment with a single preoperative high dose of meth-
ylprednisolone may improve pulmonary function and reduce 
the inflammatory response without having a detrimental 
effect on collagen accumulation in the wound [89].

Cancer therapies have long been known to affect wound 
healing adversely. Chemotherapeutic antimetabolite drugs 
inhibit early cell proliferation, which is crucial to the onset 
of successful wound repair. Radiation therapy also has 
unwanted effects, as it can induce fibrosis, strictures, and 
ischemia in adjacent tissues. It can also generate an early 
decrease in seromuscular blood flow in colorectal anastomo-
ses, although single preoperative doses may not compromise 
healing [90].

Other drugs may also have unexpected adverse effects on 
wound healing. Octreotide, a somatostatin analogue com-
monly used in surgical patients, has been shown to decrease 
wound breaking strength in experimental animals; these 
effects are comparable in magnitude to those caused by 
steroids [91].

Therapeutic Approaches

The healing impairment in aged individuals is a combination 
of intrinsic and extrinsic factors that act at multiple levels of 
the healing cascade. As a result, a multifaceted therapeutic 
approach is necessary. In addition, the incomplete success in 
translating animal research results to human clinical applica-
tions demonstrates the complexity of human biology in 
which, identification of relevant subtypes will be the next 
avenue to explore.

The correct assessment and correction of co-morbidities 
will be the first major step to take to achieve success. Each 
co-morbidity will have a specific age-related treatment to 
render with the relevant medical specialties.

Nutritional Support

Nutritional support will have to be adapted to the degree of 
malnutrition, the urgency in closing the wound, and the abil-
ity of the patient to tolerate nutritional intake. General nutri-
tional support can be started by mouth if there is no deglutition 
problem, which generally manifests itself as a pulmonary 
infection in the elderly. Enteral nutrition is a very effective 
way to correct malnutrition and should not be delayed for 
patients with even a moderate 10% weight loss. Specific 
nutritional supplementation such as arginine, vitamin A, 
vitamin C, and zinc have been shown to be effective experi-
mentally, but their mechanisms of action are still unclear. 
Again, subpopulations of patients have responded differently 
to specific supplements depending on their comorbidities 
and the type of wound.

Growth Hormone

In wound healing research studies, growth hormone (GH) 
has been shown to increase the strength of incisional wounds 
[92]. Rats treated with preoperative and postoperative GH 
experienced an increase in breaking strength and collagen 
content of colonic anastomoses. The increments in these 
parameters were accompanied by an increase in collagen 
deposition in the anastomotic segment. These effects were 
seen only when GH was given during the healing phase [93]. 
GH seems to stimulate structural organization of the anasto-
motic collagen fibrils into fibers [94]. In addition, GH admin-
istration significantly improves skin wound strength in 
malnourished rats [95].

GH appears to exert its favorable effect in part by stimu-
lating IGF-1 synthesis; in turn, IGF-1 mediates the anabolic 
effects of GH. IGF-1 is released early during wound heal-
ing by the lysis of platelet  alpha granules and later by 
fibroblasts. This molecule stimulates fibroblast and 
endothelial cell proliferation as well as collagen synthesis 
[96]. IGF-1 appears to be critical for effective wound 
healing.

Rats depleted of IGF-1 experience a 50% decrease in 
wound protein, DNA, hydroxyproline, and macrophage 
concentrations. Moreover, infusion of IGF-1 into the 
wounds restores these variables [97]. Similar to GH, IGF-1 
increases wound breaking strength in rats. However, its 
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effect is evident only when it is combined with one of its 
specific binding proteins, such as IGFBP-1 [98, 99].

In clinical studies including those on burn patients, growth 
hormone can significantly reduce wound closure times and 
the length of hospitalization. In addition, it may accelerate 
donor site wound healing rates by 25%. With this increase in 
healing, patients with massive (>60% total body surface 
area) burn wounds can undergo further skin grafting proce-
dures earlier [100–102]. The good results obtained with GH 
therapy in terms of the healing rates for donor sites and burn 
wounds are encouraging. The adverse effects of GH are mul-
tiple and potentially severe: carpal tunnel syndrome, periph-
eral edema, joint pain and swelling, gynecomastia, glucose 
intolerance, and possibly increased cancer risk. Caution 
should be exercised when considering treatment with growth-
hormone [103–105].

Oxygen

Chronic wounds are hypoxic and arterial and venous diseases 
are not sufficient to fully explain the phenomenon. Using 
new models, mathematical models [106], hypoxia chambers 
models [39, 107], or local ischemia animal models [108], 
new tools to improve oxygen availability in wounds are being 
developed.

In a systematic review of human trials hyperbaric oxygen 
has been found to be efficient in treating diabetic foot ulcers 
but has not proven effective on arterial ulcers [109]. Reports 
of successful topical application of oxygen are encouraging 
but not completely convincing [110–112].

Gene Therapy

Growth factors are proteins that act as regulators of the cel-
lular mechanisms and are intensely involved in the wound 
healing process. As some of these growth factors have been 
found deficient in elderly animal wounds, it has been postu-
lated that the addition of growth factors should be sufficient 
to stimulate an adequate healing response. Topical applica-
tion of growth factors has been shown to have a healing 
effect in animal experiments. PDGF (Regranex, Ortho-
McNeil) has been approved by the FDA for the treatment of 
diabetic neuropathic ulcers [113]. Because of the presence of 
the wound eschar and proteases, daily application is required 
and only a marginal effect has been demonstrated, compared 
to placebo (50 versus 37% of complete healing). Direct 
injection of naked DNA in the wound requires repeated 

injections of high doses, which can actually impair wound 
healing [114].

In some instances topical application and direct injection 
can be inappropriate, and hence new methods of delivering 
the DNA into the cells had to be developed. These methods 
can be classified as chemical, mechanical, and virally medi-
ated methods. Liposomes directly interact with the cell mem-
branes to transfect the plasmid load [115]. The Gene Gun uses 
high air pressure to fire gold beads coated with DNA plasmids 
through the skin [116]. Liposomes and Gene Gun techniques 
have shown very variable transfection results. Electroporation 
might be the delivery method, which will be used in clinical 
settings in the near future. With the application of an electrical 
field through the skin, the cell membranes are made tran-
siently permeable to charged macromolecules such as plas-
mid DNA. The cellular uptake is less than with a viral vector 
but better than the other chemical or mechanical methods and 
has not shown any associated risk. Electroporation has been 
used in human beings to treat specific cancers and to improve 
the efficacy of DNA vaccines [117–119]. Virally mediated trans-
fer (called transduction) has a high transduction efficacy but 
there are serious concerns about its safety and pathogenicity 
[120]. The use of Lentiviruses instead of adenoviruses might 
reduce these risks.

Tissue Engineering

After more than a decade of progress in biomaterials and cell 
cultures, bioengineered skin substitutes are now available. 
Different types can be used: Cultured epidermal graphs 
(Epicel* Genzyme Tissue Repair), dermal substitutes 
(AlloDerm* LifeCell), dermal and synthetic epidermal sub-
stitutes (Integra*, Integra Life Sciences), and bilayered liv-
ing skin constructs (Apligraph*, Novartis). The primary 
indications are life-saving immediate coverage of burn 
wounds, reducing the need for autographs, and closing 
chronic wounds. The products will improve as the under-
standing of their mechanism of action increases [121].

Conclusion

It is apparent that the wound healing response is altered in 
the elderly compared to that in young individuals. Inflam
mation, angiogenesis, epithelialization, and remodeling show 
changes that may consequently impair wound healing. 
However, in elderly patients not suffering from concomitant 
diseases, the rate of wound healing is normal or slightly 
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reduced. It is still difficult to reach definite conclusions on 
certain wound healing processes such as collagen metabo-
lism, and the influence the above changes may have on mor-
bidity and mortality.

Nonetheless, a clear relation is observed between wound 
healing and certain disease states (i.e., malnutrition, infec-
tions, hypoxia and reoxygenation, diabetes, and drug interac-
tions). Patients with these conditions should be carefully 
evaluated and supplementation with growth factors and nutri-
ent supplements considered. The potential uses of these fac-
tors may be of importance for wound healing in critically ill 
patients.

Local Wound Management in the Elderly

This chapter has reviewed the patho-physiology of wound 
healing impairment in the elderly and outlined systemic 
approaches to improve wound healing by improving blood 
flow, nutrition, oxygenation, and metabolic status. Now 
attention is turned to the local management of the wound. 
There are now consensus-based practice guidelines which 
provide a basis for management of all the major wound types 
in the elderly. Pressure ulcers are of such importance that the 
staging system for categorizing these wounds and guidelines 
for their prevention are included (see Fig. 8.4 and Table 8.1). 
In addition, we have categorized frequently used wound 
dressings in Table  8.2. The best practices for the care of 
chronic wounds including pressure ulcers, diabetic foot 
ulcers, and venous ulcers are available on line at the website 
of the Wound Healing Society [122–124]. The best practices 
in caring for acute wounds and avoiding impediments to 
wound healing in the elderly are currently only available as a 
journal article [125]. These guidelines are based on the con-
sensus of experts and the authors of this chapter consider 
them to be the best guidance available for the care of wounds 
in patients of any age.

As surgeons, the most important principle to follow is the 
complete debridement of necrotic tissue. Adequate debride-
ment of a large pressure ulcer often requires a trip to the 
operating room with adequate anesthesia to debride not only 
skin, but muscle and frequently bone as well. The days of 
performing these types of debridements at the bedside, or in 
the clinic should be behind us. Inadequate debridement will 
doom an elderly patient to failed healing, chronic wounds, 
and associated morbidity and mortality.

Surgeons also have to be vigilant in identifying and treat-
ing deep necrotizing soft tissue infections. Here, the decision 
to go to the operating room and excise the area of infection 
can be lifesaving. Erythema, pain, and swelling may be all 
that are required to make the diagnosis. Performing a CT 

scan, which shows air bubbles in muscle, or a needle 
aspiration to identify bacteria by gram stain or culture can 
waste valuable time and lead to poor outcomes, including 
mortality.

The availability of new dressings has improved outcomes 
for elderly patients with wounds. The important features of 
these new dressings include the capacity to hydrate the 
wound with a gel or alginateand antimicrobial effectiveness 
based on the presence of silver ion in the dressing. User 
choice determines which of the many types of dressings is 
preferable for a given patient.

Negative pressure dressing is an important advance that 
has been introduced over the past decade. Negative pressure 
dressing has been engineered to be applicable to open wounds 
ranging from small to large, including even the open abdo-
men. The system has revolutionized the nursing care of 
wounds, making the three times a day dressing changes a 
thing of the past. Negative pressure dressing can be applied 
and left in place for up to 3 days with good results. Importantly 
infection must be controlled in the wound prior to deploying 
it. Negative pressure dressing does not replace the need for 
surgical debridement. The wound must be debrided and clean 
for the negative pressure dressing to be effective. Infection 
can advance under such a dressing, even with a silver antimi-
crobial in place, if adequate debridement has not been 
performed.

Pressure ulcers remain a significant problem in the elderly 
and preventive methods can decrease their incidence. For 
this reason the pressure points where bony prominences lie 
under the soft tissue are highlighted in Fig. 8.5 (see Fig. 8.5). 
These areas must be carefully protected using the best prac-
tice guidelines in Table  8.1. When a stage I ulcer appears 
with erythema, this is a dangerous signal that ulceration is 
about to begin. Efforts should be re-doubled to avoid weight 
bearing on the vulnerable tissue. Pressure reducing strategies 
include frequent turning and off-loading with pillows as well 
as the other modalities listed Table 8.1. Prevention of pres-
sure ulcers requires diligent nursing care and may sometimes 
be impossible for the extremely vulnerable patient with poor 
nutrition, cachexia, and contractures. Pressure reducing and 
air-flow mattresses are expensive and their cost effectiveness 
is unclear. These beds play a role in the management of the 
very vulnerable patient. Occasionally a colostomy is required 
to prevent tissue maceration in patients with incontinence. 
This strategy will sometimes achieve healing of a recalci-
trant ulcer, or it may be performed prior to a major surgical 
tissue transfer procedure to cover a particularly severe pres-
sure ulcer.

Absent from the list of treatment options, is a means to 
specifically accelerate wound healing. The only FDA 
approved treatment option of this type is Regranex* 
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Figure  8.4  Staging system for decubitus ulcers. (a) Normal tissue.  
(b) Stage I: An observable pressure related alteration of intact skin 
whose indicators as compared to the adjacent or opposite area on the 
body may induce changes in one or more of the following: skin tempera-
ture (warmth or coolness), tissue consistency (firm of toggy feel), and/or 
sensation (pain, itching). The ulcer appears as a defined area of persis-
tent redness in lightly pigmented skin, whereas in darker skin tones, the 
ulcer may appear with persistent red, blue, or purple hues. (c) Stage 
2: Partial thickness skin loss involving epidermis, dermis, or both. 

The ulcer is superficial and presents clinically as an abrasion, blister, or 
shallow crater. (d) Stage III: Full thickness skin loss involving damage 
to, or necrosis of, subcutaneous tissue that may extent down to, but not 
through, underlying fascia. The ulcer presents clinically as a deep crater 
with or without undermining of adjacent tissue. (e) Stage IV: Full thick-
ness skin loss with extensive destruction, tissue necrosis, or damage to 
muscle, bone, or supporting structures (e.g., tendon, joint capsule). 
Undermining and sinus tracts may also be associated with Stage IV pres-
sure ulcer. (f) Unstageable: Eschar: Thick dry black necrotic tissue.

Figure 8.5  Pressure points.

(Becaplermin), Systagenix Wound Management, Gargrove 
England, which is platelet derived growth factor in a gel for 
topical application. Most clinicians have found it to be only 
minimally effective, but it may have a place restoring heal-
ing, particularly of a diabetic foot ulcer where healing has 
stalled, and all efforts necessary to off-load weight-bearing 
and restore blood flow have been exhausted. There are a 
number of promising agents including VEGF, KGF, and 
hypoxia inducible factor 1 alpha that are in preclinical and 

clinical trials. The delivery of these agents as well as PDGF, 
using DNA plasmids, or even viral vectors, has the potential 
to keep therapeutic levels elevated over relevant time peri-
ods without requiring frequent applications. In addition 
these types of delivery systems can place the agent deep in 
the wound tissue, obviating the need for transfer across a 
wound eschar. In the coming years as more studies are per-
formed, some of these promising agents will be available in 
clinics.



122 G.P. Marti et al.

Case Study: Geriatric Wound Healing

Background

Medical History

This 67-year old gentlemen was referred to our service 
with a complex wound. Two years prior to admission he 
had a sigmoid colectomy for removal of a polyp at an 
outside hospital. He developed MRSA wound infection 
requiring extensive debridement and reoperation. He was 
left with the bowel covered with skin graft with a 20 cm 
diameter ventral hernia (Fig. 8.6). His abdominal wound 
was complicated by the fact that he has alcoholic cirrho-
sis with ascites. His co-morbidities include coronary 
artery disease with a myocardial infarction managed with 
four coronary artery stents. He has COPD with periodic 
bronchitis requiring hospitalization. He does not use 
home oxygen, but he is severely short of breath after 
climbing one flight of stairs.

He has insulin dependent Type 2 diabetes.
Considering his life threatening co-morbidities, and 

the benign status of his hernia, our initial approach was 
to simply monitor his situation and treat his hernia with 
a binder. But when he developed an ascites leak we pro-
ceeded to urgent repair of the hernia. The repair was 
carried out excising the skin graft from the bowel 

(Fig.  8.7). This meticulous dissection was carried out 
without creating an enterotomy. A  subcutaneous flap 
was raised to the mid axillary line bilaterally to perform 
component separation and myofascial transfer of the 
internal oblique to be able to close the defect primarily. 
With the prior MRSA we elected not to implant a mesh 
of any type.

The Wound

The wound with which this patient presented is ischemic 
necrosis at the midline of his abdominal flaps. This 
necrosis was evident 5 days after the repair of the hernia. 
This wound was 4 cm wide and extended for a distance 
of 20 cm along the midline incision.

The management of this wound is a classic problem in 
geriatric surgery.

Management Strategies

Surgical Debridement

When it became clear that the wound was necrosing, sur-
gical debridement was carried out. Full thickness skin 
and subcutaneous tissue were excised. The necrotic tis-
sue was excised back to bleeding tissue and a VAC drain 
was placed (Fig. 8.8).

Figure 8.6  Case report: The ventral hernia with skin graft. There 
was an ascites leak through a punctuate ulceration in the skin 
graft.

Figure 8.7  Case report: “Pinch Test” showing that the skin graft 
was not densely adherent to the underlying bowel.
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Diabetes

This patient has insulin dependent diabetes. Blood sug-
ars was greater than 200 mg% in the face of the sepsis 
from the wound. Tight glucose control was instituted 
with continuous IV glucose drip to bring the blood sugar 
under 150 mg%.

Infectious Disease

The necrosis of the wound appeared to be ischemic, sec-
ondary to the raising of the lateral flaps, coupled with his 
overall debilitated condition. Nonetheless infection was a 
potential problem. He was covered with intravenous clin-
damycin to which his prior MRSA had been sensitive. 
This coverage was maintained for his initial hernia repair 
for 24 h and likewise at the time of his debridement.

Nutritional Support

During the post operative period after his hernia repair his 
nutrition was maintained with a Dobhoff feeding tube. The 
tube was carefully placed in the duodenum using fluoro-
scopic guidance. Initially a nasogastric tube was placed in 
the stomach to check gastric residuals. When residuals were 

greater than 200 cc with feeding at the rate of 60 cc per hour 
the feedings were discontinued. After 24 h they were rein-
stituted at 30 cc per hour. They were gradually returned to 
60 cc per hour over 4 days.

Ascites

His ascites from alcoholic cirrhosis was managed initially 
with an intra-peritoneal JP drain following the primary 
hernia repair. This was to protect the closure from the 
pressure of intra-abdominal ascitic fluid. The ascities was 
also controlled medically with Lasix and Aldactone. 
When drainage from the JP drain was less than 100 cc per 
day, 72  h after surgery the JP drains were removed. 
Fortunately the re-accumulation of ascites was less of a 
problem than expected for this patient.

COPD

This patient developed ARDS with typical patchy infil-
trate on chest X-ray and desaturation of O

2
 accompanied 

by CO
2
 retention. He required intubation and mechanical 

ventilation. After 10 days he was converted to a tracheo-
stomy tube. He had gradual remission of his ARDS with 
this approach.

Coronary Artery Disease

After both surgeries the patient was ruled out for myo-
cardial infarction. Serial troponins and EKG’s confirmed 
that he did not sustain a myocardial infarction

Delirium

The patient developed florid delirium with agitation 
within 24 h of the initial surgery. The family asserts that 
he had discontinued alcohol intake; however, he appeared 
to be suffering from Delirium tremens. He was treated 
with Atavan and Haldol, and he also required four point 
restraints briefly. This delirium gradually cleared over 
3 weeks of hospitalization.

Figure 8.8  Case report: The wound after debridement of the necrotic 
skin flaps. Skin and full thickness subcutaneous tissue were debrided 
to the fascial level to remove the tissue that had suffered ischemic 
necrosis.
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Introduction

Conventional surgical wisdom has long held that the elderly 
do not tolerate surgery as well as their younger counterparts. 
Numerous case series comparing outcomes such as morbidity 
and length of stay often corroborate that viewpoint. However, 
the older surgical population displays great heterogeneity, 
and that heterogeneity is not always obvious from preoperative 
morbidities and preoperative testing criteria. In fact, we have 
on numerous occasions been surprised by the elderly patient 
who beats the odds following surgery, and the patient who, 
ostensibly, should recover well, but does not.

Among older surgical patients, it can be quite challenging 
to predict who will thrive and who will develop a complica-
tion that can trigger a cascade of events that may lead to 
unexpected demise or permanent disability. In this chapter, 
we explore the emerging concept that frailty adds significant 
information to outcome prediction in elderly surgical candi-
dates, beyond that of conventional preoperative criteria.

Limitations of Age as a Predictor

The effect of advanced age on surgical outcomes, indepen-
dent of other patient-specific factors, is not well understood. 
The geriatric literature is replete with large series document-
ing comparable excellent surgical outcomes in the elderly 
[1–3]. Indeed, the risk factors for poor outcomes in the elderly 
are the same as for younger patients, namely comorbid illness 
and poor baseline functional status [4]. These factors have an 
increased prevalence in the elderly, though not uniformly 
across the entire elderly population. This varied distribution 
gives rise to the concept of the heterogeneity of aging.

Selection bias and the failure to account for a heteroge-
neous elderly population may explain why many other studies 
have shown that such good surgical outcomes are possible in 

older patients. This is particularly important because for many 
diseases, especially malignancies, age is often a major, if not 
the most important, risk factor for the development of the dis-
ease. With many groups publishing papers on their successful 
experience operating on octogenarians and nonagenarians, the 
indications for surgery in the elderly are expanding. For exam-
ple, after adjusting for preoperative comorbidities, we found 
that age was not an independent risk factor for perioperative 
mortality and morbidity following pancreaticoduodenectomy 
[1]. Filsoufi and colleagues reached the same conclusion for 
patients over 80 years of age following aortic valve replace-
ment [2]. Another group found that in elderly patients with 
minimal comorbid illness undergoing colon resection, there 
was no mortality difference in those over 70 years of age com-
pared with younger patients [3]. In general, age is no longer 
an absolute contraindication to surgery.

Clinical Decision Making

A major challenge for surgeons in caring for the elderly is to 
determine which patients are good operative candidates. This 
estimation requires assessing potential operative candidates 
for a number of patient-specific factors, particularly comor-
bidities, disability, and frailty. These three factors, which are 
frequently used interchangeably in the common vernacular 
and might demonstrate overlap, are distinct clinical phenom-
ena. In fact, there is near unanimous agreement in the geron-
tology community that disability and frailty are distinct 
clinical entities [5]. The conceptual model for frailty main-
tains that although disability and comorbidity may some-
times coexist with frailty, there is a significant group of frail 
individuals who present with neither disability nor comor-
bidity (Fig. 9.1). Disability is defined as difficulty in carrying 
out those activities that are essential for independent living, 
such as bathing, dressing, eating, shopping, and preparing 
meals. Comorbidity is the clinical manifestation of illness in 
an individual, such as congestive heart failure, osteoarthritis, 
or chronic obstructive pulmonary disease. The last factor, 
frailty, is a newer concept in the geriatrics literature.
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Frailty

Frailty in the elderly generally refers to patients with 
poor physiologic reserve who are at an increased risk of 
adverse events following exposure to stressors such as 
anesthesia and surgery. These clinically important adverse 
events include institutionalization in a long-term care 
facility, falls, and mortality. In 2001, Fried et  al. pub-
lished a standardized definition of frailty using five crite-
ria (Table 9.1) [6]:

	1.	 Slow gait speed
	2.	 Low physical activity
	3.	 Unintentional weight loss
	4.	 Self-reported exhaustion
	5.	 Muscle weakness

Frailty is defined as the presence of at least three of these five 
criteria. Gait speed is measured over a distance of 15 ft, with 
the criteria based on gender and height. The level of physical 
activity is based on the patient’s kilocalorie expenditure over 
the prior 2 weeks using the Minnesota Leisure Time Activities 
Questionnaire [7]. Unintentional weight loss is present when 
the patient affirms that he or she has unintentionally lost more 
than 10 pounds over the preceding year. Self-reported exhaus-
tion is based on the Center for Epidemiologic Studies 
Depression Scale (CES-D), and asks the patient to agree or 
disagree with these two statements: in the past week, “I felt 
that everything I did was an effort,” and “I could not get going” 
[8]. Finally, muscle weakness is based on grip strength as mea-
sured by a hand-held dynamometer. This criterion varies by 
gender and body mass index. Of note, all of these criteria are 
quickly and inexpensively assessed in the clinic setting, lend-
ing them to easy adoption, even in a busy clinical practice.

Within the gerontology community, there remains consid-
erable debate as to the appropriate definition of frailty. Some 

Figure 9.1  A conceptual framework for frailty, in the context of comor-
bidity and disability.

Table 9.1  Frailty criteria

Criteria Notes

Slow gait speed Timed 15 foot walk Height (cm) Time (s)

Men
£173 ³7
£173 ³6

Women
£159 ³7
£159 ³6

Low physical activity Based on Minnesota Leisure Time Activity  
Questionnaire

Weekly kcal expenditure

Men <343
Women <270

Unintentional weight loss >10 lb weight loss in past year

Self-reported exhaustion Based on CES-D Depression Scale; quantifies  
the amount of time  in the past week the patient  
felt the following

I felt that everything I did was an effort
I could not get going

Muscle weakness Based on grip strength BMI Force (kg)

Men
£24 £29
24.1–26 £30
26.1–28 £30
>28 £32

Women
£23 £17
23.1–26 £17.3
26.1–29 £18
>29 £21



1319  Frailty and Surgery in the Elderly

of the Fried criteria have been validated, while certain new 
ones have been proposed. Generally speaking, there is strong 
agreement amongst experts that the clinical syndrome 
represents a constellation of diseases, impairments, and/or 
symptoms, rather than simply the presence of one disease or 
condition [5]. Rothman and colleagues provided good pre-
liminary evidence to support the use of slow gait speed, low 
physical activity, weight loss, and cognitive impairment as 
important indicators of frailty, but not self-reported exhaus-
tion and muscle weakness [9]. In addition, they and others 
advocate including a number of different domains in the defi-
nition of frailty aside from just physical function, such as psy-
chological characteristics and psychosocial factors. Rothman 
recommends integrating cognitive function into the frailty 
assessment as it is a strong predictor of adverse outcomes. 
While the exact definition of frailty may be in flux, there is no 
doubt that the presence of frailty portends a number of adverse 
clinical outcomes. We have found the above definition of 
frailty by Fried to be standardized and easy to implement.

Clinical Outcomes of Frailty

In the longitudinal Cardiovascular Health Study, which 
included over 5,000 community-dwelling Medicare-eligible 
people, subjects who met frailty criteria at baseline were more 
likely to be older, female, and African-American [6]. They also 
tended to have lower levels of education and income. Frail 
patients had a significantly higher mortality rate than their non-
frail counterparts at 3 and 7 years (18 vs. 3% and 43 vs. 12%, 
respectively). Frailty was also predictive of a number of other 
clinically relevant geriatric outcomes, including injurious falls, 
hospitalizations, and worsening disability, both in terms of 
performance of activities of daily living and in mobility.

In a separate longitudinal study of community-dwelling 
people over the age of 70 who were initially disability-free, 
frail individuals were also noted to experience increased 
mortality and incidence of chronic disability [9]. The study 
also found that 22% of frail patients had a long-term nursing 
home stay (>90 days) over 7.5 years of follow-up. Clearly, 
the presence of frailty has a number of ramifications in terms 
of clinical, economic, and quality-of-life outcomes.

Biologic Basis of Frailty

While the biologic basis of frailty remains uncertain, it likely 
results from multiple etiologies, rather than from one under-
lying cause, and affects multiple physiologic systems 
(Fig. 9.2) [10]. A multifactorial basis for frailty is more prob-
able given the broad spectrum of clinical manifestations of 
the frailty syndrome.

While a detailed review of the current understanding of 
the biological underpinnings of frailty is beyond the scope of 
this chapter, it appears that inflammation is central to its 
pathogenesis. C-reactive protein (CRP), a nonspecific serum 
marker of inflammation, has been shown to be elevated in 
frail elderly patients compared to their nonfrail counterparts 
[11]. This finding holds true across gender and racial lines, as 
well as across the age spectrum over 65, and is independent 
of  diabetes mellitus and cardiovascular disease status, two 
disease states associated with chronic inflammation. That 
same report, part of the Cardiovascular Health Study, found 
that frail patients were significantly more likely to have con-
genital heart disease, congestive heart failure, diabetes, and 
hypertension (Table 9.2). There was no statistically signifi-
cant increase in cancer rates amongst frail patients, though 
that likely has more to do with study exclusion criteria, as 
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patients actively being treated for a malignancy were not 
included in the study.

In addition to CRP, the major proinflammatory cytokine 
Interleukin-6 (IL-6) been shown to be predictive of mortality 
in the elderly [12]. IL-6 has also been extensively linked to, 
amongst other adverse clinical entities, osteopenia, sarcopenia 
(muscle loss), anemia, and insulin resistance, all of which con-
tribute to the frailty syndrome [13] Leng et al. [29] demonstrated 
that elderly frail patients have significantly higher IL-6 levels 
than nonfrail elderly subjects, suggesting that IL-6 may also 
play a direct role in the pathogenesis of frailty.

Like serum IL-6 and CRP levels, plasma hypertonicity 
has been linked to adverse outcomes in the frail. Several the-
ories have been proposed to explain this observation. Stookey 
et al. suggest that abnormalities in any of the myriad organs 
involved in regulating plasma homeostasis and thirst, from 
the pituitary to the kidneys, or states of glucose intolerance, 
as seen in such conditions as cancer, cachexia, diabetes, and 
chronic renal insufficiency, can lead to plasma hypertonicity 
[14]. These same underlying conditions may also play a 
simultaneous role in the development of frailty. As the under-
standing of frailty’s pathogenesis improves, it is likely that 
biomarkers will become useful tools in screening patients 
and in predicting medical and surgical outcomes in the frail, 
similar to the MELD score for predicting 3-month mortality 
in surgical patients with end-stage liver disease [15].

Clinical Utility

A frailty index has many applications, including epidemiol-
ogy, policy, and research. However, the most useful applica-
tion may be at the bedside. In a prospective study of elderly 
surgical patients, we found that frail patients had a 2.5-fold 
increased odds of developing complications after surgery 
compared with their nonfrail counterparts [16]. Their hospi-
tal length of stay was twice as long as nonfrail patients for 
minor surgical procedures and over 80% longer for major 
operations. The odds of discharge to a skilled or assisted care 
facility were over 20 times higher in frail patients. Frailty 
also significantly augmented the predictive ability of other 
preoperative risk assessment systems, specifically the 
American Society of Anesthesiologists (ASA) score, and the 
Lee and Eagle [17–19] preoperative cardiac risk-stratification 

tools, in terms of postoperative complications, length of 
hospital stay, and discharge disposition.

Frailty may be helpful in selecting appropriate patients for 
surgery, particularly in settings where selection tools are vague 
and not validated. Clinicians have traditionally used age as a 
rough surrogate for triaging patients. For instance, the elderly 
are less likely to receive organ-directed surgery for malignan-
cies of the breast, esophagus, stomach, pancreas, and rectum, 
as well as for sarcoma and non-small-cell lung cancer [20]. 
Moreover, a referral bias from nonsurgeons to surgeons has 
been observed for elective surgical procedures [21]. In a sur-
vey of Dutch cardiologists, age was the most important deter-
minant of whether or not referrers would recommend surgery 
to patients with aortic stenosis 40% of the time [22]. Frailty 
status, rather than age, would be more helpful in the determi-
nation of overall fitness. Nonfrail individuals with resilient 
physiologic reserve could be selected for surgery, while frail 
ones could be identified to prevent operations in those patients 
at highest risk of a catastrophic clinical outcome.

In addition to aiding the selection of appropriate surgical 
candidates, a frailty index may identify patients who could, 
with additional interventions, become candidates for elec-
tive operations. One’s frailty status is not a fixed, permanent 
entity; rather, frailty can have a waxing and waning course. 
Studenski and colleagues have developed a measure of 
change in frailty that quantifies patient mobility, balance, 
strength, endurance, nutrition, and neuromotor performance 
over time [23]. While its application for optimizing the tim-
ing of an operation has yet to be validated, the concept that 
frailty is a dynamic condition is an important one. One can 
imagine a related application as a measuring stick after 
completing a preoperative intervention aimed at medical 
optimization.

Indeed, there are a number of possible targets for preop-
erative intervention that may particularly benefit the frail 
elderly. Aggressive physical therapy may be of benefit. For 
major abdominal operations performed on the elderly, better 
preoperative physical performance status almost invariably 
predicts better recovery and a faster return to the activities of 
daily living (ADLs) and the instrumental activities of daily 
living (IADLs) [24]. While the study that demonstrated this 
finding was not exclusively focused on the frail, it seems 
logical that the frail may stand to gain the most from increased 
physical activity as the syndrome is characterized by low 
physical activity, slow gait speed, and muscle weakness.

Preoperative nutritional supplementation is another 
attractive preoperative intervention for the frail. In a Cochrane 
review of preoperative enteral supplementation in the elderly, 
there was an overall weight gain for participants in the 31 
included trials, as well as a decrease in mortality and a shorter 
length of hospital stay for those patients who received preop-
erative supplementation [25]. Just as with preoperative phys-
ical therapy, it remains to be seen in clinical trials whether 
the frail elderly will benefit from this preoperative 

Table 9.2  Baseline disease status by frailty

Frailty 
indicator

Prevalence

Frailty CHDa CHF Cancer Diabetesa Hypertensiona

Not frail  
(n = 2289)

48.3 15   1 14.8 18.8 37.9

Intermediate 
(n = 2147)

45.3 21   4 15.5 24.5 43.9

Frail (n = 299)   6.3 30.8 14 16.4 32.4 48.5
From [11] © 2002 American Medical Association. All rights reserved
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intervention, though it does seem likely given the tight asso-
ciation between weight loss and the frailty syndrome.

Congestive heart failure (CHF) has been shown to be an 
independent predictor of postoperative complications in the 
elderly [26]. This suggests that, given a sufficiently lengthy 
window of opportunity preoperatively, frail patients, and 
elderly patients in general, who suffer from symptomatic 
CHF may benefit from pharmacologic optimization of their 
heart function prior to surgery in an effort to prevent postop-
erative complications.

Given that frail patients are more likely to suffer from 
postoperative, hospital-acquired complications, a frailty 
score may help identify which patients ought to be the sub-
ject of rigorous preventive measures to avoid the develop-
ment of delirium, falls, infections, pressure sores, worsened 
malnutrition, and functional impairment. A number of strate-
gies that are beyond the scope of this chapter have been 
described to prevent these complications, and identification 
of those most vulnerable to these complications using the 
frailty index will likely benefit from these measures.

Better risk assessment through the application of a frailty 
index has implications beyond just identifying opportunities 
to intervene: it also has implications for counseling of patients 
in the informed consent process. The decision to proceed 
with surgery should balance risk with the probability of sur-
vival and a meaningful quality of life as determined by the 
patient and the patient’s family. Important to this discussion 
is the risk of discharge to a skilled nursing facility, as opposed 
to the patient’s home. While not traditionally viewed as a 
surgical complication, discharge to a skilled nursing facility 
has a tremendous impact on patients and their families.

While a number of previously mentioned studies have 
demonstrated good surgical outcomes in elderly patients, a 
major criticism of these studies is their inherent selection 
bias. Patients who receive operations have been vetted by the 
referral process to a surgeon, as well as the surgeon’s deci-
sion as to proceed with the surgery. Additionally, many of 
these results are from centers of excellence that have high 
patient volumes, as well as the resources, staff, and protocols 
necessary to care for these patients perioperatively.

It should be pointed out, however, that although frailty sta-
tus can be an important aide in making decisions about man-
agement of patients, the heterogeneity of aging, the dearth of 
data regarding surgical outcomes in the frail, and the broad 
spectrum of patients’ goals from surgery necessitate a highly 
individualized approach to care for the frail elderly.

Research Utility

Frailty may demonstrate particular utility in research, as 
its  criteria become more standardized and its prognostic 
implications better defined. It has been well documented that 

the elderly are underrepresented in oncology clinical trials. 
In a study of 15 types of malignancies, Hutchins et al. found 
that while 63% of the US population comprises individuals 
over the age of 65, only 25% of cancer clinical trial partici-
pants are elderly [27]. While the reasons for this disparity are 
many, there is no doubt that clinician bias, at least in some 
part, is to blame. One half of surveyed oncologists stated that 
they deem elderly patients inappropriate for referral to clini-
cal trials based on chronologic age alone [28]. A standard-
ized frailty scoring system with predetermined cutoff points 
could be used as exclusion criteria in place of some of the 
more subjective and sometimes arbitrary considerations that 
are widely used, and thereby boost enrollment of elderly 
patients into clinical trials. Vulnerable elderly patients would 
still be excluded, while an important subgroup of suitable 
elderly candidates could be included.

Aside from using frailty to make clinical trial enrollment 
more equitable and representative of the population, knowledge 
about the aging process and frailty itself may be the endpoint of 
many future studies. An aging population and its incumbent 
economic considerations will likely drive research aimed at 
delaying or preventing the development of frailty, as well as tri-
als to test interventions intended to minimize the effect of frailty 
on patient longevity, resource utilization, and quality of life.

Conclusion (Table 9.3)

Frailty is a multidomain syndrome that reflects poor physio-
logic and functional reserve and predicts a number of adverse 
clinical outcomes in surgery. We have found that the use of 
frailty as a clinical predictor adds significant value beyond 
other preoperative predictors, augmenting their ability to 
anticipate untoward postoperative events. Utilizing a stan-
dardized definition of frailty for future research in this highly 
vulnerable population may ultimately allow patients to be 
better risk-stratified for preoperative decision making. 
Increased awareness of the frailty syndrome and its clinical 
implications will undoubtedly improve care in older patients 
and improve their overall health outcomes.

Table 9.3  Frailty summary

Frailty is a multifactorial syndrome of poor physiologic reserve that 
puts patients at increased risk of adverse events following exposure 
to stressors

The standard definition of frailty uses the following five criteria slow 
gait speed, low physical activity, unintentional weight loss, 
self-reported exhaustion, and muscle weakness

Frailty is a better predictor of postoperative complications than a 
number of commonly used risk-stratification tools

Frailty can help with patient selection, risk stratification, and 
identification of patients who would benefit from preoperative 
risk-reduction interventions
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Introduction

In this new section of our textbook, topics which have been 
in the background of surgery in elderly patients are now 
spotlighted. In the 10  years since publication of our first 
edition, it has been very gratifying for me to watch as more 
interest in the ramifications of surgery in the older patients – 
not just technical prowess – has developed; it brings us to the 
basics of medicine – “Primum Non Nocere.”

The increased interest has two mutually-non-exclusive 
sources. First, there has been more academic attention to the 
older surgical patient. For example, in 1976, the nine surgical 
journals I typically read published a total of 358 articles in which 
patients aged greater than 65 or 85 years were operated, in 1989 
there were 368, in 1999 the number was 513, and in 2009 there 
were 893 articles. My impression is that the quality of the papers 
has drastically improved. Early articles proved – using simple 
and then more complex analyses – that we could do surgery 
safely, and discussed how to deal with the older patients, some-
times via editorial comments. The message was that chrono-
logic age was not equal to physiologic age – especially if we 
controlled comorbid illnesses and emergency surgery. In fact, 
these concepts were the main message of our first edition.

Now papers are more scientific, and highly complex 
statistical analyses of large databases have allowed researchers 
to focus on outcomes and quality measures. We are only now 
on the cusp of defining that consequence of chronologic age 
and the aging process on surgical outcomes, and there is a 
real effect. The impact of frailty and disability, two non-
reversible aging processes, on surgical outcomes is significant. 
Because of them and not comorbidity, the ultimate outcomes 
of major interventions may not be as good as we hope. While 
not reversible, these two processes are to some extent 
preventable; lifestyle changes can delay their onset.

Second, the sheer increase in number of patients in the 
older group has affected the population of patients we care 
for; the baby boomers have come of age. The predictions of 
the past – that the percentage of patients older than 65 and 85 
in our population will grow – are coming true. While some 
papers wrongly predicted that Medicare would be financially 
insolvent by now, it is getting there. The shape of the age 
distribution in the USA has changed from a classic pyramid – 
where the small number of older population rest on top with 
increasing numbers of persons at the bottom – to a more 
rectangular (or trapezoidal) shape, where similar proportions 
of younger and older persons exist at multiple age levels. As 
our population pyramid changes, the demands on health care 
are changing too.

The societal burden for the expansion of the elderly 
patient population is intuitive, impressive, and expensive. An 
Institute of Medicine report in 2008 from the National 
Academy of Sciences entitled “Retooling for an Aging 
America: Building the Health Care Workforce” showed that 
the bulk of acute and chronic disease – diabetes, cardiac, 
hypertension, and cancer – rests in patients over 75 years of 
age. The older patient population uses more services. For 
example, 12% of our population uses up to one-third of total 
hospitalizations, and a similar percentage uses emergency 
medical responses and prescriptions for medication. The 
expanding use of nursing homes, short term rehabilitation 
facilities, and home care also has a cost.

The report suggested three goals to enhance the care of 
elderly patients: use education to improve the competence 
of health care providers, increase the number of geriatric 
specialists, and establish new models of care.

Achieving these goals will not be cheap. The IOM report 
noted that not only are chronic disease management, multi-
disciplinary care, and transitional care important for the 
elderly population, but also that to date, they have been 
underfunded. Bluntly, reimbursements for geriatricians, 
home care nurses, and even surgical care in this population is 
not very high, and the combination of low funding in all three 
areas is also problematic.

While surgical training programs have been asked to focus 
on education in geriatrics, to date it is mostly theoretical, and 

M.E. Zenilman (*) 
School of Public Health, SUNY Downstate, Brooklyn, NY  
and
Department of Surgery, Johns Hopkins School of Medicine, 
Baltimore, MD 
e-mail: mzenilman@downstate.edu

Chapter 10
Invited Commentary

Michael E. Zenilman 



138 M.E. Zenilman

very few hospitals or institutions have active geriatric 
services which work closely with surgeons. The foundation 
of surgical training is to care for patients, not to just perform 
procedures. But there is very little in the surgical training for 
the topics described below.

The American Geriatrics Society has been an advocate in 
retooling the education practice of surgeons. Through their 
Jahnigan Scholars program, over 20 surgical specialists, in 
all disciplines, have been selected to do research, publish 
scholarly work, and teach geriatrics. Some basic curricula 
have been developed, and there is even one geriatric surgery 
fellowship available in the USA.

The real future of geriatric surgery is embedded in the 
chapters of this section; the foundation of education is evolving 
to a level of complexity higher than that described in the first 
edition of this textbook, and the need for multidisciplinary 

management is clear. To provide the elderly patient with 
quality care, we must be well versed in recognizing and 
addressing frailty and disability, not just controlling the estab-
lished comorbidities of cardiac, pulmonary, kidney, and 
endocrine systems. Palliative care, do-not-resuscitate orders, 
and use of rehabilitation facilities and hospice need to be 
integrated early in a patient’s care. As you will read, the 
American College of Surgeons, through the National Surgical 
Quality Improvement Project and the Task Force on Geriatric 
Surgery, is establishing quality indicators for the elderly patient, 
which will likely lead the change. In the future, these indicators 
will be just as important as the “core measures” we now follow.

Last, what about the elderly surgeon? While society has 
not yet mandated removal of driving licenses from older 
drivers, the elderly surgeon still has the same mandate as the 
younger “above all, do no harm.”
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Over the previous century, there has been an extraordinary 
demographic shift which will no doubt persist well into this 
one. The lengthening of life span by over 50% and consequent 
increase in the proportion of the population that we refer to as 
the “elderly” has created a new and different social, economic, 
and medical imperative. We are now faced with the daunting 
task of providing health and social care for a huge number of 
persons living well into old age with more chronic illnesses, 
and increased needs and expectations. Anticipating the kinds 
of health care services, this population requires coordinated 
and creative efforts by many sectors of society and consider-
able educational and research activities to determine the best 
methods to deliver services. Indeed, this textbook has been 
written to respond to some of these challenges by addressing 
the specialized needs of older persons facing surgery.

The Demography of Aging

In the USA, as in other developed countries, the absolute 
numbers and relative proportions of older populations have 
continually increased to the point where there is now a higher 
percentage of older people than at any time in history. Indeed, 
while the overall US population had almost quadrupled in 
size over the course of the twentieth century, the portion of 
the population 65  years and older had increased 11-fold. 
The older population has grown from 3.1 million (4.1% of the 
overall population) in 1900 to 35 million (12.4%) in 2000 [1]. 
Among this latter figure, 18.4 million (53%) were aged 65–74, 
12.4 million (35%) aged 75–84, and 4.2 million (12%) age 85 
and older [2]. While it is predicted that these figures will 
increase slowly over the next few years, what follows is a 
period of marked accelerated growth in the second and third 
decades of this century. This pattern of shifting demographics 

largely reflects the impact of birth rates; the slower change in 
the near future reflecting low fertility rates during World War 
II and the preceding worldwide economic depression, while 
the subsequent growth surge stems from the “baby boom” 
that characterized the postwar years (1946–1964) in many 
nations. The first members of this “baby boom generation” 
will reach age 65 in 2011. As a result, by 2030 the older popu-
lation is projected to be twice as large as in 2000, growing 
from 35 million to 72 million, which will then represent 
nearly 20% of the total US population. Predictions are that 
this trend persists at least until the mid-century. In 2050, the 
older population is projected to number 86.7 million [1].

The most rapid and profound change in numbers has been 
seen among the oldest old individuals, defined here as those 
aged 85 years and older. In 1900, there were only 122,000 of 
these individuals, but by 2000, their number had increased 
34-fold to 4.2 million. This trend is expected to continue 
with this population doubling to 9.6 million by 2030 and 
then more than doubling again to 20.9 million by 2050 [1].

The USA, despite the growth projections for its older 
population, remains a relatively young population when 
compared with other developed countries. While its propor-
tion of older adults stood at 12.4% in 2000, at least a dozen 
developed countries were reporting proportions ranging 
between 15 and 18% (Table 11.1). Part of what explains this 
difference is that the USA has experienced higher levels of 
fertility and immigration in recent decades than those of 
other developed countries [1]. In 2000, while average life 
expectancy at birth in the USA reached a high of 76.9 years, 
the highest rates were being reported for Swedish males and 
Japanese females at 77.6 and 84.1 years, respectively [1].

Causes and Consequences  
of Population Aging

The term population aging refers to the process through 
which the proportions of older individuals within an overall 
population age structure increase. Changes in the age struc-
tures of populations principally result from changes over 
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Table 11.1  Countries with significant elderly (65 years and over) populations as a percentage at 2000, 2030, and 2050

2000 2030 2050 2000 2030 2050

Africa Europe

Ghana 3.4 6.6 11.8 Albania 7.1 17.3 22.1
Mauritius 6.1 16 21.6 Austria 15.5 26 30.1
Reunion 5.6 11.4 17.1 Belgium 16.8 25 27.7
South Africa 4.7 11.6 13.6 Bosnia and Herzegovina 8.6 20.6 26
Algeria 4.3 10.3 21.3 Bulgaria 16.6 24.6 33.8
Egypt 4 8.8 14.8 Croatia 15.1 24.4 29.6
Libya 3.9 7.6 15.7 Czech Republic 13.8 24.3 33.1
Morocco 4.6 9.1 16.2 Denmark 14.8 22.7 24.6
Tunisia 6.1 12.9 23.8 Finland 14.9 26 27.3

Near East France 16 23.7 26.8

Iraq 3.1 5 10.9 Germany 16.4 27.5 30
Israel 9.9 14.9 20.1 Greece 17.4 24.9 32.1
Jordan 3.2 7.7 16.4 Hungary 14.6 21.9 29.4
Lebanon 6.7 10.2 23.2 Ireland 11.3 18.4 25.1
Qatar 2.3 16.3 19.6 Italy 18 27.2 33.5
Syria 3.2 6.1 13 Macedonia 9.8 18.2 25.1
Turkey 6 12.9 22.4 Netherlands 13.6 23.5 26
United Arab Emirates 2.2 16.8 16.2 Norway 15.2 22.4 25

Asia Poland 12.3 22.2 29.6

Bangladesh 3.3 6 11 Portugal 16 23.2 30.6
Burma 4.7 9.8 18.3 Romania 13.3 19.6 30
China 6.9 16.4 24.5 Slovakia 11.4 21.3 30
East Timor 2.6 6.9 10.7 Slovenia 14 26.3 34
Hong Kong SAR 11.5 29.3 39.3 Spain 17 25.3 34.5
India 4.6 9 14.6 Sweden 17.2 24.4 25.7
Indonesia 4.5 10.9 18 Switzerland 15.1 24.7 29
Iran 4.6 9.3 21.3 UK 15.6 22.5 25.7
Japan 17.1 28.8 34.3 Yugoslavia 14.1 20.8 27.2

Korea, North 6.3 14.6 21.4 Latin America and the Caribbean

Korea, South 7 20.6 29.2 Argentina 10.2 14.8 21.2
Malaysia 4.1 9.4 13.4 Bolivia 4.5 8 13.8
Mongolia 3.7 8.1 16.2 Brazil 5.3 13.1 21.9
Pakistan 4 6 10.8 Chile 7.2 16.4 22.1
Phillipines 3.7 7.7 12.9 Colombia 4.7 11.5 16.6
Singapore 7 24.4 37.1 Costa Rica 5.2 12.8 19.7
Sri Lanka 6.5 15.2 23.1 Cuba 9.5 20.3 28.1
Thailand 6.4 16.2 23.7 Dominican Republic 4.8 10.2 14
Taiwan 8.7 21 29.3 Ecuador 4.6 9.7 16.3
Vietnam 5.5 11 19.2 El Salvador 5 7.7 12.7

Central Asia Honduras 3.5 6.2 10.3

Estonia 15 24.5 32.2 Jamaica 6.8 12.5 22.3
Latvia 14.7 23.1 31.2 Mexico 5 11.5 19
Lithuania 13.7 23.7 32 Nicaragua 2.8 6.6 13.8
Armenia 8.9 16.1 25.2 Panama 5.8 12.1 18.5
Azerbaijan 6.9 11.4 16.2 Paraguay 4.7 7.9 10.8
Belarus 13.7 19.5 26.6 Peru 4.7 10.4 17.2
Georgia 13.5 23.4 28.8 Puerto Rico 11.2 22.8 30.3
Kazakhstan 6.5 14 20.4 Trinidad and Tobago 7.3 24.2 33.9
Kyrgyzstan 5.8 8.5 12.4 Uruguay 12.9 17 23.2
Moldova 9.8 14.9 20 Venezuela 4.6 11.6 18.5

Russia 12.5 21.5 28.3 Oceania

Turkmenistan 4 6.6 10.4 Australia 12.4 21.1 24.6
Ukraine 13.9 19.7 26 Fiji 3.4 9.5 14.1
Uzbekistan 4.6 7.5 12.1 New Zealand 11.5 17.8 24.1

North America Papua New Guinea 3.6 6.1 10.8

Canada 12.7 22.9 24.9 Solomon Islands 3 5.4 11.4
USA 12.4 19.6 20.6
Source: Data from [1], Current Population Reports, P23–209 (Table A–1)
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time in fertility, mortality, and migration patterns [3]. 
Measures of population aging that can also be used to com-
pare populations and assess changes over time include the 
median age, aged-dependency ratios or, most commonly, the 
proportion of a given population that is aged 65 and older. It 
has been the combined effects of declines in both mortality 
and fertility rates during more recent times that have largely 
been responsible for the demographic transition that led to 
the aging of human populations.

The earliest and most important causes of the decline of 
human mortality during the past few centuries were the 
general improvements in living conditions resulting from 
social and economic developments. Innovations in industrial 
and agricultural production and distribution methods led to 
significant improvements in nutrition [4]. Industrialization 
also brought about enhanced standards of living by improving 
the quality and quantity of available housing, running water, 
and electricity, which enabled individuals to be protected 
from the hazards of nature. Thereafter, a complex interplay 
of advancements in public health efforts, particularly sanita-
tion, and later in medical and preventative health care, 
coupled with new modes of familial, social, economic, and 
political organization helped to promote and sustain further 
gains in human longevity [5].

The decline in human mortality has been the main driver 
of increased life expectancy throughout the world. The rapid 
mortality decline particularly among infants, children, and 
women of childbearing age increased average life expec-
tancy from 47.3 years in 1900 to 68.2 years in 1950 [6]. The 
need to replace children lost to early mortality waned as the 
risk of death at younger ages declined rapidly [7]; this even-
tually led to declines in total fertility rates. Death rates from 
chronic diseases were stable in the USA from 1954 to 1968; 
thereafter, research programs around chronic diseases inten-
sified and reductions in mortality from chronic diseases fol-
lowed. In recent years, continued advances in the management 
and treatment of chronic diseases are now largely driving 
reductions in mortality at older ages.

Sex and Racial Differences

Interestingly, reduced mortality rates have not benefited men 
and women equally, with women having gained several more 
years of life expectancy than men (Table 11.2). For example, 
in the USA over the past century, life expectancy had 
increased by 31.2 years for women (from 48.3 to 79.5 years) 

Table 11.2  Life expectancy at birth, at age 65, 75, and 85 by race and sex: selected years, 1900–2000

Age and year

All races White Black a

Both sexes Male Female Male Female Male Female

At Age 0

1900b,c 47.3 46.3 48.3 46.6 48.7 32.5 33.5
1950c 68.2 65.6 71.1 66.5 72.2 59.1 62.9
1960c 69.7 66.6 73.1 67.4 74.1 61.1 66.3
1970 70.8 67.1 74.7 68.0 75.6 60.0 68.3
1980 73.7 70.0 77.4 70.7 78.1 63.8 72.5
1990 75.4 71.8 78.8 72.7 79.4 64.5 73.6
2000 76.9 74.1 79.5 74.8 80.0 68.2 74.9

At Age 65

1900–1902b,c 11.9 11.5 12.2 11.5 12.2 10.4 11.4
1950c 13.9 12.8 15.0 12.8 15.1 12.9 14.9
1960c 14.3 12.8 15.8 12.9 15.9 12.7 15.1
1970 15.2 13.1 17.0 13.1 17.1 12.5 15.7
1980 16.4 14.1 18.3 14.2 18.4 13.0 16.8
1990 17.2 15.1 18.9 15.2 19.1 13.2 17.2
2000 17.9 16.3 19.2 16.3 19.2 14.5 17.4

At Age 75

1980 10.4 8.8 11.5 8.8 11.5 8.3 10.7
1990 10.9 9.4 12.0 9.4 12.0 8.6 11.2
2000 11.3 10.1 12.1 10.1 12.1 9.4 11.2

At Age 85

2000 6.3 5.6 6.7 5.5 6.6 5.7 6.5
a Data shown for 1900–1960 are for the non-White population
b Death registration area only. The death registration area increased from ten states and the District of Columbia in 1900 to the contiguous USA in 1933
c Includes deaths of nonresidents of the USA
Source: Data from [1], Current Population Reports, P23–209 (Table 3-1); National Center for Health Statistics 2003 (Tables 11 and 28). For full 
citations, see references at the end of the chapter
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but by only 27.8 years for men (from 46.3 to 74.1 years). 
It appears that women may have a natural advantage over 
men that should imply a difference of about 2 years in terms 
of life expectancy at birth. Several hypotheses have been 
proposed to explain sex differences in longevity, including 
more active female immune functioning, the protective effect 
of estrogen, compensatory effects of the second X chromo-
some, and the influence of oxidative stress on aging and 
disease. At present, none of these hypotheses are strongly 
supported, although weak support is available for the oxida-
tive stress hypothesis [8]. Nevertheless, other factors are 
thought to contribute to the much larger gap now being 
commonly observed between the sexes. Differences in life 
expectancy are attributed to differences in behaviors, social 
roles, attitudes, and biological risks between men and 
women, with the near-elimination of maternal mortality in 
developed countries explaining only a small fraction of this 
trend [9–12]. While these differential gains have been typical 
of developed countries, the gap has started to decline in 
recent years. Between 1900 and 1970, overall life expectancy 
in the USA increased by 26.4 years for women and 20.8 years 
for men, thereby increasing the gender gap in life expectancy 
from 2.0 to 7.6 years. This increase has been largely attrib-
uted to higher male mortality due to ischemic heart disease 
and lung cancer, both of which are related to the widespread 
and early practice of cigarette smoking among men [13, 14]. 
However, between 1970 and 2000, overall life expectancy 
rose by 4.8 years for women and 7.0 years for men, thereby 
narrowing the gender gap from 7.6 to 5.4 years. This subse-
quent decrease has been related to the proportionately larger 
increases in lung cancer mortality among women than men 
and a proportionately greater decline in heart disease mortality 
among men than women [13, 14].

In addition to the expected growth of the older popula-
tion, demographic studies predict that the racial and ethnic 
diversity of this population in the USA also increases over 
the coming decades. Comparisons between racial groups in 
2003 to what is predicted for 2050 suggest that while non-
Hispanic whites decrease from representing 83–61% of the 
older population, the proportion of Blacks grows from 8 to 
12%, Hispanics from 6 to 18%, and Asians from 3 to 8% 
[15]. While this growing diversity largely reflects the aging 
of a more diverse younger population, there is evidence that 
it also represents, to a small degree, the enhanced immigra-
tion of older individuals [16]. These demographic changes 
continue to have important implications, especially since 
mortality rates among the elderly have also been shown to be 
unevenly distributed across racial and ethnic groups. These 
differences appear to reflect different disease profiles for 
underlying populations, unequal access to health care, and 
likely other socio-demographic factors, such as income 
and  education that have yet to be completely understood. 

What partly explains our lack of understanding is that 
“minority” older adults have largely been excluded from 
studies or categorized together as “non-White,” ignoring the 
significant heterogeneity that also characterize these groups, 
their differences in physiological aging, access to health 
care, educational levels, health habits, disease prevalence 
and progression, response to treatments, and social contribu-
tors to health. Indeed, the increasing heterogeneity of the 
older population in the coming decades will certainly have 
important implications for the delivery of health and social 
care services and associated research studies.

Shifting Mortality Patterns

With individuals now being better able to survive acute 
illnesses, increasing longevity has contributed to the rising 
incidence of chronic illness and greater likelihood that indi-
viduals die as a result of complications associated with 
chronic conditions. While the proportion of elderly fatalities 
caused by heart disease, strokes, and cancer fell over the last 
25 years, this decrease was partially offset by a concurrent 
increase in the number of deaths attributable to other chronic 
diseases, such as diabetes, chronic lung disease, renal dis-
ease, and dementia. Today, the pattern of death at older ages 
generally reflects that of the population as a whole. However, 
while the leading causes of death are essentially the same, 
differences in the rankings become apparent when mortality 
rates across age groups are considered (Table 11.3). While 
heart disease and cancer remain the leading two causes of 
death across all older age groups, over the past 25 years the 

Table 11.3  Changes in most common causes of death in the USA at 
all ages and those 65 years and older cohorts

Causes of death

Rank in 1900 Rank in 2005

All ages All ages 65+ 65–75 75–85 85+

Heart disease 4 1 1 2 1 1
Cancer 8 2 2 1 2 2
Stroke 5 3 3 4 4 3
Chronic lung 

diseases
9 4 4 3 3 5

Alzheimer’s 
dementia

10 7 5 10 5 4

Diabetes – 6 7 5 6 7
Influenza/

pneumonia
1 8 6 8 7 6

Nephritis 6 9 8 7 8 8
Accidents 7 5 9 6 9 9
Septicemia 2 10 10 9 10 10
Diarrhea and 

enteritis
3 – – – – –

Source: Data for 2005 from National Vital Statistics Report, Vol. 56, 
No. 10, April 24, 2008
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largest decrease in heart disease mortality (−55.5%) was 
experienced by individuals between the ages of 65 and 
74  years, followed by those between the ages of 75 and 
84 years (−49.7%), and those 85 years and over (−37.0%). 
While cancer mortality has increased slightly for individuals 
75 years and over (+3.8%), it decreased somewhat for the 
65–74 age group (−7.7%). The more significant drop in heart 
disease as opposed to cancer mortality within the 65–74 age 
group has meant that cancer mortality is now the most com-
mon cause of death among individuals in this subgroup. 
Further shifts in mortality rates has meant that chronic lung 
disease and diabetes-related mortality now have their great-
est impact among the youngest older age groups, while 
stroke, dementia, influenza, and pneumonia-related mortal-
ity have their greatest impact among the oldest age groups.

Fertility

Historically, the decline in human mortality has been fol-
lowed, in most regions of the world, with a decline in fertility. 
This has caused some concern as extremely low levels of fer-
tility, sustained over a period of time, are causing some popu-
lations to decline. The implications of population decline in 
conjunction with population aging can be significant. 
Governments, for example, may encounter the challenge of 
financing social security programs and health care costs 
while facing possible labor shortages. Further, these labor 

shortages may disproportionately impact low-wage work, 
such as those providing personal care to the elderly. These 
concerns have led some countries to develop progressive 
immigration policies in recent decades to help counter declin-
ing fertility rates and fuel overall population growth.

Developing Countries

Fertility and mortality rates have fallen in most developing 
countries, but usually not to the same degree as with their 
developed counterparts. These falls are partly due to economic 
growth but are mostly due to the adoption of modern 
medical and public health practices. While the populations 
of virtually every nation are aging, the level and pace with 
which they are doing so varies within regions (Fig.  11.1). 
Surprisingly, the most rapid proportionate increases among 
older populations are and will continue to be in the devel-
oping world. In 2000, 249 million people 65 and older living 
in developing countries represented 59% of the world’s older 
population; their proportion of the global elderly is projected 
to rise to nearly 80% or 1.2 billion elderly people living in 
developing nations by 2050. In contrast, 171 million people 
were aged 65 and older in developed countries in 2000, and 
they are projected to grow to 327 million by 2050. Although 
developing regions had lower overall proportions of older 
people than developed regions in 2000, these proportions are 

2030

2000

20.0

 16.3

5.9

 12.0

14.0

21.6

5.6

11.9

4.4

8.4

12.4

3.7

10.1

2.9

Asia

Latin America/Caribbean

Near East/North Africa

Northern America

Sub-Saharan Africa

Europe

Oceania

Figure 11.1  Percentage of the 
population aged 65 and over for 
regions of the world: 2000 and 
2030 (from US Census Bureau 
2004, International Programs 
Center, International Data Base, 
at http://www.census.gov/ipc/
www/idbnew.html.).



144 S.K. Sinha and C. Christmas

expected to double in Asia and the Latin America/Caribbean 
regions by 2030. Sub-Saharan Africa has the youngest of the 
world’s regions, with only 2.9% of its population being older 
than 65 years in 2000. It continues to remain the youngest 
region as the proportion of its older population grows slowly 
owing to the combined effects of high fertility rates coupled 
with an overall population decline due to the impact of AIDS. 
Nevertheless, population aging in many developing countries 
means they eventually encounter the same debates around 
intergenerational equity, social security, and increasing 
health care costs that have already emerged in Europe, the 
USA, and Canada [17].

Concepts in Individual Aging

Individual aging refers to the length of life for individuals, 
measured most often in years. A summary measure of indi-
vidual aging for a population is most often represented by 
life expectancy [7]. Life expectancy is calculated from death 
probabilities observed throughout the age range over a 
selected time period, usually one calendar year, and may be 
estimated for a given birth cohort or for a population reaching 
any age or age range [7]. With individuals now living longer 
on average than ever before, there is growing interest around 
the degree to which life expectancies at birth and older ages 
can increase. While the risk of death remains relatively high 
at birth, it rapidly declines to its lowest point during sexual 
maturity, followed by an exponential rise until around 
85 years of age. Thereafter, it has been demonstrated that the 
rate at which the risk of death increases actually begins to 
decelerate [18–21].

Complicating any discussion about individual aging is the 
idea that there may be some maximal lifespan that is biologi-
cally determined for every species, including humans. This 
belief, interestingly, had its nonscientific origins in biblical 
references to a human lifespan of 120  years (Genesis 6:6). 
Indeed, if there is some age x beyond which no one could sur-
vive, arguably there must be some eventual limit to the rise in 
life expectancy. The existence of such a maximal age is becom-
ing increasingly questioned [22]. First, if it is possible to 
survive to age x, surely it must also be possible to survive to 
age x plus 1 day. Following this logic, there may be no finite 
limit, even though survival to very old age is already, from a 
statistical standpoint, highly unlikely. The oldest individuals 
whose ages have been reliably documented are a Frenchwoman, 
Jeanne Calment, who died in 1997 at the age of 122, and an 
American, Sarah Knauss, who died in 1999 at the age of 119 
[23, 24]. Because the chance of death is high at such ages, the 
probability of observing significantly older individuals in the 
near future is exceedingly small. Nevertheless, these records 
are likely to be broken eventually.

Differential, Usual, and Successful Aging

Chronological age (age in number of years) and physiological 
age (age in terms of functional capacity) do not always coin-
cide, and often the physical appearance and health status of 
an individual belie their chronological age. Increasingly, it is 
being observed that disparities in the timetable of aging may 
occur among individuals or among selected populations, or 
in other words, that some individuals “age” at much slower 
or faster rates than others. Furthermore, changes with aging 
are heterogeneous not only among individuals within a select 
group, but also among various organs within each individual 
person. The onset, rate, and magnitude of the changes vary 
depending on the cell, tissue, organ, system, or laboratory 
evaluation of several parameters [25–27] and the manifesta-
tions of aging are a complex interplay between genetic 
variables, disease states, and environmental exposures.

Attempts to define in humans a physiological “norm” 
inevitably disclose a range of functional decrements with 
advancing age. In earlier studies, the comparison of several 
functions from younger to older age focused on a gradation 
of decrements with increasing age [25]. However, as the 
prevalence of chronic diseases increase with age, the func-
tional loss that was noted with age in these early studies, may 
have been due to the effects of disease rather than the natural 
concomitants of aging itself. More recent research has further 
continued to challenge the inevitability of functional impair-
ment with chronological aging. While significant changes in 
laboratory evaluation of some physiological functions may 
be erroneously attributed to aging, normal aging changes 
may also be misinterpreted as evidence of disease. Laboratory 
values are generally interpreted with reference to a normal 
range. Many of the age-related levels do not change on 
average, but the variance (i.e., the deviation from average) 
tends to increase [26], making deviation from the norm 
increasingly common with aging.

Regulation of certain functions may remain efficient until 
advanced age, whereas in others it declines at an early age. 
Examples of such differential aging may be inferred from 
fasting blood glucose levels and acid–base balance, which 
remain stable as late as 70–90 years of age in a nonstressed 
state. In contrast, the basal metabolic rate declines continu-
ously throughout the life-span, while certain sensory modali-
ties, such as vision and hearing, show functional decrements 
beginning during early adulthood. Although fasting blood 
glucose values are minimally affected by aging, when these 
levels are determined after increased physiological demand, 
the ability of the organism to maintain normal levels and the 
rate at which the levels return to normal are markedly different 
in mature and aged subjects. Similarly, cardiac index param-
eters, renal function, respiratory function, and conduction 
velocity in nerves have been demonstrated to tolerate less 
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stress in the elderly than in younger individuals but are seem-
ingly unimpaired in nonstressed states. Such declining ability 
of the aging organism to withstand or respond adequately to 
stress reveals an age difference not otherwise obvious.

Aging is believed to be a slow, continuous process. 
Therefore, some of its effects can be observed only when 
they have progressed sufficiently to induce identifiable 
alterations that can be validated by available testing methods. 
An illustrative example is atherosclerosis, the consequences 
of which manifest during middle and old age even though the 
atherosclerotic lesion may start early in infancy. Whatever 
organ or tissue is considered, timetables of aging represent 
an approximation, as the onset of aging cannot be pinpointed 
precisely by a specific physiological sign.

While a number of functions undoubtedly decline as we 
age, the extreme heterogeneity of overall functional status 
even in the oldest cohorts supports the view that aging must 
be evaluated on an individual basis. In addition to genetic 
makeup, the elderly individual’s health, social status, and 
economic and environmental conditions all contribute to 
how they age [28]. Aging processes have thus been catego-
rized as usual aging, referring to the average physiological 
changes associated with some decrements in function, and 
successful aging, referring to advanced chronological age 
with minimal physical decrements [29].

Accordingly, individuals who age successfully are those 
who do not exhibit pathology and have minimal functional 
decrements. The concept of successful aging was formulated 
as “a reconceptualization of the aging process, one that provides 
a significant and necessary counterbalance to previous 
research that tended to emphasize age-related declines in 
functioning and health” [30]. It distinguishes three modalities 
of aging (1) disease/disabled, characterized by the presence 
of pathology, disability, or both; (2) “usual” (normal) aging, 
characterized by the absence of overt pathology but the 
presence of functional declines; and (3) “successful” aging, 
characterized by few or none of the physiological losses seen 
in the usual aging group. The concept is based on (1) the sub-
stantial heterogeneity among aged individuals; (2) the obser-
vation that aging is not a uniform or inevitable process of 
disease or disability; (3) the persistence of plasticity well into 
advanced age, that is, a continuing capacity for adaptive and 
compensatory rehabilitation; and (4) the identification of 
predictors of various patterns of aging, especially factors that 
contribute to more successful trajectories of aging.

Current studies of successful aging provide evidence for 
continuing good functional competence and recuperative 
plasticity into old age [31, 32]. The distinction among 
successful groups supports the hypothesis that extrinsic 
factors play an important role in age-associated functional 
decline. In one study, factors promoting maintenance or 
improvement of functioning included younger age, higher 
income, being Caucasian, low body weight, good lung 

function, the absence of diabetes or hypertension, higher 
education, and high cognitive performance. Other correlates 
of high functioning were the absence of hospitalization, 
participation in moderate/strenuous exercise, and receiving 
emotional support [30]. Taking all such factors into account, 
the prospects for avoidance, or eventual reversal, of func-
tional loss with age are vastly improved, and the risks of 
adverse consequences are reduced [29].

Consequences of Successful Aging

By focusing on the various modalities of aging, the heteroge-
neity of the aging process is emphasized, and the validity of 
this concept is extended to all biomedical branches. 
Interventions may be beneficial at all ages provided they are 
customized to the individual [33, 34]. The potential for 
rehabilitation at advanced age is much greater than previ-
ously supposed [27, 35–37], and there is a significant prob-
ability of regaining function at all levels of disability. Physical 
exercise, dietary, surgical, and pharmacological interven-
tions have proved successful in enhancing health even at 
older ages. Identification of “predictors” designed to maximize 
health and physiological competence enhances the quality of 
life of the elderly, reduces their burden of disease and 
disability, and decreases the socioeconomic need for health 
care resources. This previously underestimated the ability 
to significantly recover, though sometimes incompletely, 
portends even more benefit to surgical therapies into advanced 
age for certain individuals than once anticipated.

Future Trends

Rather than converging toward some biological limit, it seems 
that mortality trends are now pointing in the direction of fur-
ther gains in human longevity. Mortality rates continue fall-
ing across the age ranges in most developed countries, where 
the pace of decline has accelerated among the elderly in par-
ticular. There is no sign in most demographic data that humans 
are approaching a mortality plateau imposed by some fixed 
biological limit [38]. The rapid increases in life expectancy 
witnessed during the first half of the twentieth century has 
slowed because the earlier increase resulted from the near-
elimination of deaths during infancy and childhood which 
ultimately yields a much larger increment in average life 
expectancy than reducing deaths in later life. As measured by 
the chance of death at any given age, however, the reduction 
in mortality has been remarkably stable over the past century 
and shows no sign of decelerating [39].
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Current projections based on trend extrapolation antici-
pate that life expectancy at birth in developed countries will 
be around 85 years in 2050 [40, 41]. Given the long-term 
stability of mortality trends and the multiplicity of factors 
that have contributed to the historical change, it seems naive 
to believe that the pace of change in the future will be 
substantially different from that in the past. Thus, it seems 
unlikely either that the increase in human longevity will end 
abruptly in the near future or that medical innovations will 
lead to a significant acceleration in the pace of change. 
Rather, we should expect continued slow improvements in 
life expectancy, which will be accompanied by the continued 
aging of the population and therefore an associated increase 
in the demand for health and social services.

Aging and Disability

The extent to which a longer life will be a healthier one, 
rather than one that contains more years of chronic illness or 
disability will have a significant impact on the future demand 
for health and long-term care services. While controversy 
exists among studies in this area, recent studies have gener-
ally concluded that most of the gains in life expectancy seem 
to be occurring without growth in disability and potentially 
less disability for a given age with time. Thus, the increase in 
total life expectancy does not specifically correspond to 
increased time living in severe disability [42–46]. This 
reflects what Fries [47] described as a progressive com-
pression of morbidity that seems to be characterizing aging 
populations. Likewise, Manton et al. [48] have characterized 
the declining rates of disability and associated health care 
expenditures among the elderly population in the USA. 
According to Manton [49], what is largely responsible for 
this continuing trend is that rate of decline in disability 
prevalence continues to be a faster one than the increase in 
total expected years of life. For instance, while disability 
prevalence among older people declined 0.26% per year 
between 1982 and 1989, the rate of decline increased to 
0.38% per year between 1989 and 1994, and further to 0.56% 
per year between 1994 and 1999 [45]. Multiple factors have 
been attributed to this progressive decline in the prevalence 
of disability, and including improvements in medical treatments, 
overall socioeconomic status, positive behavioral changes, 
and the more widespread use of assistive technologies. 
The overall result is illustrated in Fig. 11.2 which demon-
strates how the prevalence of chronic disability among older 
people fell from 26% in 1982 through 23% in 1994 to 20% 
in 1999 [45]. This, it is argued, not only lessens the upward 
pressure of demographic change on health expenditures, but 
also has the potential to lower per capita demands on health 
and social services as well [50].

Thus, if in addition to living longer, the current generation 
of older people is healthier and less disabled than their 
predecessors, the important question then becomes – what 
level of disability is present in those extra years? With 
disability representing the inability to perform a specific task 
because of health or age, resulting in impaired functional 
performance, the concept of active life expectancy has been 
developed to measure the number of years that people can 
expect to live on average without disability. Manton and 
Land [51] estimate that a woman of 65 with a life expectancy 
of 22.2 years remains fit and active for 15.7 years and a 
man of the same age, with a life expectancy of 15.7 years 
for 13.7 years.

In the classification of functional dependency, the 
Activities of Daily Living (ADLs) and Instrumental Activities 
of Daily Living (IADLs) are two classes of measures, based 
on an individual’s ability to perform specific tasks, that are 
widely utilized in home-dwelling populations to determine 
the capability for independent living or, vice versa, as indica-
tors of disability. ADL tasks refer to those that are required 
to carry out basic self-care activities, such as transferring out 
of a bed or a chair, walking, toileting, bathing, and eating 
[52–54]. IADL tasks refer to those that are required to 
maintain an independent household, such as doing light 
housework, preparing meals, using the telephone, shopping 
for personal items, managing money, and getting around the 
community [55]. Within older populations, ADL dependency 
is less common than IADL dependency, and in the commu-
nity dwelling population, 85  years of age and older, only 
16% required help with one ADL, 10% with two or three 
ADLs, and 9% with four or more ADLs [56]. More than half 
of the community dwelling population, 80 years of age and 
over can still perform IADL tasks independently [56] which 
generally demand a combination of both cognitive and 
physical abilities.

Kane et  al. [56] note that because health care profes-
sionals tend to see the sick, they may form a distorted picture 
of the health and functional status of older individuals. 
Indeed, most older people are self-sufficient and able to 
function on their own or with minimal assistance. Even 
though they carry a greater burden of chronic conditions and 
impairments, 72% of older people report being in good to 
excellent health. Among all older adults, 95% are able to 
move about within their homes independently, 80% are able 
to leave their homes without assistance and had no difficulty 
with any personal care task, 68% had no difficulty with any 
domestic task, and 69% had no difficulty with any locomotor 
task [57]. As well, of those ages 75 and over, about one-fifth 
report taking no medication on a regular basis, two-fifths 
report needing medication regularly to control medical 
problems, while the remainder report having multiple 
medical problems and using three or four medicines on a 
regular basis [58].
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Aging and Health Services Utilization

Notwithstanding the low degree of dependency among the 
majority of older people, this 12.4% of the population are the 
principal users of health care systems. In being the predomi-
nant user of more expensive institutional services, they 
account for over one-third of health expenditures in the USA 
[56]. The 1997 National Medical Expenditure Survey 
demonstrated that the annual per capita costs of health care 
for older persons in the USA was $5,947 as compared to 
$3,226 for those aged 45–64 years and $1,666 for those aged 
18–44 years. Increasingly, questions are being raised around 
whether societies with aging populations are able to cope 
with the concomitant ever-increasing costs that seem to be 

associated in providing care for them. Clearly, new cost-
conscious models of care delivery to meet the needs of the 
aging populations are needed.

While expenditure projections have traditionally exam-
ined the effect of age on health care costs, it is being increas-
ingly argued that well-founded estimates should account for 
the influence of remaining life expectancy, declining disabil-
ity rates and the concentration of costs that often occurs 
toward the end of life. Lubitz and Riley [59] demonstrated 
that just under a third of annual Medicare payments are made 
on behalf of persons in their last year of life, with over half of 
their costs being incurred in the last 60 days of life, reflecting 
the fact that over half the deaths among elderly persons occur 
in the hospital [60]. In considering remaining life expectancy 
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on future health care spending, Seshamani and Gray [61] 
demonstrated that the despite the pressure of population 
increases and aging demographic structures on overall hospi-
tal expenditures, these will be partially countered by the 
postponement of death-related hospital costs later in life. The 
heterogeneous pattern of health care expenditures was fur-
ther demonstrated when Lubitz et al. [62] determined that the 
average calculated Medicare expenditure for those who died 
at age 70 was $35,511 compared to $65,633 for those who 
survived to age 101 in the USA. Thus, the average Medicare 
expense per year from age 65 on for those who died at age 70 
was $7,100 per year compared to only $1,823 for centenari-
ans. While overall Medicare expenditures continue to 
increase, this should be properly attributed to the combined 
forces of cost inflation, therapeutic advances, and a growing 
number of beneficiaries with chronic illness requiring long-
term maintenance therapy as opposed to aging itself.

When it was implemented, Medicare was designed to deal 
primarily with the effects of acute illness, which was then 
seen as the major threat to the health and financial security of 
older individuals. Now, the implications of having increasing 
numbers of older people living increasingly longer with 
chronic illness is becoming readily apparent, when 68% of 
current Medicare spending is accounted for by the 23% of 
Medicare beneficiaries having five or more chronic condi-
tions [63]. Furthermore, federal outlays for Medicaid and 
Medicare are expected to grow substantially, from 21% of 
current government spending to an estimated 31% in 2017 
[64]. The increasing cost pressures associated with financing 
public health insurance programs likely affect public spend-
ing around other priorities, and overall economic growth, 
especially as the ratio of nonelderly taxpayers to elderly ben-
eficiaries contracts. It is likely that unless the financing 
mechanism for Medicare is changed, or its benefit structure 
altered, the Medicare Trust Fund will be depleted in 2019 
[65]. Increasing consideration is being given to determine to 
what extent the government will be willing to shift the costs 
of providing care to current recipients and to what extent it 
will look at shifting resources to support the provision of 
preventive care or health promotion services – not currently 
covered by Medicare or Medicaid – that may help to lessen 
the burdens associated with managing chronic disease. 
Finally, the significant indirect costs associated with treating 
chronic diseases in the elderly should also be noted when 
relatives may shoulder an enormous personal and economic 
burden when caring for an older spouse, parents, or other 
relations unable to live independently.

The pattern of increasing Medicare expenditures, however, 
remains in distinct contrast to the accumulated liability that 
increased life expectancies have on Social Security expendi-
tures, without any foreseeable countering mechanisms. 
While the Social Security trust fund will have resources until 

2041, the more critical dates are when Social Security and 
Medicare begin paying out more in benefits than they are 
receiving in taxes because that represents the time the govern-
ment must start redeeming the bonds in the trust funds that 
support these programs. To do that, the government will have 
to increase its borrowing on financial markets, raise taxes or 
divert money from other government programs. For Medicare, 
the threshold when benefits exceed program income already 
occurred a few years ago. For Social Security, it is estimated 
that this threshold will be crossed in 2017.

Effective Interventions in the Elderly

With the growing expectation that future older cohorts will 
live longer and be in better health at later ages, greater consid-
eration is being given to how treatment interventions can be 
extended to mitigate morbidity and mortality within older 
populations. While more comprehensive evaluations of the 
efficacy of treatment interventions at later ages will better 
inform practitioners about how and for whom these interven-
tions should be extended, overcoming agism around treating 
illness at later ages will be just as important.

Agism is a term that describes the negative stereotyping of 
older adults and discrimination because of older age. As Salzman 
[66] notes, health concerns and symptoms in the elderly are 
sometimes overlooked or dismissed as part of the normal aging 
process. Consequently, several conditions in older adults con-
tinue to go significantly underdiagnosed and undertreated which 
continues to provide further evidence of age discrimination still 
occurs in the delivery of health care [67–69].

While health care professionals do not necessarily intend 
to behave in a discriminatory fashion, it is clear that a lack of 
skills and confidence in working with older people can lead 
to behavior which may be perceived as discriminatory. 
Nevertheless, the quality of the care older individuals receive 
has also been demonstrated to be affected at times by negative 
staff attitudes in a number of settings [70, 71].

Denying access to services on the basis of age alone is not 
acceptable. Decisions about treatment and health care should 
be made on the basis of a patient’s health needs, the overall 
health status of the individual, their own wishes and aspira-
tions and, where appropriate, those of their carers, and the 
patient’s ability to benefit as even complex treatments, used 
appropriately, can benefit older people.

The extension of surgical interventions to individuals at 
increasingly later ages is an area of active research. Largely, 
this body of literature demonstrates that the benefits of surgery 
in advanced age may have been underestimated. Hosking et al. 
[72] examined how intraoperative mortality rates in patients 
over 90 years of age had significant declined from 29 to 8% 
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over a 20-year period. Furthermore, the 5-year survival rate of 
this group at 21%, which had a mean age of 93.5 years, was 
determined to better than that of the comparable general popu-
lation cohort at 16%. Elayda et al. [73] demonstrated similar 
results in demonstrating the efficacy and improved 5-year sur-
vival rates in patients 80  years of age and over undergoing 
aortic valve replacement. Ko et  al. [74] demonstrated the 
increasing efficacy of elective coronary artery bypass surgery 
versus conventional medical treatment in patients 80 years of 
age and over with coronary artery disease.

Interventions with low mortality risks that have been 
demonstrated to significantly improve function and thus 
disability burden in older patients include cataract extrac-
tions and joint replacements. In regards to cataract extrac-
tions, Lundstrom et  al. [75] demonstrated in one of few 
studies that looked specifically at individuals 85 and over 
that about 85% of patients achieved improved visual acuity 
from the surgery. Therefore, despite the higher risk of 
complications, cataract extraction remains a highly effective 
procedure for the very elderly [76]. In a recent review of 
36,711 hip and knee replacement performed among nonage-
narians and centenarians, the low in-hospital mortality data 
suggest that arthroplasties should not be denied to centenar-
ians solely because of their relatively short remaining life 
expectancy estimates, when they can significantly improve 
functional status in these individuals [77].

The ability of pacemakers to improve survival and quality 
of life outcomes in elderly patients has become well estab-
lished [78, 79]. In reviewing patients 80 years and over receiv-
ing pacemakers, Schmidt et al. [80], determined that pacemaker 
therapy is both a clinically and economically effective thera-
peutic option to control bradyarrhythmia-related symptoms, 
considering the median survival time of their patients stood at 
8  years. Interestingly, while practice guidelines recommend 
dual rather than single-chamber pacing for patients with high-
grade atrioventricular (AV) block, Toff et al. [81] noted that 
not only were elderly patients less likely than younger patients 
to receive more sophisticated dual-chamber pacemakers, but 
also 51% of elderly patients with this diagnosis were receiving 
them, despite their perceived association with improved qual-
ity of life and lower mortality risk. Nevertheless, their 
UKPACE trial, the first to evaluate and compare the long-term 
clinical impact and cost utility of dual versus single chamber 
pacing in patients aged 70 years and over with high-grade AV 
block, suggested no mortality benefit of dual over single-
chamber pacing in this population [82].

In the field of organ transplantation, common practice has 
been to exclude older recipients because of the chronically 
limited supply of organs and lower expected survival of older 
patients after transplantation. While consensus guidelines for 
the selection of transplant recipients often recommend an 
upper age limit of 65 years, the number of people 65 years 

and older in the USA who have received organ transplants 
nearly tripled between 1996 and 2005, going from 1,145 to 
3,154 [83]. Currently, elderly patients including those into 
their early 80s have come to represent 12% of the annual 
transplant recipients. Furthermore, Mahidhara et al. [84] have 
suggested that the idea that younger patients do better than 
older patients may not actually be valid after demonstrating 
that 73.6% of their elderly lung recipients were alive 3 years 
after surgery, compared with 74.2% of younger patients.

There is increasing evidence to support the greater use of 
nonsurgical interventions in the management of conditions 
common to the elderly patient as well. While the benefits of 
treating of hypertension in the very elderly were unclear as to 
whether they could be countered by an increased risk of 
death, the HYVET Trial demonstrated that treating hyper-
tension in patients 80 years and older to a target of 150/80 
was associated with a 64% reduction in the rate of heart fail-
ure, a 23% reduction in the rate of death from cardiovascular 
causes, a 30% reduction in the rate of fatal or nonfatal stroke, 
a 39% reduction in the rate of death from stroke, and a 21% 
reduction in the rate of death from any cause [85].

The increased recognition of osteoporosis as a preventable 
and treatable disease common in older individuals would aid 
in the dissemination of proven medical therapies that could 
significantly impact on the excess morbidity and mortality 
associated with this disease. Nevertheless, Kamel et al. [86] 
demonstrated that the failure of surgical and medical special-
ists to diagnose and initiate the treatment of osteoporosis in 
elderly patients hospitalized with hip fracture remains prob-
lematic when those treating the consequences of osteoporosis 
may often be ignoring the underlying condition [87].

Even though near complete vaccination coverage rates 
have been achieved in children, significantly fewer adults 
are being vaccinated against serious and even deadly dis-
eases, such as influenza, pneumonia, and shingles. The CDC 
has established a goal to vaccinate at least 90% of individu-
als 65 years of age and over against influenza and pneumo-
coccal disease, however, coverage estimates in this age 
group were just 69 and 66%, respectively in 2007. Despite 
being available for 1 year and having been integrated into 
the US Preventive Services Task Force guidelines as a 
recommendation for all elderly, only about 2% of eligible 
older adults appeared to have been vaccinated against shin-
gles by 2007. While their effectiveness with aging is debated, 
estimates are that many of the 63,000 deaths in the USA in 
2005 due to influenza and pneumonia could have been 
prevented by immunization against influenza and pneumo-
coccal infections [88].

Because the aging population carries the greatest burden 
of illness and disability, it not only poses the most complex 
diagnostic and therapeutic problems, but also reaps the most 
benefit from medical and nursing care. The health problems 
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of older people are also inseparable from their social 
relationships and circumstances. As a result, their problems 
challenge various health and social care professionals to 
understand their patients through the organic, social, and 
psychological dimensions of their lives. Furthermore, evalu-
ating the potential benefits of therapeutic interventions for 
elderly individuals with specific health profiles, and under-
standing in general what service increases are needed to meet 
the needs of the growing numbers of older patients is not 
only necessary, but as Manton et al. [48] assert, require con-
sideration of the long-term demographic and health changes 
that are constantly evolving integrated with an understanding 
of both personal and cultural values. For older patients, espe-
cially those at late ages, it is clear that the cost-benefit ratios 
of therapeutic medical and surgical interventions have been 
commonly underestimated – because life expectancies, mor-
tality benefits, the amount of functional capacity that can be 
regained is usually underestimated. In the management of 
elderly patients, understanding the heterogeneous nature of 
this population and that the use of physiological age, rather 
than chronological age is becoming increasingly more rele-
vant in the prognostication of an individual’s disability and 
mortality profile is important.
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Introduction

The demographic trends underlying the “aging population” 
have already been discussed in Chap. 12. As a result of 
increasing life expectancy and the aging of the baby boom-
ers, the United States (US) population will see a dramatic 
increase in the number of older individuals. Between 2010 
and 2030, those aged 65 years and older are projected to rise 
by 78%, an absolute increase of over 30 million individuals. 
These unprecedented changes in the demographics of the US 
population will lead to significant growth in the demand for 
surgical treatment.

This chapter comes with an acknowledgement. In the 
interest of simplicity, we examine these trends within the 
context of the US population only. Furthermore, we focus 
more on general surgery and its subspecialties than on other 
areas of surgical specialization. This is in the interest of 
developing a succinct, circumscribed report. The analyses 
described here are easily applicable within other fields of 
medicine, as well as to other countries.

Another acknowledgement is also important. This chapter 
could easily be its own textbook. In selecting which points 
should be made, we focus on a survey of existing opinions 
and concepts that are driving policy. We will also offer some 
original analysis regarding how the aging population will 
affect the delivery of surgical treatment. Our hope is at the 
end of this chapter, the reader will be familiar with the 
methods used to forecast the impact of the aging population 
on the healthcare delivery system, and be able to differentiate 
the relative importance of the various factors that will drive 
health care expenditure in the immediate and more distant 
future.

Older Individuals in the US Population: 
Disproportionately High Use of Resources

In general, older individuals use medical and surgical services 
at higher rates than do younger individuals. To illustrate and 
characterize this fact, we will rely on analyses of the National 
Hospital Discharge Survey (NHDS), a data source which 
deserves at least a brief explanation. Since 1965, the National 
Center for Health Statistics has conducted an annual survey 
(sampling) of domestic discharges. Each year, over 350,000 
discharges from approximately 500 hospitals within the US 
are sampled, and the sampling strategy is designed to yield a 
dataset that is representative of the universe of domestic dis-
charges [1]. The NHDS reports specific information about 
each discharge, including age, gender, race/ethnicity, diag-
noses, procedures, diagnosis-related grouping (DRG) admis-
sion source (emergency room, home, etc.), and admission 
type (emergency, elective, etc.). At several points in this 
chapter, we will rely on analyses of the NHDS to give a 
quantitative analysis of historical and projected trends in the 
patterns of hospital-based health care delivery in the US.

Hospital-Based Care

According to data from the US census, in 2006, individuals 
over the age of 65 comprised 12.5% of the US population 
[2]. However, according to data from the NHDS, individuals 
over the age of 65 were responsible for:

32% of cholecystectomies•	
38% of hospitalizations•	
43% of hospital days of care•	
54% of colon resections•	
55% of total hip replacements•	
60% of total knee replacements•	

This disproportionate use of services can be considered in 
terms of an incidence rate curve, demonstrating the likeli-
hood of an individual in the population requiring a specific 
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type of hospital-based medical or surgical service. Figure 12.1 
represents such an analysis based on data from the 2006 
NHDS. We categorized admissions as “surgical” or “medi-
cal” based on DRG, according to nomenclature used by the 
Centers for Medicare and Medicaid Services (CMS) [3]. 
Admissions for children in their first year of life or those 
related to childbirth were excluded.

These incidence rate curves clearly demonstrate the dif-
ference in the rates at which younger vs. older individuals are 
hospitalized. Compared with an individual aged 40–50, an 
individual aged 70–79 is 2.6 times more likely to be hospital-
ized for a surgical cause and 4.2 times more likely to be 
admitted for a medical reason. The duration of hospitaliza-
tion also varies widely across different age groups, with aver-
age lengths of stays (LOS) being higher in older individuals 
admitted for both surgical and medical DRGs (Fig. 12.2).

Inpatient Procedures

The demand for specific types of inpatient surgical proce-
dures can also be conceptualized as an incidence rate curve. 
Several examples are illustrated below, namely for knee 
replacement, coronary artery bypass graft (CABG), colectomy, 
cholecystectomy, carotid endarterectomy (CEA), and hyster-
ectomy (vaginal or trans-abdominal) (Fig.  12.3). These 
curves illustrate very clearly the higher rates at which older 
individuals undergo surgical treatment. In fact, for each of 
these procedures (except for hysterectomy), individuals in 
their eighth or ninth decade of life have the highest frequency 
of surgery.

Outpatient Procedures

Outpatient surgical procedures are, in general, also per-
formed much more commonly in older individuals. The fol-
lowing graph (Fig. 12.4) examines rates of seven of the most 
frequently performed outpatient procedures based on data 
from the State of Florida [4]. Two procedures – myringo-
tomy tubes and tonsillectomy/adenoidectomy – are per-
formed more commonly in younger patients and less so in 
older individuals. For the remaining five procedures, the age 
range with the highest rates of surgery is individuals aged 
60 years and older. This is particularly true for cataract oper-
ations, which could not be included in the figure below for 
reasons of scale. The rate of cataract surgery among indi-
viduals aged 70–79 is 74 per 1,000 population, greater than 
the other seven procedures combined.

Older Patients are Different

In this section, we will explore how an older domestic popu-
lation will affect not only the numbers of procedures, but 
also the types of procedures and the intensity of care pro-
vided for them.

A brief examination of the “top ten” surgical procedures 
performed on patients over vs. under the age of 65 tells some 
of this story. For this analysis, we once again turn to data from 
the NHDS and examine only the primary procedure per-
formed during each hospitalization [5]. For patients under the 
age of 65, the most commonly performed procedures were 
hysterectomy (abdominal), followed by cholecystectomy then 
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knee replacement. For older patients, the top four inpatient 
procedures were all orthopedic. Seven out of these top ten 
procedures were orthopedic or neurosurgical in nature.

In addition to generating an increased demand for surgi-
cal procedures, the aging population presents a more fragile 
population of patients (Tables 12.1–12.3). As shown below 

in Table  12.3, older patients require a greater amount of 
care. The average length of stay was higher for older 
patients (4.8 vs. 3.3), and the likelihood of an in-hospital 
myocardial infarction (MI) was approximately ten times 
greater (0.7 vs. 0.07%). The greatest difference in outcomes 
is mortality, with patients over the age of 65 having an in-
hospital mortality rate nearly 15 times higher (1.1 vs. 
0.07%). Longer lengths of stay and higher rates of myocar-
dial infarction and postoperative mortality only tell part of 
this story. In order to minimize the impact of medical 
comorbidity on peri-operative outcomes, surgeons will 
need to work closely with non-surgeon physicians to opti-
mize medical management. There is already evidence that 
medical hospitalists are increasingly involved in the care of 
surgical patients. In a recent analysis of Medicare claims 
data, Kuo et al. found a more than fivefold increase in the 
percent of surgical admissions that involved care from a 
medical hospitalist [6]. A new paradigm of inpatient care 
may be emerging, with surgeons and non-surgical physi-
cians working together to manage patients who are elderly 
and/or morbid.

As the number of elderly individuals in the US population 
continues to increase, another area that will require focused 
attention is the clinical effectiveness/appropriateness of dif-
ferent types of treatment in older patients. Many types of 
major surgery that historically were considered too risky to 
undertake in elderly patients are now widely considered safe 
[7–9]. The bias against aggressive surgical treatment for 
patients considered empirically “too old” appears to be 
diminishing, and the rates at which elderly individuals are 
undergoing several types of major surgical procedures are 
increasing [10]. There is still, however, evidence that elderly 
patients are under-treated for many types of conditions, espe-
cially oncologic diseases [11–13]. These findings are behind 
a movement advocating more focused research on clinical 
outcomes in elderly patients [14].

Table 12.1  Top ten procedures performed in individuals <65 years old

ICD code Procedure description Procedures in 2006

68.4 Total abdominal hysterectomy 418,588
51.23 Laparoscopic cholecystectomy 386,444
81.54 Total knee replacement 309,341
47.01 Laparoscopic appendectomy 288,023
47.09 Other appendectomy 212,380
79.36 Operative reduction/internal 

fixation tibia/fibula
157,726

81.51 Total hip replacement 154,469
68.59 Other vaginal hysterectomy 148,806
68.51 Laparoscopically assisted 

vaginal hysterectomy
91,169

45.76 Sigmoidectomy 65,892

Table 12.3  Top ten procedures performed in individuals of all ages

ICD code Procedure description Procedures 2006

Patients < 65 years Patients ³65 years

Mean LOS % Mortality % MI Mean LOS % Mortality % MI

81.54 Total knee replacement 195,453 3.7 0 0 3.9 0.2 0.3
51.23 Laparoscopic cholecystectomy 138,699 3.2 0.05 0.03 5.4 0.03 0.2
81.51 Total hip replacement 93,636 3.8 0 0.02 3.9 0.2 0.2
47.01 Laparoscopic appendectomy 75,546 2.3 0 0 3.5 0 0.3
79.35 Operative reduction/internal 

fixation femur
63,882 5.5 0.3 0 6.3 0.5 0.1

47.09 Other appendectomy 60,345 3.5 0.03 0.2 6.0 0.3 2.6
81.08 Lumbar/lumbosacral fusion, 

posterior technique
54,270 4.1 0 0.07 5.2 0 0.1

79.36 Operative reduction/internal 
fixation tibia/fibula

53,028 4.3 0.4 0.4 4.6 0.8 1.4

81.52 Partial hip replacement 49,842 6.1 0.2 0 6.5 0.2 2.2
68.59 Other vaginal hysterectomy 41,796 1.6 0 0 2.2 0 0
Unadjusted totals 826,947 3.3 0.07 0.07 4.8 1.1 0.7

Table 12.2  Top ten procedures performed in individuals ³65 years old

ICD code Procedure description Procedures in 2006

81.54 Total knee replacement 574,021
79.35 Open reduction internal fixation 239,019
81.52 Partial hip replacement 221,981
81.51 Total hip replacement 218,685
51.23 Laparoscopic cholecystectomy 178,053
38.12 Endarterectomy 123,047
79.15 Operative reduction/internal 

fixation femur
114,949

45.73 Right hemicolectomy 96,556
03.09 Other exploration and decom-

pression of spinal canal
76,415

81.08 Lumbar and lumbosacral fusion, 
posterior technique

60,645



15712  Providing Surgical Care to an Aging Population: Implications for the Surgical Workforce

Current Capacity

As the number of older individuals in the US rises, it should 
be intuitive that the use of medical resources will increase 
at a rate faster than population growth. Before discussing 
the impact of forthcoming demographic changes on the 
surgical workforce, we will first consider the capacity of 
the current health care delivery system to provide surgical 
care. In doing so, we examine capacity in terms of two 
complementary components – physician workforce and 
hospital infrastructure.

Physician Workforce Capacity

Two main types of research have emerged to gauge the ade-
quacy of the current physician work force relative to popula-
tion-based demand, yielding conflicting results. The first 
type is a “macro” analysis, examining regional relationships 
between physician density and quality of care. A classic 
example of this type of research was performed by Baicker 
et  al., who analyzed state-level measures of the quality of 
medical care provided to Medicare recipients and found 
poorer quality of care delivered to patients in states with 
higher per capita Medicare expenditures and physician den-
sity [15]. Furthermore, they found that quality of care was 
proportional to the density of general practitioners and 
inversely proportional to the concentration of specialist phy-
sicians. These findings were refuted by Cooper et  al. who 
examined within-state variations, and concluded that states 
with more spending and more physicians – both generalist 
and specialists – had better quality of care [16, 17].

The second type of research examines the ability of the 
health care workforce to meet the demands of the regional 
population at a “micro” level. Several studies have examined 
hospital-based care, using the ability of emergency depart-
ments (EDs) to obtain consultations from surgical specialists 
as a measure of access to care. In a study of ED directors at 
over 4,000 US hospitals, the American College of Emergency 
Physicians found that 73% of EDs had problems with inad-
equate on-call coverage by specialist physicians [18]. Also, 
this figure had increased from 67% only the previous year. 
Difficulties with obtaining specialist consultations are also 
documented as worsening, both in terms of the ability to 
access on call specialists, and in the ability of EDs to initiate 
transfers to hospitals where a higher level of care can be pro-
vided [19]. Areas with lower mean zip code income had a 
lower likelihood of timely response to a request for surgical 
consultation [20].

If the network of available surgical specialists begins to 
fray, and access to care is compromised, how will we know? 
Is a state-level analysis sufficiently sensitive to capture life-
threatening shortages in the availability of surgeons capable 

and willing to tackle acute surgical problems in the middle of 
the night? In considering these issues, it should be readily 
apparent that the areas of the country that are likely to expe-
rience the most acute shortages are rural areas of the US. 
Within the US, rural areas represent 75% of the country’s 
land mass and 17–20% of the population, but only 10% of 
the domestic workforce of general surgeons [21]. Two recent 
front-page articles, one in the Washington Post and one in the 
Wall Street Journal, have highlighted the difficulties facing 
rural general surgeons and their surrounding communities 
[22, 23]. The departure of these physicians from the work-
force – resulting either from harsh conditions/job dissatisfac-
tion or simple age-related attrition – stands to have a 
significant impact on patient access to care and the financial 
viability of community hospitals [21, 24].

Several physician leaders within the field of general sur-
gery have called attention to the growing problem of surgeon 
shortages in rural areas [24–28]. We refer the reader to this 
literature for a thorough discussion of this emerging issue, 
and plans to address it. In considering the plight of the rural 
communities, however, it is important to bear in mind that 
the rural surgical workforce does not exist separately from 
the non-rural surgical workforce, but rather in equilibrium 
with it. The acute shortage of surgeons in these areas is prob-
ably best considered as the first manifestation of a growing 
national problem.

Hospital Capacity

The ability of the existing hospital infrastructure to meet 
increased demand for inpatient care is an often-overlooked 
consideration. According to 2007 data from the American 
Hospital Association, there are currently 4,897 hospitals and 
800,892 staffed hospital beds in the US [29]. Longitudinal 
trends in the number of beds and number of beds per 1,000 
population between 1981 and 2006 are shown in Fig. 12.5.

Over the last decade, the use of hospital-based care has 
remained remarkably constant, in terms of age-specific 
rates of hospitalization (Fig. 12.6a). The annual number of 
hospitalizations and inpatient days of care used per year in 
the US between 1996 and 2006 are presented using data 
from the NHDS (Fig. 12.6b). Forecasts between 2006 and 
2030 were calculated based on 2006 patterns of hospitaliza-
tion in terms of age-specific rates of admission and lengths 
of stay.

Between 1996 and 2006, numbers of hospitalizations 
increased by 12.8% and inpatient days of care by 5.0%. The 
differential rates of growth are explained by an overall trend 
in decreased LOS. Based on the patterns of hospitalization 
from 2006, between 2006 and 2030 we forecast that the 
number of annual hospitalizations will increase by 39% and 
days of inpatient care by 43% (Fig. 12.6b).



158 D.A. Etzioni and C.Y. Ko

Given that the number of beds per population is decreas-
ing and the population-based demand is increasing, the capac-
ity of the current hospital network to cope with future growth 
in the numbers of domestic hospitalizations is worthy of 
investigation. At the time of writing this chapter, the authors 
know of no comprehensive studies of the occupancy rates 
within US hospitals. One study of New Jersey hospitals found 
occupancy rates on average well below 80%, implying ample 
capacity [30]. Are these levels of utilization representative of 
other communities in the US? The ability of hospitals to 
handle growing demand for inpatient care engendered by the 
aging population needs to be examined at every level.

Forecasting Utilization

The fact that older individuals use more health care resources 
than younger individuals is important, but other important 
forces also drive changes in utilization of medical services. 
These forces include population growth, changes in health 
care delivery, and economic expansion. In the past, several 
approaches have been applied to project the amount by which 
population-based use of medical resources will increase in 
the future. The methods behind these approaches are rooted 
in varying methodologies, and have yielded conflicting 
results over time. Broadly speaking, models used in forecast-
ing medical expenditure can be categorized as needs-based, 
demands-based, or economic in terms of the approach 
taken.

Needs-Based Models

A needs-based model is predicated on estimating the population-
based need for medical services and applying this estimate of 
need to the population as it will be in the future. For the purpose 

of this discussion, we will first define the “need” for medical 
services based on an existing definition:

That quantity of medical services which expert medical opinion 
believes ought to be consumed over a relevant time period in 
order for its members to remain or become as “healthy” as is 
permitted by existing medical knowledge [31].

Translating a needs-based model into prediction requires 
two main steps. First, an epidemiological estimate of disease 
frequency is developed. Second, the amount and type(s) of 
care necessary to adequately treat the disease is compiled. A 
needs-based model can also be “adjusted” to reflect predicted 
changes in either of the two elements of the model. The 
Graduate Medical Education National Advisory Committee 
(GMENAC) report, published in 1980, is an example of a 
needs-based approach [32]. In the GMENAC report, a panel 
of medical experts (6–10 for each specialty) estimated the 
profile of care required by the general population. The esti-
mation was targeted at predicting patterns of care as they 
“should be,” rather than as they actually were at some base-
line point in time. Based on this needs-based model, the 
GMENAC report suggested that by the year 2000, there 
would be approximately a 25% physician surplus.

Inherent in any needs-based model is a prediction regard-
ing what patterns of treatment will be in the future. This type 
of estimation can be a strength or a weakness, depending on 
its ability to move a prediction model in a way that makes it 
more or less accurate. While in retrospect it is easy to dis-
miss the GMENAC model as poorly conceived, in its time 
this effort was a significant driver of health policy.

Demands-Based Models

A demands-based model is based on interpreting the desires 
or “wants” of a population, and placing these motivations in 
the context of market forces, especially price. We defer, once 
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again, to a preexisting definition for “demand” in order to 
ground this discussion:

A multivariate functional relationship between the quanti-
ties of medical services that its members desire to consume 
over a relevant time period at given levels of prices of goods 
and services, financial resources, size and psychological 
wants of the population as reflected by consumer tastes and 
preferences for (all) goods and services [31].

Generating a demands-based model for predicting use of 
medical services is relatively straightforward, and relies on 
two core components. First, rates of surgical procedures can 
be calculated based on any one of a number of existing data 
sources. Second, these rates can then be applied to forecasted 
population changes in order to project trends in the use of 
different types of surgical procedures. A demands-based 
approach benefits from simplicity and objectivity. The major 
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shortcoming of this approach stems from the underlying 
assumption that per capita demand will remain constant over 
the time period of interest.

In 1989, a private consulting firm (ABT Associates) was 
contracted by the Bureau of Health Professions to conduct a 
follow-up to the GMENAC study. The methods used in this 
report were demands-based, and findings included a pro-
jected increase in the use of general surgical care of 32.7% 
between 1990 and 2010. We published the results of a simi-
lar type of model in 2003, and found a projected increase in 
the demand for general surgical procedures of 31% between 
2001 and 2020 [33].

Economic Models

Economic models add another important dimension to the 
science of forecasting growth in the use of medical resources. 
The arguments underlying a need to consider economic fac-
tors are elegant. In the US, the per capita use of medical 
resources has risen steadily over time, and this rate of rise is 
linear when compared with increases in gross domestic prod-
uct (GDP). Economic models attempt to account for the 

impact of economic factors, and incorporate projected growth 
in GDP into a predictive model. The use of economic models 
in physician workforce forecasts has been predominantly 
advocated by Cooper et al., and published initially in 2002 
[34]. Their approach, termed a “trend model,” incorporates 
four factors (1) economic expansion, (2) population growth, 
(3) physician work effort, and (4) services provided by non-
physician clinicians (NPCs) (Fig. 12.7).

This model is notably different from demands-based and 
needs-based models in that it (1) defines and quantifies a 
direct relationship between economic expansion [gross 
domestic product (GDP)] and physician supply, and (2) 
assumes that this relationship will remain constant into the 
future. An economic model also has special usefulness in 
characterizing the relationship between economic growth 
and specific subtypes of physician services. Based on a cross-
sectional analysis of States (in the US) in 1995, this model 
documents a relationship between regional per-capita income 
and the supply of three types of physicians: general practitio-
ners, surgical specialists, and medical specialists (Fig. 12.8). 
The implication of this finding is that continued economic 
growth will lead to a relatively greater growth in the demand 
for medical and surgical specialists than for general 
practitioners.

Active physicians per 100,000

Sources: Physician supply: R.I. Lee and L.W. Jones, The Fundamentals of Good Medical Care (Chicago: University of Chicago

Press, 1933); W.H. Stewart and M. Pennell, “Health Manpower, 1930–75,” Public Health Reports 75, no. 3 (1960): 274–280;

American Osteopathic Association; and Bureau of Health Professions. Population: Bureau of the Census. Gross domestic

product: Bureau of Economic Analysis. Supply projections based on authors’ model; see Note 4 in text.

Notes: “Physician supply 1929–2000” includes active physicians only (r2 = 0.94). “Projected supply” includes all active

physicians. “Effective supply” represents the number of active physicians reduced by the decrements in work effort associated

with increasing numbers of female and older physicians in the workforce. “Added NPCs” represents the sum of “effective

supply” plus the incremental contributions of nonphysician providers (NPCs). Per capita GDP is expressed in chained 1996

dollars. “Physician demand” is projected based on average annual GDP growth rates of 1.5 percent (dotted rule) and 2 percent

(continued solid rule).

10,000

GDP per capita (1996 dollars)

Added NPCs

400

350

300

250

200

150

100

Projected supply

Effective supply

Projected demand,
2000 –2020

Projected supply,
2000–2020:

Physician supply,
1929–2000

2000

1985

1975

1945–19601929

50,00040,00030,00020,0000

Figure 12.7  Physician supply and gross domestic product, 1929–2000 and projected to 2020 (from Cooper et al. [34]).



16112  Providing Surgical Care to an Aging Population: Implications for the Surgical Workforce

In forecasting the demand for physician services, economic 
models make an explicit assumption which might also be 
considered a weakness – that economic expansion will con-
tinue at rates that are roughly similar to those in recent his-
tory. At the time of the writing of this chapter, that assumption 
might be called into question. In a period of lesser economic 
growth or even recession, the actual demand for physicians 
(according to this type of model) would be lower than fore-
casted. It is also notable that this model explicitly fails to 
incorporate any acknowledgement of the aging of the US 
population. The extent to which the aging of the population 
is a significant driver of future expenditures is a topic of 
great debate. Several notable economists have argued 
that  population aging is not a primary driver of growth in 
expenditures [35, 36]. Their argument is based on demon-
strating that the demographic profile of the US population 
will not actually change dramatically in the coming decades 
(Fig. 12.9).

While at first glance, the demographic shift toward an 
aging population might appear minimal or modest, this type 
of display hides a subtle but important truth. Based on fig-
ures from the US census, in 2000 12.4% of the US popula-
tion were aged 65 years or older; by 2030, this figure will 
increase to 19.7%, and between 2030 and 2050 the propor-
tion of the population 65 years and older will remain stable 
at approximately 20%. Meanwhile, the overall US popula-
tion is forecasted to increase by 29% between 2000 and 
2030, and 49% by 2050. In the future, what proportion of 
growth in medical expenditures can be accounted for by pop-
ulation growth as opposed to population aging?

In Fig.  12.10a, b, we address this question looking at 
medical/surgical admissions and procedures using a fore-
casting method that is based on data from the 2006 NHDS. 
During a 25-year period that sees 22% growth in the US 
population, there will be a projected 44% increase in medical 
admissions and a 38% increase in surgical admissions for 

Active physicians per 100,000

Sources: Bureau of Economic Analysis; American Medical Association; and Bureau of the Census.
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hospital-based care. Growth in specific surgical procedures 
varies widely, from 16% (hysterectomy) to 74% (CEA). In 
general, these rates of procedure-based growth are signifi-
cantly greater than simple population growth.

So why do economists de-emphasize the aging of the US 
population in their forecasting models? The answer may lie 
in that their perspective encompasses a more global view of 
health care finance. In recent years and in the near future, 

domestic health spending has grown by an estimated 6–7% 
per year [37–39]. From the perspective of national policy 
planning, it is clear that population expansion and aging are 
not the only (and perhaps not even one of the most impor-
tant) drivers of growth in expenditures. This point of view – 
while valid – has the potential to overlook problems related 
to the adequacy of the supply of specific types of physicians 
relative to the projected demand for their care.
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The Surgical Workforce

The forecasting models described above all predict a signifi-
cant increase in the demand for health care services. These 
models tend to group all physicians together in considering 
workforce, or at best into “surgical specialists.” In this sec-
tion, we will describe the training pipeline that produces 
physicians in the US, and examine the general surgery work-
force as a case in point.

Training: Medical Schools

Medical education is the first gateway through which physi-
cians must pass en route to independent practice, and there 
are finite means through which this can occur. Between 1980 
and 2005, the number of graduates from domestic medical 
schools (allopathic plus osteopathic) has remained at approx-
imately 16,000–18,000 per year [40]. A significant number 
of physicians practicing in the US did not attend a domestic 
medical school. Physicians who graduated with a medical 
degree from a school listed in the World Health Organization 
directory of medical schools or the Foundation for the 
Advancement of International Medical Education and 
Research (FAIMER) are eligible to obtain licensure within 
the US. In 2007, 29% of entrants into graduate medical 
education (GME) training programs were international medical 
graduates (IMGs) [41]. The Association of American 
Medical Colleges recently recommended increasing the 
number of medical school positions in the US by 30% in the 
decade starting 2005 [42]. Recent projections place the esti-
mated actual growth in positions at 21% [43].

Residency Training

Graduate (residency) medical education is funded both 
directly and indirectly through a variety of sources, most 
notably Medicare. The adequacy of these training programs 
is supervised by the American Council for Graduate Medical 
Education (ACGME) through Residency Review Committees 
(RRCs). The vast majority of physicians working in the US 
are trained through an ACGME-accredited residency pro-
gram, and gauging the output of this pipeline over time is 
important to understand the current and future physician 
workforce.

Between 1980 and 1993, the number of residency training 
positions in the US increased from 61,819 to 97,370 (58%), 
a rate significantly more rapid than population growth [44]. 
By the early 1990s, however, general and academic consen-
sus was that a period of physician oversupply was imminent 

[45, 46]. The Balanced Budget Act (BBA) of 1997 placed 
limits on the number of such training positions that would be 
funded by Medicare, and this cemented a halt in the increase 
of graduate medical education. In the 10-year period after 
the passage of the BBA, there has been an 8% increase in 
training positions, primarily the result of increased trainees, 
but also due to increased sub-specialization and longer train-
ing programs [41].

The number of fully-trained physicians that can be trained 
each year in the US is a function primarily of the number 
of residency training positions. An increase in the number of 
qualified domestic medical school graduates without accom-
panying growth in residency slots will only result in a lower 
proportion of IMGs in domestic GME programs or a body of 
domestic graduates who are unable to find appropriate train-
ing positions. Despite the significant movement toward 
expanding the number of medical school slots, there has not 
yet been a co-existing mandate to increase GME expenditures 
or positions. In the context of a recessionary economy, it 
seems unlikely that Federal spending on GME will increase.

Work Effort

The work output per surgeon is another important element of 
the workforce equation. The economic model developed by 
Cooper et al. forecasts a decrease in work effort over the next 
15–20 years as a result of an aging surgical workforce and 
the rising number of female physicians [34]. They assumed a 
reduction in work effort of 10% for physicians aged 55–65, 
and 20% for those aged >65, and that female physicians 
work output is 20% lower than male physicians. Within their 
model, these assumptions resulted in a net 5% reduction in 
overall physician effort in 2010, and 10% in 2020 (relative to 
2000).

Another important factor affecting physician work effort/
efficiency is the shifting paradigm of work hours during sur-
gical training. In July 2003, the ACGME issued standards for 
all accredited residency programs, mandating an 80-h work 
week. Most recently, in December 2008, the Institute of 
Medicine (IOM) released a report entitled “Resident Duty 
Hours: Enhancing Sleep, Supervision, and Safety” [47]. 
While this report did not go beyond the ACGME standards 
in further limiting the number of hours worked by residents, 
it advocated significant changes to how those hours should 
be structured. As part of this report, the IOM commissioned 
an analysis of how many additional physicians would be 
required to meet staffing needs if its recommendations were 
implemented. This analysis found a need for an additional 
5,001 attending physicians and 8,247 resident physicians.

It may also be a matter of time before the hours worked by 
surgeons in practice are reduced. This may be a result of the 
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decreased hours in training carrying over into a desire by 
graduates to work less, or a more global shift on the part of 
medical students towards a desire for a controllable lifestyle 
[48, 49]. Another emerging trend that may affect the work 
output per surgeon in the US is the trend away from inde-
pendent physician practice. According to data from the 
Center for Studying Health System Change, in 1996–1997 
the proportion of surgical specialists who are full or partial 
owners of their practice was 75.5%, but by 2004–2005 this 
figure had decreased to 68.4% [50]. How does a shift away 
from independent practice affect overall clinical productiv-
ity? The relative productivity of surgeons in independent 
practice compared with surgeons in other types of practice 
environments is unknown. Regardless of the impact of this 
emerging trend on physician productivity, the loss of surgeon 
practice autonomy may have significant implications for the 
field which should be addressed at the highest level of 
leadership.

The aging of the surgical workforce is a significant chal-
lenge not only in terms of declining work effort, but also in 
terms of exit from the workforce. According to data from the 
American Medical Association, over 40% of active general 
surgeons, urologists, thoracic surgeons, and orthopedic sur-
geons are over the age of 55 [51]. Estimating the likelihood 
of retirement is difficult, given that physician self-report of 
retirement plans may not be entirely predictive of actual 
behavior [52]. Also, there is evidence that practice environ-
ment and work satisfaction can impact plans for retirement 
vs. continued practice [53].

General Surgery: A Case in Point

The American Board of Surgery (ABS) has certified diplo-
mates in general surgery since 1938, and over the last 
70  years, the field has changed dramatically. In the year 
1938, 102 surgeons were board-certified, and in 2005 this 
number had increased to 1,026. Over the last 25 years, how-
ever, the number of general surgeons certified per year has 
been remarkably constant. Based on data obtained through 
the ABS regarding historical rates of certification, we have 
developed a basic model to estimate the number of general 
surgeons in practice. This model is based on the following 
assumptions (1) 1,000 annual certifications after 2005, (2) 
30-year career in active clinical practice, and (3) 0.5% annual 
attrition rate. Based on this model, between 2005 and 2025 
the number of active general surgery diplomates will increase 
by 2.1% (Fig.  12.11a). The numbers of active diplomates 
relative to the US population are shown in Fig. 12.11b.

The ratio of active general surgeons to the US population 
was highest in 1988, and declined by 7–8% by 2006. Based 
on our model, in 2025 the general surgical workforce relative 
to population-based demand will have decreased by 26% 

relative to 1988. Importantly, this figure is refractory to 
immediate changes in rates of surgical training. If in 2010, 
the number of diplomates per year is increased to 1,100 per 
year, the ratio of workforce to population-based demand will 
be only 5% higher in 2025 than if the rates of graduation 
remain at 1,000 per year.

These estimates and projections are limited in that all 
board-certified general surgeons are considered “general sur-
geons,” regardless of sub-specialization in training/practice. 
A recent study based on data from the American Medical 
Association’s Physician Masterfile estimated that between 
1981 and 2005 the number of active general surgeons 
decreased precipitously from 7.68 to 5.69 per 100,000 [25]. 
This estimate only included surgeons who listed their pri-
mary area of specialty as general surgery, abdominal surgery, 
trauma surgery, or critical care. Over the last two decades, 
the proportion of graduating general surgical residents who 
pursue additional subspecialty training has grown, and is 
currently over 70% [54]. The amount of general surgery per-
formed by diplomates with subspecialty training is largely 
unknown and difficult to measure.

Health Care Reform: Will It Solve  
the Problem?

There is no argument that US residents pay a greater amount 
for health care than any other country in the world. According 
to recent statistics, the annual per capita expenditure was 
$6,401, and between 1970 and 2005 the rate of increase in 
the proportion of GDP directed toward health care spending 
was faster in the US than in any other country [55]. In return 
for its investment, it does not seem that the US population 
receives a concomitantly higher quality of care [56]. Waste is 
considered rampant:

As much as $700 billion dollars a year in health care services  
are delivered in the US that do not improve health outcomes.

Peter Orszag, Director of Congressional Budget Office [57].

The $700 billion figure listed above represents approxi-
mately 5% of the GDP. It has been further estimated that 
reducing the administrative overhead costs associated with 
healthcare expenditures would save an estimated $400 bil-
lion (2003 dollars) per year [58].

Given these dramatic figures, it seems reasonable to con-
sider ways in which the US health care system might reduce 
waste and improve the value returned on spent health care 
dollars. In this section, we will focus on three key areas 
(access to care, regional variation, and technological change) 
that are targeted by policy makers in their quest to improve 
the value and effectiveness of health care, and consider the 
impact of changes in these areas on the supply and demand 
for surgical services.
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Access to Care

Changes in the type of health insurance held by the US popu-
lation have the potential to dramatically alter the way in which 
individuals access surgeons and surgical treatment. Two main 
ways in which this might occur is (1) through increased use 
of managed care models for health care delivery or (2) through 
universal (or expanded) health coverage.

The managed care boom of the 1990s led to a growing belief 
that these new systems would regulate the inefficient and fee-
driven use of specialist care. In one controversial prognosti
cation, Weiner et al. in a 1994 JAMA article anticipated that the 
increased use of managed care (to 40–65% penetration) would 
lead to a 60% surplus of “specialists” in the year 2000 [59]. As 
with some of the prediction models discussed earlier, these 
forecasts were based on assumptions that proved erroneous.
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In a similar vein, universal health coverage (or simply 
improved access to health care) has the capacity to nearly 
instantaneously improve the ability of millions of US resi-
dents to access surgical care. What would be the effect of 
these changes on population-based demand for surgical pro-
cedures? In an AAMC report published in 2008, the impact 
of universal health coverage on the number of full-time phy-
sicians was modeled [60]. Their model found a 3.6% esti-
mated increase in the physician workforce. This relatively 
small effect stems from the fact that the uninsured popula-
tion is relatively young and healthy. It should also be noted 
that a significant amount of surgical care for nonelective con-
ditions is already provided to this population through safety-
net institutions. Expanded health care coverage may, however, 
result in increased demand for elective procedures, espe-
cially those performed in younger, healthier patients.

The impact of a burgeoning elderly population on 
Medicare – the primary payor for healthcare delivery for 
individuals over the age of 65 years in the US – also needs 
to be considered. In the 2008 annual report, the Social 
Security and Medicare Boards of Trustees painted a grim 
picture of the financial health of both of these entitlement 
programs. Beginning in 2008, the Medicare Hospital 
Insurance Trust Fund will pay out more in hospital benefits 
than it receives in taxes and revenues. As more and more 
baby boomers enter retirement age, this trend will acceler-
ate, and the Medicare reserves may be exhausted before 
2020. In 2008 there were an estimated 3.3 workers per 
retiree; by 2020 this ratio is projected to decrease to 2.1 by 
2031 [61]. Several approaches have been proposed to help 
cope with the emerging problem of funding healthcare for a 
growing population of retirees. One mechanism that gener-
ated initial enthusiasm was the Medicare advantage plans, 
whereby Medicare beneficiaries could enroll in private health 

insurance plans [62]. The privatization of portions of the 
care provided through the Medicare benefit has thus far 
failed to produce significant cost savings. Innovative prac-
tice plans and chronic disease management models have 
shown some promise, but not yet sizable enough to make an 
impact on forecasted deficits. New types of payment models, 
including the prospective payment system have some bene-
fits, but have resulted in the shifting of in-hospital care to 
pre- and post-hospital environments. Other proposals, such 
as the Breaux–Thomas proposed legislation to increase the 
eligibility of age to 67 or increase co-payments/deductibles 
have proven politically difficult [63]. It is safe to say that 
the costs associated with providing healthcare to the aging 
US population will be an issue of growing importance for 
politicians, payors, and providers.

Regional Variation in Procedure Utilization

The rate at which physicians provide services to the popula-
tion varies widely from region to region. This concept of 
regional variation was originally described by Wennberg 
and colleagues at Dartmouth, and continues to be a core 
concern of health policy makers at all levels [64, 65]. The 
annual Dartmouth Atlas of Health Care uses Medicare data 
to describe variation in care, and spur health care reform 
efforts.

Figure 12.12 shows an analysis of publicly available data 
from the 2005 Dartmouth Atlas, which reports regional utili-
zation using hospital referral regions (HRR) as the geographic 
unit of interest. Within the Atlas, each patient is assigned to 
one of 306 HRRs. The boundaries that encompass each HRR 
are derived based on documenting the referral patterns of 
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patients who are referred for major cardiovascular procedures 
and for neurosurgery. In order to provide some data for a dis-
cussion regarding regional variation in procedure use, we will 
provide some preliminary data analysis.

Broadly speaking, these variations can only be the result 
of regional differences in either (1) the rates of disease or 
(2) the patterns of care received, and the extent to which each 
of these two explanations is responsible for the observed varia-
tions is difficult to assess. Why are there differences in the 
amount of variation between procedures? An elegant answer 
has been proffered by Birkmeyer et al., who note that pro-
cedures where the diagnosis does not linearly lead to a 
procedure (e.g., peripheral arterial disease ⇒ lower extrem-
ity bypass) may have greater variation than one where a pro-
cedure is the only logical next step (e.g., non-metastatic 
colon cancer ⇒ colectomy) [66].

For many, these variations are the manifestation of physi-
cian-induced demand, with subspecialists driving higher 
rates of potentially unnecessary procedures [67]. The extent 
to which this phenomenon exists has been hotly debated for 
decades. Another way of conceptualizing the debate over 
physician-induced demand is to consider part of the regional 
variations in rates of care as resulting from differences in the 
relative rates of underuse and/or overuse of surgical treat-
ment. In moving forward with this concept, some definitions 
are important:

Overuse: Occurs when a health care service is provided under 
circumstances in which its potential for harm exceeds the pos-
sible benefit

Underuse: Failure to provide a health care service when it would 
have produced a favorable outcome for a patient

Chassin and Galvin [68]

In determining the potential for a surgical procedure to pro-
vide an acceptable ratio of likelihood of benefit to possibility 
of harm – one estimate of value – the best available resources 
are evidence-based guidelines developed by professional 
organizations and consensus panels. The extent to which 
these guidelines reflect a significant body of evidence is not 
always perfect, but they are at least a starting point [69].

Generally speaking, it is much easier to accurately assess 
the presence of overuse than it is to quantify underuse. This 
is simply due to the availability of the denominator popula-
tion. In a recent study by Keyhani et al., the appropriateness 
of tympanostomy tubes for otitis media in five New York 
hospitals was examined [70]. Of 682 pediatric patients who 
underwent the procedure, a majority (70%) were considered 
inappropriate overuse based on existing guidelines. In this 
study, the denominator population was easily identified – 
patients undergoing tympanostomy placement. A study 
examining underuse of tympanostomy tubes would be much 
more challenging, as it would involve examining primary 
care physicians’ records for all patients with confirmed or 

suspected otitis media in a large population. If one was to 
examine the population-based need for tympanostomy tubes 
within New York, what would the actual use of the procedure 
be if there was no (or minimal) underuse or overuse?

Studies examining underuse yield dramatic findings as 
well. One classic study examined rates of coronary angiogra-
phy after acute myocardial infarction (MI) within the Veterans 
Affairs (VA) system and Medicare [71]. The study cohort 
(denominator population) was defined a needed angiography 
based on American College of Cardiology guidelines. Cohort 
patients within the VA system received a needed angiography 
43% of the time, whereas those in Medicare 51%.

Why are these types of studies important? As the demand 
for value in health care delivery increases, so will the expec-
tation that procedure-based specialties justify the work they 
perform, in terms of outcomes for their patient population.

Technological Advance

The possibility that advancing medical technology will obvi-
ate the need for surgical care (and surgeons) is a source of 
great intuitive appeal and worthy of mention. Rates of surgi-
cal treatment for specific disease processes have been dra-
matically reduced, some nearly eliminated by innovation in 
medical (non-surgical) treatment. Some examples include 
peptic ulcer disease, tuberculosis, and coronary artery dis-
ease. The war on cancer also appears to be having some sig-
nificant recent successes in reducing the incidence of certain 
malignancies, most notably lung, colorectal, breast, and 
prostate cancer [72].

On the other hand, minimally invasive surgical technol-
ogy has resulted in a lower clinical threshold to perform spe-
cific surgical procedures (e.g., cholecystectomy) [73, 74]. 
With the increasing use of laparoscopic and other minimally 
invasive surgical approaches, more latent demand for proce-
dures may be unlocked. Some surgical disease processes are 
actually becoming much more common (e.g., diverticulitis) 
[75]. And, surgical treatment is being applied to conditions 
that may have been historically managed only medically, for 
example obesity, with an estimated 113,000 inpatient surgi-
cal procedures for obesity per year in 2005 (800% increase 
from 1998) [76].

What is the overall impact of evolving technology on the 
profile and quantity of surgical procedures? In one study 
based on California data from 1990 to 2000, Liu et al. quanti-
fied trends in the volumes of 32 inpatient surgical procedures 
[77]. Total procedural volume increased by 20.4%, during a 
period in which the State population increased by 13.8%. 
Technological advance has the capacity to increase, decrease, 
and change the demand for surgical treatment.
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Summary: Looking Toward the Future

The task of predicting what health care delivery will look 
like in the near (or distant) future is potentially foolhardy. In 
this chapter, we have demonstrated some of the most impor-
tant variables that need to be considered in estimating the 
ability of the current and future systems of care to provide 
treatment to the US population. Despite the obvious diffi-
culty in making accurate predictions and the historical prob-
lems with them, there is a growing consensus that the aging 
of the US population represents a looming crisis. Whatever 
magnitude of crisis evolves, efforts to minimize its impact on 
patient care will require action on multiple fronts and at mul-
tiple levels.

First and foremost, there is strong evidence that in the 
future demand for surgical procedures will outstrip the sup-
ply of surgeons. Solutions to this emerging problem will 
need to occur on multiple fronts. Training more surgeons is 
the most apparent solution, but this can only be part of the 
answer to the problem. In the immediate and near-term future 
(10–15 years) growth in surgical training programs can pro-
vide only a minimal boost to the active surgical workforce. 
Other informal pathways, such as allowing trained surgeons 
from other countries to become licensed in the US after an 
abbreviated domestic training may have some appeal, but the 
idea of draining these resources from less developed coun-
tries is ethically untoward [27, 78, 79]. In addition to increas-
ing the number of new surgical trainees, attention may need 
to be focused on retaining those in practice. While the current 
state of the economy (and most retirement investment portfo-
lios) may cause this even without any policy planning, steps 
may be taken to encourage physicians to remain in practice. 
This may call for developing means for surgeons in or near 
retirement to maintain reduced workloads with only propor-
tionate reductions in professional income. Also, vanishingly 
little research has been conducted examining the relative effi-
ciency of surgeons employed in private practice vs. academic 
practice vs. health maintenance organizations. The use of 
non-physician clinicians may have an important and widen-
ing role in enabling surgeons to focus more completely on 
operative and associated responsibilities and a reduced role in 
administrative and non-essential clinical activities.

The aging population will result not only in an increased 
demand for surgical procedures, but also in a different profile 
of surgical patients. Operations for disease processes specific 
to older patients will become more frequent, especially 
orthopedic and spinal operations. Patients will be older and 
more comorbid, and will require an increased focus on opti-
mizing medical management. A greater partnership with 
medical hospitalists is already occurring, and will almost 
certainly continue to grow. In order to care for these patients 
in a way that provides the greatest benefit to the population 

at hand, surgeons need to be proactive in analyzing the 
outcomes, effectiveness and appropriateness of the surgical 
treatment provided to elderly patients. Rigorous quality 
monitoring and improvement efforts are a key part of how 
our field can rise to meet these demands.

In considering the impact of these forthcoming changes, 
surgeons of all specialties need to have a seat at the leader-
ship table. The perspective of prominent health care econo-
mists envisions the physician workforce en masse, and in 
doing so may completely ignore crises within a particular 
field. Surgeons of all types will need to ensure that their 
needs and the needs of their patients are heard.
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Introduction

Emphasis on Patient Safety  
and Quality of Care

Since the Institute of Medicine (IOM) reports To Err is 
Human and Crossing the Quality Chasm were released a 
great deal of attention has been focused on improving both 
patient safety and the quality of care. The IOM estimates that 
98,000 people die per year in hospitals due to preventable 
medical errors, with higher error rates and more serious con-
sequences occurring in intensive care units, operating rooms, 
and emergency departments [1, 2]. Surgeons not only care 
for patients in high-risk environments including intensive 
care units and operating rooms but also care for high-risk 
patients who may require a procedure under emergency cir-
cumstances or have multiple comorbid medical conditions. 
These patients are at the greatest risk for adverse outcomes 
and will likely have the largest benefit from improvements in 
the quality of health care. Elderly patients undergoing sur-
gery are one example of such a population at risk and there-
fore attention has been focused on elderly surgical patients 
and the potential importance of geriatric surgery as a surgical 
specialty.

The IOM also recently addressed the health-care issues of 
our aging population through the Committee on the Future 
Healthcare Workforce for Older Americans in their 2008 
report entitled Retooling for an Aging America: Building the 
Healthcare Workforce [3]. The committee proposed three 
mechanisms for improving the ability of our health-care 
system to care for older Americans: (1) Enhance the compe-
tence of all individuals in the delivery of geriatric care; 
(2)  increase the recruitment and retention of geriatric 

specialists and caregivers; and (3) redesign models of care 
and broaden patient and provider roles to achieve greater 
flexibility. In addition, the committee noted that although 
general surgeons treat large numbers of older patients, there 
is no specific requirement for geriatric training or subspe-
cialty certificate available in geriatric surgery. In contrast, 
there is a requirement for education in pediatrics within gen-
eral surgery, as well as the subspecialty of pediatric surgery. 
The IOM recommendations are timely given the aging of the 
population and recent research efforts to improve the quality 
of care for elderly surgical patients.

Quality of Care Definitions

The conceptual framework driving quality improvement is 
based on the Donabedian model of quality evaluation, where 
care can be categorized into three types: structure, process, 
and outcomes [4]. As shown in Fig. 13.1, structural items are 
thought to influence both process and outcomes. Specifically, 
structural items include characteristics of the clinician (e.g., 
board certification), hospital (e.g., staffing patterns, proce-
dure volume), and patients (e.g., insurance type, severity of 
comorbidities). Process items are the activities that occur 
between the patient and practitioner. Process refers to 
whether the medically appropriate decisions are made and 
whether care is provided in an effective and skillful manner. 
Outcomes data apply directly to patients and include mortal-
ity, morbidity, functional status, and quality of life. With 
respect to quality of care in geriatric surgery, examples of 
structural items include presence of a hospital ward designed 
for elderly patients or presence of a geriatric care coordina-
tor. Examples of process items unique to geriatric surgery 
may include co-management of a geriatric surgery patient by 
a geriatrician or internist, and preoperative completion of a 
comprehensive geriatric assessment (CGA). Examples of 
outcomes unique to the geriatric surgery population may 
include postoperative delirium, change in functional status, 
and discharge to a skilled nursing facility.

M.L. McGory (*) 
Department of Surgery, David Geffen School of Medicine  
at the University of California, Los Angeles, CA, USA 
e-mail: mmcgory@mednet.ucla.edu

Chapter 13
Defining Quality of Care in Geriatric Surgery

Marcia L. McGory, Hiroko Kunitake, and Clifford Y. Ko 



172 M.L. McGory et al.

The Impact of the Aging Population

The aging of the US population will place significant stress 
on the current health-care system. According to the US 
Census Bureau, in the last century the rate of growth of the 
elderly population (aged 65 and older) greatly exceeded the 
growth rate of the population as a whole. Between 1900 and 
1994, while the total population tripled, the elderly popula-
tion increased by a factor of 11. This rapid growth is expected 
to continue. In 2010, the elderly are predicted to account for 
13% of the US population but by 2050 the elderly will com-
prise 20% of the US population. In addition, the elderly pop-
ulation is responsible for a disproportionate amount of 
health-care utilization and cost. According to the National 
Hospital Discharge Survey in 2006, patients aged 65 years 
and older contributed to 38% of hospital discharges and 43% 
of days of inpatient care [5].

The impact of the aging population has become especially 
apparent within the surgical disciplines. The field of surgery 
is undergoing a largely unrecognized paradigm shift due to 
the expanding and aging population in combination with an 
increasing emphasis on patient safety and quality of care. 
Patients aged 65 and older currently make up 60% of cases 
within general surgery and this is expected to increase 13% 
by 2010 and 31% by 2020 [6].The impact of the aging popu-
lation will be even more significant in some of the surgical 
subspecialties. The proportion of work performed on patients 
aged 65 and older is highest for ophthalmology (88%), car-
diothoracic surgery (70.3%), and urology (64.8%) [6]. The 
anticipated increases in the number and proportion of elderly 
surgical patients are likely due to multiple factors – not only 
has the elderly population increased in absolute numbers, but 
the threshold for performing surgery in the elderly has likely 
decreased with time [7]. These two factors will significantly 
increase the demand for surgical services and surgeons must 
develop strategies to maintain high quality care despite an 
increased and increasingly complex workload.

While the performance of the surgeon may largely be 
identical in the operating room with respect to surgical tech-
nique, there are a significant number of unique aging-related 
issues that must be addressed when caring for an elderly sur-
gical patient. The potential needs of an elderly surgical popu-
lation include increased attention to preoperative risk 
assessment, explicit communication with the patient and 
family regarding functional outcomes, and an emphasis on 
postoperative rehabilitation. The new focus on patient safety 
and quality no longer revolves solely around conventional 

surgical morbidity and mortality but probably should include 
the equally important issues of quality of life and return to 
preoperative level of functioning for the elderly surgical 
patient. The combination of these forces has created signifi-
cant demand for the development of a new model for elderly 
surgical care which would improve efficiency and provide 
optimum care for this vulnerable population.

Unique Processes of Care and Outcomes  
in Geriatric Surgery

One of the first steps to improve the quality of care in geriat-
ric surgery revolves around the concepts of preoperative 
assessment as well as prevention of perioperative complica-
tions. The comorbid disease burden is higher in elderly 
patients and in combination with decreased physiologic 
reserves requires closer attention to preoperative assessment 
and optimization of cardiovascular, pulmonary, renal, and 
endocrine status. Prevention of untoward events (e.g., infec-
tion, myocardial ischemia, delirium) should become the 
emphasis for this vulnerable population. In addition, preop-
erative assessment should not be limited to traditional comor-
bid disease but should extend to include geriatric issues such 
as cognitive impairment, malnutrition, risk of falls, and pres-
sure ulcer development. Assessment of baseline functional, 
nutritional, and cognitive status will not only guide the peri-
operative care of the elderly patient but may influence 
patient–provider discussions regarding the aggressiveness of 
surgical intervention. Appropriate goals of surgery may 
range from palliation of malignant bowel obstruction to cura-
tive colorectal cancer resection. Further work is needed to 
identify processes of care unique to the geriatric surgery 
population that address preoperative assessment, optimiza-
tion of comorbidities, and prevention of complications.

The second step to improve the quality of care in geriatric 
surgery may involve expanding the traditional outcome mea-
sures in surgery (e.g., morbidity and mortality) to include 
items that emphasize quality of life, functional outcomes and 
symptoms rather than solely prolongation of life. This move 
to identify such outcomes would highlight and emphasize 
the importance of these priority issues in the geriatric patient. 
The typical definition of postoperative morbidity might be 
expanded to include such postoperative events as episodes of 
postoperative delirium, in-hospital falls, development of 
pressure ulcers, and maintenance vs. decline of functional or 
cognitive status. One of the primary outcomes of interest 
after surgical intervention in the elderly population could 
also be return of the patient to their previous environment as 
well as their functional level prior to surgery. Therefore, the 
location of discharge after surgery (e.g., home vs. skilled 
nursing facility) as well as the functional status as measured 

OutcomesProcessStructure

Figure 13.1  Donabedian model of quality of care.
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by activities of daily living (ADL), instrumental activities of 
daily living (IADL), or ambulation might be important to 
include as outcomes for the elderly patient undergoing 
surgery.

Potential Mechanisms for Improving  
the Quality of Elderly Surgical Care

The discipline of geriatrics is becoming an important part of 
the daily perioperative care of elderly patients on the surgical 
ward which has implications for how to restructure the surgi-
cal unit and train and teach both surgeons and other health-
care providers. A multitude of tools exist for restructuring 
surgical training and include involvement of the surgical 
boards and societies, pay-for-performance, the use of risk-
adjusted outcomes, voluntary restructuring of the way we 
care for surgical patients, and feedback.

First, surgical boards and societies may need to become 
more directly involved with this paradigm shift. Similar 
changes have been performed in the field of Internal 
Medicine. The Residency Review Committee for Internal 
Medicine (RRC-IM) of the Accreditation Council for 
Graduate Medical Education (ACGME) recently proposed 
an outcomes-based accreditation strategy which shifts the 
emphasis from an external audit of education to a continuous 
assessment and improvement of the trainee’s clinical compe-
tence [8]. The overarching goal of the change in the accredi-
tation process of residency programs is to ensure that the 
emphasis on quality of care is also translated into quality of 
training [9]. Similar opportunities exist for surgical boards 
and societies to become leaders in this necessary paradigm 
shift. A partnership between the American College of 
Surgeons (ACS) and the American Geriatrics Society may 
help to address the necessary training and education issues of 
this intersection between the fields of geriatrics and surgery. 
Certainly, the Residency Review Committee (RRC) and 
ACGME are important in these endeavors as well. The ACS 
has already identified geriatric surgery as an important topic 
area through the development of a Geriatric Surgery Task 
Force, development of an online web portal with a geriatric 
surgery community, and identification of potential “geriatric-
specific” variables for inclusion in the ACS National Surgery 
Quality Improvement Program (NSQIP) in order to help 
measure and improve the quality of care for geriatric surgery. 
More collaborative efforts of groups such as these are needed 
if we are to make headway with a paradigm shift toward the 
uniqueness, necessity, and importance specific to geriatric 
surgical care.

A second tool includes the potential use of incentivization 
for better care, or what is more commonly known as pay-for-
performance. The Center for Medicare and Medicaid Services 

(CMS) is currently performing a Hospital Quality Incentive 
demonstration project utilizing widely accepted process and 
outcome measures for the conditions of acute myocardial 
infarction, heart failure, pneumonia, coronary artery bypass 
graft, and hip and knee replacement. Hospitals scoring in the 
top 10% for a given condition will receive a financial bonus 
while hospitals scoring in the second 10% receive a lesser 
bonus [10]. Potentially, Medicare could opt to reward hospi-
tals for the presence of structural items such a geriatric care 
unit or process items such as adherence to geriatric surgery-
related process measures (see below), or even outcomes. To 
date, many of the quality metrics in surgery are derived from 
the Surgical Care Improvement Project (SCIP), which has 
identified specific process measures related to surgical site 
infection, thromboembolism, cardiac complications, and 
ventilator associated pneumonia. What has been demonstrated 
is a substantial increase in process measure adherence – from 
around 40% adherence at the start of the project – to rates 
well above 80%, with many measures gaining adherence 
above 90%. Identifying important measures whether struc-
tural, process, or outcomes, goes a long way toward recogni-
tion and improvement.

A third tool includes the use of risk-adjusted outcomes. 
The current prototype for the assessment of risk-adjusted 
surgical outcomes is the Department of Veterans Affairs 
(VA) NSQIP, an ongoing quality improvement program that 
relies on the accurate and timely collection of prospective 
data by trained clinical nurse reviewers. The analysis of data 
within NSQIP provides the information necessary to create 
predictive models for morbidity and mortality for specific 
surgical procedures as well as compare the expected and 
observed numbers of deaths/complications across VA hospi-
tals [11]. Since the inception of NSQIP in the mid-1990s, the 
30-day mortality rate in the VA Medical Centers has decreased 
by 27% and the 30-day morbidity has decreased by 45%. 
These results demonstrate the usefulness of providing risk-
adjusted outcomes as a benchmark, which assists with iden-
tification of areas for surgical quality improvement.[12]

Similarly, the ACS NSQIP has demonstrated that provid-
ing risk-adjusted outcomes also results in improvement in 
private sector hospitals. For example, an analysis of the most 
recent 3 years of data shows that 66% of hospitals were able 
to reduce their risk-adjusted mortality rates while 83% of 
hospitals reduced their risk-adjusted complication rates. 
Prior internal analyses by the ACS has also demonstrated 
interesting results regarding risk-adjusted outcomes in the 
elderly. While it is not surprising that the elderly had up to 
three times higher rates of complications and up to 20 times 
higher rates of mortality compared to nonelderly cohorts, it 
was interesting to note how the complications differed 
between the elderly and nonelderly. Specifically, the rates of 
surgical site infection, thromboembolism, postoperative 
bleeding, and return to the OR did not differ by age while the 
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elderly had significantly higher rates of acute myocardial 
infarctions, pneumonias, unplanned reintubations, urinary 
tract infections, and renal failure. These specific complica-
tions may lend themselves to identifying important processes 
of care to reduce these untoward events. Further stratification 
by age as part of the risk-adjustment analysis may also help 
identify procedures and age groups (e.g., octogenarians) with 
the most variability in morbidity and mortality which could 
potentially lead to large improvements in the outcomes of 
surgical procedures performed in the elderly [13].

A fourth option is a voluntary restructuring of the way we 
take care of surgical patients. In the traditional surgical 
model, surgeons often round on their patients twice a day 
while the nursing staff traditionally has been trained to a 
large degree to care for the technical aspects of the patient’s 
post-op recovery. A new model for elderly surgical care may 
be required which incorporates more of a collaborative team 
approach with the integration of providers including sur-
geons, anesthesiologists, geriatricians, general internists, 
medical specialists, rehabilitation medicine, and nursing. 
Additional services will also play a critical role including 
physical/occupational therapists, nutritionists, and others. 
The team approach is central to the success of this model 
because the elderly surgical patient often brings a complex 
mix of both medical and surgical comorbid disease in addi-
tion to a variable level of functionality with respect to cogni-
tion, ambulation, and degree of independent self-care. Few, 
if any, single providers can give the optimal care needed for 
an elderly patient undergoing a major surgical procedure and 
completely address the interwoven issues of nutrition, cogni-
tion, rehabilitation, management of comorbid disease burden 
and postoperative surgical care. The prevention of postoper-
ative delirium, for example, may include specialized nursing 
care with minimal use of restraints and specialized equip-
ment for hearing or visual impairment. Physical and occupa-
tional therapy may start in the immediate postoperative 
period with specific goals set based on the results of the pre-
operative functional assessment. Specialized geriatric care 
units could increase the role for the elderly patient’s family 
in the preoperative, in-hospital, and postdischarge aspects of 
care. Physicians should probably limit certain medications 
such as narcotics. Family assistance with self-care and reha-
bilitation while the elder is in the hospital can ultimately 
facilitate the discharge planning process and transition to 
home.

However, none of these options for implementation of a 
new model for elderly surgical care will likely be as success-
ful without some sort of level of feedback mechanism (trans-
parent or not) to return information to the providers and 
hospitals. The concept of quality improvement relies on the 
return of information to the provider so that outcomes are 
acknowledged (e.g., rates of postoperative delirium, percent-
age of patients with a change in functional status requiring 

discharge to a skilled nursing facility), improvements are 
noted and changes can be implemented.

Current Research on Geriatric Surgery 
Quality of Care

A review of the literature demonstrates multiple ongoing 
research efforts on the topic of geriatric surgery quality of 
care. Potential mechanisms for quality improvement include 
the use of quality indicators specific to geriatric surgery, 
preoperative assessment of geriatric surgery patients, 
co-management of these patients by geriatricians, a geriatric 
surgery consult service for nursing home patients and nurs-
ing programs focused on the needs of hospitalized elderly 
patients.

The first avenue of research to improve geriatric surgery 
quality of care is the development of quality indicators. 
Health-care regulatory agencies are now beginning to use 
quality indicators, defined as process measures that signify 
or result in higher quality, to measure quality of care. CMS 
and JCAHO are using quality indicators to evaluate care in 
nonsurgical diseases but the main reason for their lack of use 
in the surgical domain is that appropriate surgery-related 
quality indicators are still being developed. The quality of 
medical care for the elderly population has been the target of 
a significant amount of research through the RAND Health 
Assessing Care of Vulnerable Elders (ACOVE) project [14, 
15]. The most recent update to the ACOVE project specifi-
cally identified quality indicators for elderly surgical patients 
including quality indicators for hospitalization and surgery 
in vulnerable elders [16] and quality indicators for the treat-
ment of colorectal cancer in vulnerable elders [17].

In another effort to identify both necessary and important 
process measures that must be performed when taking care 
of an elderly surgical patient, McGory et al. gathered a twelve 
member expert panel consisting of physicians in surgery, 
geriatrics, anesthesia, internal medicine, pulmonary and crit-
ical care, and rehabilitation medicine to identify important 
processes of care for elderly patients undergoing major 
abdominal surgery [18]. The validity of the process measures 
was assessed using a modification of the RAND/UCLA 
Appropriateness Methodology [19–25]. Eighty-nine candi-
date indicators were identified and categorized into seven 
domains: comorbidity assessment (e.g., cardiopulmonary 
disease), elderly issues (e.g., cognition), medication use (e.g. 
polypharmacy), patient-to-provider discussions (e.g., life-
sustaining preferences), intraoperative care (e.g., preventing 
hypothermia), Postoperative management (e.g., preventing 
delirium), and discharge planning (e.g., home health care). 
Of the 89 candidate indicators, 76 were rated as valid by the 
expert panel. Importantly, the majority of indicators rated as 
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valid address processes of care not routinely performed in 
younger surgical populations (Table  13.1). Currently, with 
support from the National Institute on Aging, this research 
group is attempting to identify process measures that are 
applicable to all of inpatient elderly surgery (rather than just 
major abdominal surgery) in addition to elderly specific 
structure and outcome measures.

A second avenue of research involves the comprehensive 
preoperative assessment of elderly surgical patients. The pre-
operative assessment in elderly cancer patients (PACE) was a 
prospective study of patients 70 years and older undergoing 

elective cancer surgery [26]. PACE components included a 
mini-mental state exam (MMSE), ADLs, IADLs, Geriatric 
Depression Scale (GDS), brief fatigue inventory (BFI), per-
formance status, American Society of Anesthesiology Scale 
(ASA), and Satariano’s index of comorbidities (SIC). 
Multivariate analysis demonstrated that IADL, BFI, and ASA 
were the most important components of PACE to explain 
postsurgical complications. Further work is needed to deter-
mine if PACE can predict postoperative outcomes including 
length of stay, morbidity, and mortality. Similarly, Harari 
et  al. evaluated proactive care of older people undergoing 

Table 13.1  Process measures unique to the elderly undergoing surgery vs. perioperative care items universal to all surgical patients

Domain of care Process measures unique to elderly undergoing surgery Process measures universal to all surgical patients

Comorbidity assessment Complete standardized cardiovascular risk evaluation 
per ACC/AHA guidelines

Estimation of creatinine clearance

Standardized preoperative lab panel
Pulmonary physical exam/review of systems
Obtain history of diabetes
Assess use of tobacco/alcohol
Smoking cessation

Evaluation of elderly issues Screen for nutrition, cognition, delirium risk, pressure 
ulcer risk

Assess functional status including ambulation, vision/
hearing impairment, and ADLs/IADLs

Referral for further evaluation for impaired cognition or 
functional status, high risk for delirium, or 
polypharmacy

Not applicable

Medication use Indications for inpatient bowel preparation
Evaluation of medication regimen and polypharmacy
Avoid delirium-triggering medications and other 

potentially inappropriate medications (e.g., Beers 
criteria)

Instruction on preoperative medication management
Perioperative beta blockade
Intravenous antibiotic prophylaxis
Endocarditis prophylaxis
Deep venous thrombosis prophylaxis

Patient–provider discussions Assess patient’s decision-making capacity
Specific discussion on expected functional outcome, 

life-sustaining preferences, and surrogate decision 
maker

Informed consent about treatment options, and risks/
benefits of surgery

Treatment preferences (e.g., do not resuscitate) should 
be followed

Intraoperative care Not applicable Prevent hypothermia
Proper positioning

Postoperative management Prevent malnutrition, delirium, deconditioning,  
pressure ulcers

Daily screen for postoperative delirium and  
standardized workup for delirium episode

Make staff aware if hearing/vision impairment
Patient access to glasses, hearing aid, dentures
Consider home health for assistance for ostomy care
Infection prevention with daily assessment of central 

line and indication for use, early foley catheter 
removal, and standardized fever workup

Appropriate restraint use
Measure daily input/output
Aspiration precautions
Use of incentive spirometer
Use of translator or interpreted materials for deaf or 

non-English speaking
Education about ostomy self-care
Pain assessment with each set of vital signs

Discharge planning A discussion with the patient or caretaker about purpose 
of drug, how to take it, and expected side effects/
adverse effects for all medications prescribed for 
outpatient use

Assess social support and need for home health prior to 
surgery

Assess nutrition, cognition, ambulation, and ADLs prior 
to discharge

A complete list of medications and dosages to 
continue upon discharge from the hospital

Assess need for medical equipment, home health, 
skilled nursing facility prior to discharge

Written and oral discharge instructions
Discharge summary to indicate follow-up labs, tests, 

appointments
Follow-up visit within 6 weeks
Communication to primary-care doctor

Source: Reprinted with permission from [17]. Copyright Elsevier 2005
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elective surgery (POPS), a CGA service for older elective 
surgical patients [27]. The POPS team consisted of a geriatri-
cian, geriatric nurse specialist, physical and occupational 
therapists, and social worker. The preoperative assessment 
included the abbreviated mental test score, GDS, Barthel 
index, timed up and go, 180° degree run, body mass index, 
continence screen, orthostatic blood pressure, numeric pain 
score, and peak expiratory flow rate. A comparison of out-
comes before and after the POPS intervention revealed sig-
nificantly decreased rates of delirium, pneumonia, wound 
infection, uncontrolled pain, presence of a urinary catheter 
for more than 4 days without indication, pressure sores, bed-
ridden patients, and length of stay.

A third avenue of research is the use of a dedicated geri-
atric service for the co-management of geriatric surgery 
patients. Friedman et al. evaluated the outcomes of a geriat-
ric fracture center co-managed by orthopedic surgeons and 
geriatricians [28]. The principles of the geriatric fracture 
center included the following: (1) most patients benefit from 
surgical stabilization of the fracture; (2) timely surgical inter-
vention decreases the time in the hospital for development of 
iatrogenic illness; (3) co-management and frequent commu-
nication between the orthopedic surgery and geriatric teams 
decreases iatrogenesis; (4) standardized protocols decrease 
variability in care; and (5) discharge planning starts at the 
time of admission. During a 1-year time period, the geriatric 
fracture center managed 195 patients. The average time to 
the operating room was 24.1 h, length of stay was 4.6 days 
(expected length of stay was 5.2 days using a large health-
care database that determined expected outcomes while 
adjusting for patient characteristics), readmission within 
30 days was 9.7% (expected 19.4%), and in-hospital mortal-
ity was 1.5% (expected 3.2%). Similarly, Fallon et al. evalu-
ated the outcomes of geriatric trauma patients when evaluated 
by a geriatrician within 24 h of admission [29]. A standard-
ized geriatric trauma consultation was utilized which 
included the following components: demographics, clinical 
information (e.g., trauma mechanism, primary and second-
ary diagnoses), physical function (e.g., ADLs, ability to 
ambulate), cognitive function (e.g., orientation-memory con-
centration exam, MMSE, confusion assessment method), 
mood (e.g., geriatric depression scale), medications (focus 
on potentially inappropriate medication), and pain control. 
In addition to providing input on geriatric trauma patient 
management, the geriatric trauma team participated in 
weekly multidisciplinary rounds as well as monthly perfor-
mance improvement meetings. During a 1-year time period, 
114 out of 285 geriatric trauma patients were seen in consul-
tation by the geriatric trauma team. The most common issues 
addressed by the geriatricians were pain control, rehabilita-
tion, delirium/dementia, hypertension, and decreased use of 
adverse drugs. The geriatric trauma patients seen by geriatri-
cians had higher rates of discharge to rehabilitation and a 

statistically significant lower mortality rate (4% vs. 18%). 
Both of these studies clearly demonstrate the benefits of geri-
atric assessment and co-management for two diverse patient 
populations (hip fracture and trauma) suggesting that routine 
geriatric co-management should be an essential component 
of improving the quality of care in geriatric surgery.

A fourth avenue of research is the use of a geriatric sur-
gery consult service for frail nursing home patients requiring 
surgical intervention. This model was evaluated by Zenilman 
et al. [30]. Maintenance surgical care included monitoring of 
pressure ulcers, stomas, and enteral feeding tubes. However, 
abdominal, breast, and vascular disease were also commonly 
treated. The goals and indications of consultation for surgi-
cal intervention in an elderly patient vary widely and must be 
explicitly stated. The goals of surgery could potentially range 
from palliation to curative resection. Common procedures 
such as placement of a feeding tube may be secondary to 
severe malnutrition, cognitive decline (severe dementia), or 
loss of the ability to care and feed oneself. In addition, many 
procedures such as those relating to access (e.g., enteral, vas-
cular) or wound care may be chronic in nature. The success 
of a geriatric surgery consult service depends on the ability 
to focus on the patient’s goals for treatment rather than solely 
on a surgical cure.

Finally, a fifth avenue of research is the development of a 
nursing program that specifically addresses the needs of hos-
pitalized geriatric patients. Nurses Improving Care for 
HealthSystem Elders (NICHE) was developed through the 
Hartford Institute for Geriatric Nursing at New York 
University College of Nursing. Components of NICHE 
include a geriatric institutional assessment profile, staff 
development tools, nursing care models (e.g., use of a geriat-
ric resource nurse and acute care of the elderly unit model), 
and research-based clinical protocols (e.g., improving detec-
tion and management of delirium). Boltz et al. evaluated the 
changes in the geriatric care environment associated with 
NICHE in a sample of eight acute care hospitals in the USA 
[31]. After NICHE implementation, both perceptions of the 
geriatric nursing practice environment by nurses and the 
quality of geriatric care increased. This research is vitally 
important because of the important role of nurses as part of 
the team approach to delivering high quality geriatric care.

Conclusion

Just as pediatric surgery became a specialty unto itself, 
the  expanding and aging population has created a potential 
niche for the specialty of geriatric surgery at the opposite end 
of the age spectrum. The field of geriatric surgery may indi-
cate a focus on elderly patients for the surgeon, but more 
importantly the specialty of geriatric surgery represents a 
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collaboration between surgeons, geriatricians, internists, and 
many other health-care providers who together will address 
the complex interdisciplinary issues unique to the growing 
elderly surgical patient population. A great deal of effort is 
currently being spent on the means of improving the quality of 
care for geriatric surgery patients through the process mea-
sures of developing appropriate quality indicators, improving 
preoperative assessments and collaboration between surgeons 
and geriatricians in novel ways such as co-management of 
elderly surgical patients and surgical consult services in nurs-
ing homes. However, to evaluate the quality of care for these 
elderly surgical patients we must have quality metrics. One 
possibility is to use adherence to process measures as repre-
sentative of quality. However, adherence to these process 
measures may not correlate well with the outcomes of lower 
morbidity and mortality and improved quality of life which 
are the ultimate goals of the patient and providers.

Another option is to use outcomes to measure quality – 
the question becomes which outcomes should we employ to 
evaluate the quality of elderly surgical care? Should we use 
traditional outcomes such as mortality and complications or 
patient reported items such as quality of life and functional 
status? An important limitation to the use of any quality met-
ric is the ability to measure the quality metric. Some out-
comes such as mortality are easily quantified and measured 
while others such as quality of life are difficult to define and 
evaluate. And with all quality measures, are there potential 
unintended consequences to their use as a quality measure? 
If we decide to use urinary tract infection as a quality mea-
sure, is everyone then required to have a urinalysis or urine 
culture to ensure there is no urinary tract infection? Finally, 
when we decide on our quality measures, who will be held 
responsible for the quality of care – the surgeon, the geriatri-
cian, or one of the many other members of the team caring 
for the elderly surgical patient? Certainly, there are a number 
of issues to address with the use of quality metrics, but prog-
ress in evaluating and improving geriatric surgical care 
should not be stalled.

Defining quality of care in geriatric surgery is an evolving 
process with many yet unresolved issues. However as 
increasing attention and effort is focused on the growing 
population of elderly surgical patients, we will better under-
stand how to improve and define the quality of surgical care 
for this unique patient group.
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Introduction

Normative ethics addresses the criteria or standards by which 
we judge whether an action is considered to be right or 
wrong. Medical ethics is built on a utilitarian ethical struc-
ture; it bases what we ought to do on competing principles 
that are applied in the context of the clinical setting and not 
on overarching deontological moral imperatives. The guid-
ing principles of American medical ethics are those of respect 
for autonomy, nonmaleficence, beneficence, and justice 
(Table  14.1). Autonomy is defined as the right to self-
determination, the right to make one’s own choices. The 
principle of nonmaleficence, often equated with the phrase 
primum non nocere, first do no harm, is better described as 
the obligation not to knowingly do harm by either an action 
or the omission of an action. Beneficence is the act of doing 
the most possible good; to take the action which will result in 
the most beneficial outcome for the patient. Justice, in the 
context of health care, refers to equality of medical treatment 
and the access to care. For any given clinical situation, the 
application of each of these principles may give different 
answers to what is right or wrong [1].

Weighing these competing principles in cultural, societal, 
and the individual contexts may lead to different actions. Not 
all cultures approach ethics in the same manner. For exam-
ple, some religion-based cultures may feel that there are spe-
cific rules or god-given imperatives that may never be 
compromised and therefore all competing interests are sec-
ondary. The relative value of the four stated principles may 
be different for someone in a family-centered culture where 
individual autonomy may be less important than it is for 
American culture [2]. In this chapter, we discuss how these 
principles are applied in modern, mainstream American 
medicine with a special focus on the geriatric population.

Appropriate treatment of the geriatric patient involves a 
shift in perspective and priorities. The physician must recog-
nize the multifactorial nature of illnesses, the need to fully 
understand the goals of care prior to initiating workup, and 
the need to continually review these goals as events unfold. 
Most illness states in older patients do not follow the para-
digm of a unifying pathologic event. There may be many 
factors that need to be identified and addressed; factors that 
have predisposed the individual to the event, changes that 
have precipitated the event, and consequences of the situa-
tion. With age, the patient’s perspective on the relative values 
of quantity and quality of life may change. A patient might 
wish to live a full, vital life to the age of 100, but may not 
want to merely survive that long in an incapacitated state. 
What is seen as a benefit, what weighs heavier as a burden, 
or what risks that individual is willing to take may change 
with time and experience.

Truth-Telling

The principle of nonmaleficence has, for millennium, been 
cited to justify the withholding of “bad news” from patients. 
The edict to withhold bad news was little challenged until the 
1950s when the validity of this assumption came under scru-
tiny. In surveys conducted during the late 1950s and early 
1960s, less than one-third of responding physicians stated 
that they always tell the truth to their patients about the diag-
nosis of cancer [3]; and in one survey 69% stated that they 
usually do not or never tell the patient the diagnosis of cancer 
[4]. By 1979, a similar survey revealed that 97% of respond-
ing physicians thought that a patient should be told the diag-
nosis of cancer [5].

This profound shift in practice in less than 20 years reflects 
both advances in medical knowledge and shifts in the empha-
sis in medical ethics. The development of treatment options 
for cancer initially drove this shift in communication. Patients 
could not undergo chemotherapy or irradiation unless they 
consented to the treatment and in order for them to be able  
to consent they needed to be informed of their diagnosis.  
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In this case, recognizing the patients’ autonomous right to 
choose treatments, or to forego treatments, was felt to be 
stronger than what was perceived to be the avoidance of the 
catastrophic harm that would be done by telling them their 
diagnosis (nonmaleficence). Interestingly, disclosure of infor-
mation has not been found, in and of itself, to do harm. It 
does, in fact, allow the patient to discuss their goals and pref-
erences more fully, as well as their emotional reactions, and 
to plan how they wish to approach this phase of their life.

Even when treatment options are still limited or nonexis-
tent, as is the case with patients diagnosed with Alzheimer’s 
disease, the weight of the argument is in favor of autonomy 
and therefore for truth-telling [6]. As we place an increasing 
emphasis on advance health care planning, the obligation to 
inform patients while they are capable of making decisions 
about their own future has become paramount. This is espe-
cially true when there is a risk of the patient becoming inca-
pable of participating in decision-making, whether the patient 
is in the early stages of cognitive decline or facing the pos-
sibility of complications during surgery which might render 
them incapable of decision-making.

Older patients may have their right to know their diagnosis 
subverted by family members who feel that the patient would 
be unable to handle by knowing the information. On occa-
sion, because of cultural values or for other personal reasons, 
a patient may not wish to be told a diagnosis. Patients may 
waive their right to be informed, but this must be an explicit 
decision between the patient and the physician [7]. Surveys 
have shown that 90–95% of elderly patients would want to 
know their diagnosis if they have cancer, which is not differ-
ent than the percentages for younger patients.

Informed Consent

Every adult patient who has decisional capacity has the right 
to accept or decline any treatment that is offered. Informing 
the patient of the benefits, side effects, and alternatives of even 
common and simple therapies (such as medications) is the 
first step toward the patient’s consent as represented by their 
compliance with that therapy [8]. The process of informed 
consent when obtaining consent for invasive procedures is 

much more complex, but the same principles hold true 
(Table 14.2). The patient must understand the benefits of the 
procedure and the possible risks and burdens associated with 
it. The patient should also be informed of the benefits, risks, 
and burdens of all alternative therapies, including doing noth-
ing. The quality of this discussion is as important as the con-
tent [9] (Table 14.3) [10]. Long lists of unlikely complications 
may not serve a useful purpose [11]. The discussion should be 
based on patients’ values, fears, and goals and should inform 
them about the risks that either are common or, although rare, 
devastating. Documentation of the discussion should reflect 
the entire discussion, including the basis on which patients 
agreed or declined intervention and their ability to make the 
decision.

What information individual patients will want to know 
about their condition and possible treatments may differ with 
age. The 5-year prognosis may no longer be of as much sig-
nificance as the quality of life to be had with different treat-
ment options. The trade-offs between the burden of an 
intervention and its benefits will shift with different patient 
priorities [12]. An older person, or their surrogate, may wish 
to forego a diagnostic workup if they have already decided 
that they would not act on that information even if it was 
positive for disease. For example, a 90-year-old patient with 
multiple other medical conditions may decide to forego a 

Table 14.1  Definitions in medical ethics

Respect for autonomy Maximize the individual’s ability for  
self-determination

Nonmaleficence Do no harm by direct action or negligence
Beneficence The weighing of benefits, risks, and burdens 

for the greatest good
Justice The fair and equitable distribution of 

resources, greatest good for the greatest 
number of people

Table 14.2  Principles of informed consent

Assess the patient’s ability to understand the consequences of the 
decision

If the patient is incapable, identify an appropriate surrogate
Document the goals/values of the patient (or surrogate) expressed as 

the most important for the decision
Explain how the goals would be affected by the benefits/burdens/risks 

of the intervention
Document the decision and those present for the discussion

Table  14.3  Proposed communication skills for discussing evidence 
with patients

Ability to communicate complex information using nontechnical 
language

Tailoring the amount and pace of information to the patient’s needs 
and preferences

Drawing diagrams to aid comprehension
Considering the values of the patient while weighing choices
Explanation for the probability and the risk for each option
Facilitative skills to encourage patient involvement
Evaluation of internet information that patients might bring to them
Creating an environment in which patients feel comfortable to ask 

questions
Giving patients time to take in the information
Declaration of equipoise when present
Checking patient understanding
Negotiation
Source: Adapted from [10] with permission from Elsevier
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biopsy of a lung lesion, having decided that she would not 
agree to surgery, radiation, or chemotherapy.

Many interventions other than those traditionally referred 
to as invasive are now requiring formal informed consent. 
The use of physical and chemical restraints in psychiatric 
and long-term care settings requires documentation of accep-
tance either by the patient or a surrogate. Appropriately 
informing patients of the meaning (i.e., positive and negative 
predictive value) of screening tests has been a recent focus, 
especially for cancer screening, in view of the patients’ prog-
nosis and preferences.

The corollary to a patient’s right to informed consent is 
their right to decline treatment. In the 1991 case, Cruzan v. 
the State of Missouri the US Supreme Court ruled that 
patients have a right to refuse interventions and expanded 
this to include the right to refuse treatment for future care 
[13]. Chief Justice William H. Rehnquist wrote that a com-
petent patient has a “constitutionally protected liberty inter-
est in refusing unwanted treatment.” The ethical conflict that 
the practitioners find themselves in is between the autono-
mous right of the patient to choose and practitioner’s wish to 
do what they see as beneficent or nonmaleficent. This con-
flict often causes discomfort in the clinical setting. For exam-
ple, a patient may choose to decline the repair of an abdominal 
aortic aneurysm despite what the physician knows is a very 
high risk of rupture and death.

The patient may decline a treatment before the interven-
tion has been initiated or after it has been instituted. There is 
no legal or ethical distinction made between discontinuing 
and not initiating the same intervention [14], although fre-
quently there is a stronger emotional component to the for-
mer. For example, if a patient has end-stage kidney disease 
and opts to forego dialysis, he or she will die from uremia. If 
patients who have been on dialysis for a period of time decide 
to stop dialysis, they too will die from their kidney disease.

Two areas often present a particular difficulty in the clini-
cal setting: the discontinuation of ventilatory support and the 
discontinuing or noninitiation of artificial food or hydration. 
The discontinuation of ventilatory support parallels that of 
dialysis. The intervention has been instituted to maintain the 
patient through artificial means because of the failure of a 
vital organ to function. The patient will die from the effects 
of the underlying disease and resultant organ failure [15]. 
The conflicts cited in the case of discontinuation of ventila-
tory support are threefold: (1) that it is an active act (an act of 
commission) versus a passive act (act of omission) causing 
the demise of the patient; (2) that the proximity of the action 
to the death of the patient causes discomfort for the person 
stopping the ventilator; and (3) that the physician may not 
have a comfort level with palliation of the symptoms that 
may occur when ventilatory support is discontinued.

Much has been made of the arguments of “passive” versus 
“active” acts. Neither the legal nor the ethical literature 

supports it as a valid distinction [1], but it can make a major 
difference in the physician’s level of comfort. Although the 
proximity of an action to the patient’s death is uncomfortable 
for the physician, the need to discontinue invasive treatments 
for a patient who does not desire them is the more compelling 
duty. Being familiar with a routine of dignity and comfort care 
at the time of withdrawal of ventilatory support is crucial.

Discontinuing or foregoing artificial food or hydration in 
a dying patient also may cause discomfort on the part of phy-
sicians or patients’ families, but not necessarily to the patients 
themselves [16]. Neither nutrition nor fluid support is neces-
sary for comfort care, and there is evidence that fluids near 
the end of life cause discomfort by increasing secretions and 
suppressing the patient’s endogenous endorphin responses. 
The duty to withhold artificial food and hydration if it is the 
patient’s wish has been upheld in both state and federal 
courts and was confirmed in the Cruzan case. See the section 
below on “Decisions Near the End of Life” for more discus-
sion of this topic.

Assessment of Decisional Capacity

Decisional capacity refers to the patients’ ability to understand 
the consequences of the decision they are making, to make 
that decision, and to communicate the reasons for the deci-
sion. Understanding the consequences of the decision includes 
both the ability to understand the relevant information and to 
appreciate the situation and the impact of the decision [17, 18] 
(Table  14.4). Decisional capacity is decision specific, i.e., 
there are different standards of decisional ability needed to 
make different types of decisions (e.g., medical or financial) 
as well as different levels of complexity involved in the deci-
sion (e.g., simple procedure versus a complex procedure).

The ability to understand may be impaired because of 
temporary conditions such as delirium, transient coma, 
intoxication, or depression; or it may be permanently 
impaired by cognitive damage or psychiatric illness. 
Whatever the cause of the impairment, the key to the deter-
mination of capacity is the patient’s ability to comprehend 
the advantages and disadvantages of treatment options and to 
make a decision. Whether we believe that the patient’s deci-
sion is rational is not a determinant of capacity. Our society 
allows people to make what most would label as “irrational” 
decisions but, as part of our respect for autonomy, we cannot 
force what we would see as the right decision on others [19]. 
For example, we cannot prohibit alcoholics from drinking, 
even when it has been shown to impair their health or shorten 
their longevity. Patients’ religious or ethnic beliefs may 
conflict strongly with our own beliefs, but they have the right 
to refuse any treatment option they believe is in conflict with 
their beliefs.
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Table 14.4  Legally relevant criteria for decision-making capacity and approaches to assessment of the patient

Criterion Patient’s task
Physician’s assess-
ment approach

Questions for clinical 
assessment* Comments

Communicate a 
choice

Clearly indicate 
preferred treatment 
option

Ask patient to 
indicate a 
treatment choice

Have you decided whether 
to follow your doctor’s 
[or my] recommenda-
tion for treatment?

Frequent reversals of choice because of 
psychiatric or neurologic conditions 
may indicate lack of capacity

Can you tell me what that 
decision is?

[If no decision] What is 
making it hard for you 
to decide?

Understand the 
relevant 
information

Grasp the fundamental 
meaning of 
information 
communicated by 
physician

Encourage patient to 
paraphrase 
disclosed 
information 
regarding medical 
condition and 
treatment

Please tell me in your own 
words what your doctor 
[or I] told you about:

Information to be understood includes 
nature of patient’s condition, nature 
and purpose of proposed treatment, 
possible benefits and risks of that 
treatment, and alternative approaches 
(including no treatment) and their 
benefits and risks

The problem with your 
health now

The recommended 
treatment

The possible benefits and 
risks (or discomforts) of 
the treatment

Any alternative treatments 
and their risks and 
benefits

The risks and benefits of no 
treatment

Appreciate the 
situation and its 
consequences

Acknowledge medical 
condition and likely 
consequences of 
treatment options

Ask patient to 
describe the views 
of medical 
condition, 
proposed 
treatment, and 
likely outcomes

What do you believe is 
wrong with your health 
now?

Courts have recognized that patients who 
do not acknowledge their illnesses 
(often referred to as “lack of insight”) 
cannot make valid decisions about 
treatment

Do you believe that you 
need some kind of 
treatment?

Delusions or pathologic levels of 
distortion or denial are the most 
common causes of impairment

What is the treatment likely 
to do for you?

What makes you believe it 
will have that effect?

What do you believe will 
happen if you are not 
treated?

Why do you think your 
doctor has [or I have] 
recommended this 
treatment?

Reason about 
treatment options

Engage in a rational 
process of 
manipulating the 
relevant information

Ask patient to 
compare treatment 
options and 
consequences and 
to offer reasons 
for selection of 
option

How did you decide to 
accept or reject the 
recommended 
treatment?

This criterion focuses on the process by 
which a decision is reached, not the 
outcome of the patient’s choice, since 
patients have the right to make 
“unreasonable” choicesWhat makes [chosen 

option] better than 
[alternative option]?

Source: Appelbaum [18] Copyright © 2007 Massachusetts Medical Society. All rights reserved

*Patients’ responses to these questions need not be verbal

On the other hand, understanding the patient’s goals and 
preferences, their priorities as they age, is of fundamental impor-
tance to helping the physician to be comfortable and understand 
the decisions a patient may make as well as giving them the 

appropriate options from which to choose. Respect for each 
individual’s unique point of view, needs, and desires is funda-
mental not just for respecting their autonomy, but for truly doing 
no harm with and maximizing the benefit of interventions.
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Every physician obtaining informed consent should be able 
to do a basic assessment of decisional capacity. The physician 
should be able to diagnose delirium and, if needed, assess basic 
cognitive function. Tools focused on parietal lobe function, as 
do many of the commonly used cognitive mental status tests, 
are relatively poor predictors of the ability to make decisions, 
per se, but instruments that have a larger emphasis on frontal 
lobe or executive function, such as the clock drawing and other 
executive function examinations, may be more useful. What is 
most important is the physician’s thoughtful discussion with 
the patient and the real-time assessment of the patients’ under-
standing of the consequences of the decision they are making. 
Since the standard for decisional capacity is situation specific, 
it is important that one is able to assess their ability to under-
stand the level of information needed for the decision at hand.

There are many other decisions that a patient may need to 
make other than informed consent where their capacity will 
need to be assessed and differing standards met. For exam-
ple, a very high standard for decisional capacity must be met 
for a patient to agree to participate in a research study [20, 
21], whereas a very low standard is applied to their ability to 
make a last will and testament. Of particular concern to the 
clinician is deciding whether patients retain the ability to 
decide on care options and whether they can return home or 
need a more intense environment in order to remain safe 
[22, 23] (Table 14.5) [24].

If the physician is unsure of a patient’s capacity, a psychi-
atric consultation may be requested if the question arises 
from a psychiatric illness; or a neuropsychologist or geriatri-
cian may be consulted about cognitive or functional prob-
lems. The patient’s decisional capacity at the time of any 
decision, whether they decide to accept treatment or to 
decline treatment, should be recorded in the medical record.

Competence is a term that has legal implications beyond 
what a physician judges on examination. Physicians should 
avoid using this term unless a court has ruled on the patient’s 
competence. The court recognizes two major categories of 
competence; competence for financial decisions and compe-
tence to make decisions of person. Only if the court has ruled 
the individual to be incompetent of person should the indi-
vidual be assumed to lack decisional capacity for medical 
decisions.

Decision-Making for Incapacitated  
Patients (Table 14.6)

If a patient is found to lack the capacity to make an informed 
decision, a surrogate decision maker must be identified. The 
principle of autonomy guides us to seek a surrogate who is 
the person most capable of representing the patient’s wishes. 
If the patient has completed an Advance Directive that names 
a proxy decision maker, this is the person to whom questions 
should be deferred if the patient has lost decisional capacity. 
This designee may be variously referred to as the Durable 
Power of Attorney for Health Affairs or the Health Care 
Proxy, Surrogate, or Agent. It needs to be emphasized that 
this person can only make decisions for the patient if the 
patient no longer has decisional capacity. A patient may also 
choose a person in a less formal manner, and documentation 
of such a choice should help to guide the decision. A person 
who holds Power of Attorney for Finances does not, simply 
by having this limited power of attorney, have the ability to 
make other decisions for the person.

If the patient’s choice of surrogate is not known, usually 
the next-of-kin is utilized. The hierarchy of authority is 

Table 14.5  Levels of decisional capacity

Medical decisions

Ability to understand relevant information
Ability to understand the consequences of the decision
Ability to communicate a decision

Research subject

Ability to understand the probability of a lack of benefit
Appreciation of risks and the uncertainty of the risks
Appreciate their right to withdraw from the study

Decisions of self-care

Ability to care for oneself or
Ability to accept the needed help to keep oneself safe

Finances

Ability to manage bill payment
Ability to appropriately calculate and monitor funds

Last will and testament

Ability to remember estate plans
Ability to express logic behind choices
Source: Modified from [24]

Table 14.6  Hierarchy of decision-making

Patient’s current wishes

If the patient has decisional capacity, this ALWAYS takes precedence

Substituted judgment

Done by the surrogate decision maker only when the patient is not 
fully capable of making the decision

Based on the patient’s prior values and wishes
Advance directive is used as a guide
Patient input is used when possible even if the patient is not fully 

capable of making the decision

Beneficence

Done by the surrogate decision maker when the patient lacks 
decisional capacity and evidence does not exist for substituted 
judgment

Weighing of benefits and burdens as based on the patient’s present 
indications of pleasures and burdens

Input from caregivers is very important
Source: Modified from [24]
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spouse, adult children, parents, siblings, nieces, or nephews. 
Adult friends may sometimes be able to act as surrogate if 
the relationship with the patient is such that they can act on 
his or her behalf. If it is thought that the person identified by 
this procedure cannot, in fact, act as an appropriate surro-
gate, if there is conflict about identifying a decision maker, if 
there is a lack of consensus among individuals, or if there is 
no one to take on this role, the court may need to decide who 
will act for the patient. In emergent situations, where the 
decision-making process is unclear, physicians should apply 
the “best interest rule” and proceed with any interventions 
necessary to save the patient’s life or preserve function until 
the situation is clarified. Each institution may have different 
procedures for obtaining such permission to act, such as an 
agreement to act by the Chief of Staff. If there is time, emer-
gency conservatorship from a court can be sought. As the 
situation and the patient’s wishes become clear, and an inter-
vention that had been started as an emergency procedure is 
found to be against the patient’s wishes, then the intervention 
must be discontinued.

The task of making the decision for the incapacitated 
patient should honor the patient’s autonomy by maximizing 
the individual’s continued influence on the ultimate decision. 
If a patient gave explicit directives that apply to the situation 
at hand at a time when he or she was capable of decision-
making, they must be followed. For example, if a patient with 
a terminal illness requests that no further interventions be 
done, including artificial food and hydration, a family member 
cannot reverse this directive once the patient is in a coma.

If patients have not been explicit about their wishes, the 
surrogate decision maker and the physician are then obliged 
to apply substituted judgment. This term is defined as “the 
application of the patient’s preferences and values … trying 
to choose as the patient would have wanted” [25]. In studies 
comparing hypothetical decisions made by would-be surro-
gates and patients with decisional capacity, there is a 66% 
correlation. Previous discussions between the patient and the 
surrogate help to make these decisions much more represen-
tative of the patient’s wishes [26]. Helping a family to under-
stand that their obligation is to do what their relative would 
have wanted often relieves them of some of the burden of 
decision-making and helps clarify their thinking. Living 
Wills may be useful in this context. Living Wills may be for-
mal documents executed by a lawyer, but they may also be 
readily available forms completed by the patient with or 
without assistance or simply a written statement or narrative. 
If patients are still capable of making decisions, all treat-
ments must still be discussed with them even if they have a 
Living Will.

The Living Will is a “what if” statement – a hypothetical 
situation. The patient is saying, “If one of these conditions 
occurs to me (e.g., permanent coma), then do not attempt 
resuscitation.” It does not necessarily mean that the patient 

does not desire this intervention in their present state of 
health. For example, a patient who is fully capable of making 
decisions has a Living Will that states that he or she would 
decline resuscitation if in a vegetative state. If this patient 
was to have a cardiac arrest in their present state, resuscita-
tion should be attempted. If after the resuscitation the patient 
is found to be vegetative, the Living Will would take effect 
and no further resuscitation attempts should be made were 
the patient to arrest again.

Frequently, the exact circumstances outlined in a Living 
Will are not met, but it can still give a good indication of the 
patient’s preferences and values, which then can be applied 
to the current situation [27]. Living Wills cannot cover all 
circumstances that may arise, and most patients wish to have 
a proxy decision maker to interpret their intent. State laws 
vary as to whether the Living Will or the proxy decision 
maker takes precedence when there is a conflict with the 
decisions. Encouraging the family to remember other health 
care decisions or comments the patient made when other 
family members were ill is also helpful in trying to define 
what someone “would have said.”

If there is no information that helps the surrogate decision 
maker to reconstruct what the patient would have said, the 
guiding principle becomes that of beneficence, defined as 
weighing the benefits, risks, and burdens of an intervention 
in the context of the individual. With beneficence, although a 
patient may no longer be fully capable of making a decision, 
their voice can still be an important one. Their stated prefer-
ences and fears can be used to guide the decision about rela-
tive benefits and burdens [28]. This can be true for even 
markedly demented patients.

For example, the relative burden of an intervention in two 
patients, equally cognitively impaired, can be quite different. 
One patient may not become agitated when an intravenous 
line is started, and intravenous treatment would not be a great 
burden. Another patient may fight such an intervention, repeat-
edly pulling out the intravenous catheter and needing restraints. 
Although the second patient is not making an informed deci-
sion to forego intravenous therapy, the relative burden of the 
intervention is greater in this patient and therefore the relative 
benefit would need to be greater than other less noxious alter-
natives for the burden/benefit ratio to be the same.

There can, at times, be conflicting interests in adhering to 
this hierarchy as circumstances change and the patient’s con-
dition alters what is a burden and what is a benefit. Surrogate 
decision-making often uses a combination of substituted 
judgment and beneficence to arrive at a treatment decision 
[29]. What is most important is that these discussions occur 
as they can have major impact both on patients’ quality of 
life and on the bereavement adjustment of the relatives [30].

As previously stated, decisional capacity is decision 
specific and capacity is often not black or white. Utilizing 
an  Assent/Consent modal is commonly being accepted. 
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This allows for different levels of patient involvement in the 
decision-making process. If the patient seems to be capable 
of making the decision but, due to memory problems or wax-
ing and waning mental status, there is some question as to 
their ability to retain information, the family may be asked 
for their “assent,” i.e., they agree that it is what the patient 
wants. If the patient cannot make the decision, the family 
may give the formal consent but the patient may need to 
“assent” in order to carry out the procedure. For example, a 
family may consent to chemotherapy but the patient must be 
willing to cooperate. The consent/assent modal balances the 
prior statements of the patient (future-looking autonomy) 
with beneficence for the person they are at this moment in 
time [31].

DNR Orders in the Operating Room

A patient’s previously stated wish to forego intubation or 
attempts to resuscitate may be suspended at the time a patient 
undergoes surgery. Elective intubation in order to perform sur-
gery or a cardiac arrest that occurs under general anesthesia 
where an immediate response is possible and where the cause 
may be readily reversible is different from a cardiopulmonary 
arrest under other circumstances. It may therefore be perfectly 
compatible with a patient’s goals to have these procedures 
done in the operating room but not want them initiated in other 
circumstances. Indeed, intubation may be necessary if a pro-
cedure which the person does desire is to occur.

If a decision is made to reverse a do-not-resuscitate or do-
not-intubate order during surgery, there must be a clear 
understanding prior to surgery of how postoperative events 
should be handled in case the patient is not then capable of 
making decisions. How long should an intubation continue if 
the patient is not quickly able to be extubated? If the patient 
does arrest and is resuscitated but has lost decisional capac-
ity, what other treatment modalities would be an unwanted 
burden? Discussions with the patient, surgeon, anesthesiolo-
gist, and primary care physician can help safeguard against 
confusing and distressful situations [32].

Confidentiality

The Health Insurance Portability and Accountability Act 
(HIPAA) of 1996 has greatly enhanced the confidentiality of 
written records and communications [33]. It has also 
impacted verbal communication, but not to the same extent.

Sharing information with patients’ relatives or friends is 
appropriate in only two circumstances: when patients have 
specifically stated that the physician may discuss their 

condition with the individual or when the patient has lost 
decisional capacity and a surrogate decision must be made. It 
is advisable to ask patients well in advance who they wish to 
have informed and how much they wish to have told.

The sharing of information among colleagues should be 
done in private and with respect for the patient’s right to con-
fidentiality. Casual conversations in public places, rounds in 
the hallways, and discussions in lobbies or waiting rooms 
with multiple families present can be a breach of a patient’s 
right to privacy. Our sensitivity to this issue must be height-
ened, and the policing of each other should become every-
one’s responsibility.

Sharing medical information among health care providers 
without the patient’s explicit authorization, if the clinical cir-
cumstances so require, is permitted. The use of clinical mate-
rial for teaching purposes can be done only with sufficient 
safeguards to anonymity so the individuals involved are not 
identifiable. Other information can be released only with the 
patient’s or surrogate’s authorization unless it is required by 
law, as in the case of public health reporting of communica-
ble and sexually transmitted diseases.

Limits to Autonomy and Choice (Futility)

The previous sections have dealt heavily with the respect for 
and safeguards of the patient’s right to exercise autonomy. 
There are circumstances where this autonomy is tempered by 
other forces. Autonomy may be limited if the patient is a 
danger to others, a danger to self, or for the good of society. 
Laws may govern what procedures or interventions may be 
available to an individual. For instance, physician-assisted 
suicide is explicitly illegal in most states in the USA.

Although the US Supreme Court has affirmed an individ-
ual’s right to refuse treatment, there is no corollary right to 
demand treatment [34]. In addition to the healthcare profes-
sionals’ responsibility to understand the patient’s goals of 
treatment and respect patient’s own assessment of their qual-
ity of life, they also have the responsibility of knowing if an 
intervention is futile and not offering such treatments to the 
patient.

There are two perspectives on the definition of futility; 
referred to as quantitative and qualitative. An intervention is 
said to be quantitatively futile if it cannot achieve its physi-
ologic objective. Because it is difficult to know what level of 
evidence is needed for what cut-off to call something physi-
ologically futile, this concept has limited utility. A therapy is 
said to be qualitatively futile if it is unlikely to help patients 
achieve their primary goal even if it has a physiologic effect 
[35, 36]. An example is the foregoing of antibiotic therapy in 
a patient who is in the terminal phase of an illness. Although 
the antibiotics might have the physiologic effect of treating 
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the infection, it would have no effect on comfort and a 
negative effect if it prolongs the patient’s suffering. This 
concept, of futility in the light of the treatment goals, is para-
mount to the appropriate treatment of the geriatric patient.

If a procedure is judged futile, the physician does not 
have to offer the intervention to the patient or the surrogate. 
The very act of offering conveys the sense that there must be 
some benefit, some chance of success. Why else would it 
be offered? Therapies the patient and family might expect to 
have performed but that have become futile, such as an 
attempt to resuscitate a patient when circumstances clearly 
demonstrate that it would be futile, should be discussed in 
the context of their futility. For example, the patient or fam-
ily should be told that where the patient’s heart to stop, 
attempts to restart it would be futile and therefore would not 
be initiated. Simply ignoring the subject may engender mis-
trust, as most individuals are aware of the spectrum of treat-
ments available. One in 20 patients who die in the ICU do 
not have a surrogate decision maker. The majority of the time 
physicians decide to cease life-sustaining interventions on 
the basis of their futility [37].

Defining a therapy as futile is simple under some circum-
stances and more difficult under others. The decision that 
someone is “not a surgical candidate” is frequently made 
when the relative risks and benefits clearly demonstrate that 
the treatment is not indicated. The decision to stop a therapy 
may also be made on the grounds of professional judgment. 
For example, if a tumor is not responding to chemotherapy, 
it can be unilaterally stopped by the clinician. The difficulty 
lies more in defining which therapies near the end of life still 
hold enough of an advantage for the patient that they should 
be offered.

Prognostication

In order for patients to be able to set goals, they need to be 
able to understand their prognosis and how interventions 
may or may not change that prognosis. Unfortunately, we 
are not very accurate in being able to prognosticate. Being 
able to predict short-term mortality in the acute care and 
intensive care unit setting has been explored through the 
SUPPORT Study [38] and through the use of the APACHE 
III instrument [39]. These instruments use a combination of 
diagnosis, cause of illness, and a scale for physiologic 
parameters to predict mortality risk, but the ability to apply 
them clinically remains a challenge [40]. The patients’ 
physical and cognitive function prior to their hospitaliza-
tion is the strongest predictors of outcome after an inter-
vention [41].

Such legislative acts as the Medicare Hospice Benefits, 
and the Oregon Death with Dignity Act define the terminal 

phases of disease as the last 6 months of life. Our ability to 
accurately prognosticate this length of time is relatively poor, 
with only one-third of predictions being within 50% confi-
dence intervals (i.e., if prognosis is 3  months, “accurate” 
would be from 1.5 to 6 months). Most physician prognoses 
are too optimistic [42].

Individuals in their eighth and ninth decades may define 
their goals similarly to patients with terminal diagnoses. 
Quality of life and relief from the burdens of illness and 
interventions may be more important than longevity per se. 
On the other hand, it should not be assumed that this is true 
for all individuals of advanced age. Although some elderly 
patients may look forward to more years of life, they may not 
wish to do so under any or all circumstances. In surveys of 
patients with and without terminal illnesses about why they 
might be motivated to avail themselves of physician-assisted 
suicide, fear of disability and dependence are the two most 
common motivators for wishing to end one’s life. Predicting 
the risk or progression of disability is even more difficult 
than predicting death [43].

Decisions Near the End of Life

As has been emphasized in previous sections of this chapter, 
goal-oriented care is of the utmost importance to all geriatric 
care, but it is the sine quo non of end of life care. When a 
patient has a terminal illness or is faced with chronic, dis-
abling, and progressive disease, decision-making must 
become very goal-focused. We have already discussed fore-
going and discontinuing interventions when they no longer 
meet the goals of care. Treatment of suffering, physical, 
mental emotional or spiritual may lead to actions where the 
physician is seen as hastening death, either inadvertently or 
deliberately.

The potential for hastening the death of a patient is highest 
where there is a narrow therapeutic window between the dose 
of medication needed to control a symptom and the dose that 
could cause suppression of respiratory drive. The underlying 
ethical principle of “double effect” rests on the physician’s 
intention and an acknowledgement that treatment may have 
two effects: one on symptoms and one on longevity. This is 
an acceptable risk to take if the physician and patient or 
surrogate have agreed that comfort is more important than 
longevity and the medica-tion or treatment is given with the 
intention of relieving symptoms.

At some point in the patient’s clinical course, interven-
tions that we normally think of as prolonging life may have 
shifted to prolonging death. An example of this may be anti-
biotics for pneumonia. The symptoms of pneumonia can be 
treated (e.g., with scopolamine to control secretions and 
morphine for dyspnea) without treating the underlying 
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pathophysiology of the pneumonia. Since every patient will, 
eventually, die of something, there comes a time when it 
makes sense to allow the clinical course to determine the 
mode of death. Aggressively treating the symptoms is often 
preferable to a prolonged dying process with the occurrence 
of increasingly hard-to-control symptoms.

Physician-assisted suicide and euthanasia (physician-
assisted death) are instances when a therapy is prescribed, 
provided, or administered with the intention of ending that 
patient’s life. The acceptability of such actions from both a 
moral and a practical point of view is under wide debate 
within the profession and in society in general. Those who 
argue for the practice of physician-assisted death point out 
that there are some symptoms that cannot be alleviated short 
of death (e.g., the discomfort and indignity of destructive 
head and neck cancer), and individuals should have the right 
to determine the time and mode of their death. Arguments 
against physicians assisting in suicide point out that the med-
ical profession’s obligation is to “care and to cure” and not to 
end life [44]. The four principles of autonomy, nonmalefi-
cence, beneficence, and justice are active parts of this debate. 
Some argue that out of respect for autonomy, individuals 
should be allowed to determine the time and mode of their 
death, especially if it is within the last 6 months of their “nat-
ural” lives. Others argue that if there is unbearable suffering 
that cannot be relieved by other means, then the principle of 
beneficence tells us that they should be allowed to end their 
lives. Many feel that physicians prescribing or acting with 
the intent of ending a patient’s life would be professionally 
wrong because it would mean intentionally doing harm to 
the patient (nonmaleficence). Finally, many fear that the 
practice will be a “slippery slope” leading to the premature 
death of certain segments of society such as the elderly and 
the disabled. As of now, physician-assisted dying is legal in 
two states in the USA (Oregon and Washington) and many 
countries in Europe. Although the debate remains open, the 
fear of abuse has not proven to be a reality in any locale 
where it is legal, where it has remained a small minority of 
patients (less than 5% of deaths) who decide to actively end 
their lives.

Conclusion

As an individual ages and the accumulation of both life expe-
rience and illness burden increase, decisions need to be made 
on the basis of the individual’s goals and preferences. Patients 
need to be informed of their situation, their prognosis and 
their options as best we can define them. They have a right to 
decide their course of action within choices that are not futile 
and they have a right to influence decisions made for them if 
they have become incapacitated. Weighing autonomy and 

beneficence is often hard for the patient who has lost the 
ability to make decisions. Finding appropriate surrogate 
decision makers and helping them to understand their role is 
paramount to this process.
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Introduction

The 1970s is considered by many as the rise of geriatrics as 
a specialty – what Solomon refers to as the beginning of the 
“geriatrics renaissance.” [1] At that time, a few individuals 
recognized the need for improved care of the elderly and the 
opportunity for a specialty to encompass its principles. Over 
time, geriatrics has grown into a recognized branch of medi-
cine that has its own society, multiple journals, thousands of 
fellows, and hundreds of teaching attendings. Now, the ide-
als that led to this renaissance are spreading into the surgical 
and medical subspecialties. However, this growth is meeting 
with some resistance. Many surgeons have the attitude of “I 
already know how to take care of older patients – that’s half 
of my practice.” And, many do take care of the aged patient 
well. However, improvement in the care of the elderly can be 
realized through utilization of the available resources dis-
cussed in this chapter.

Like the pediatric patient, the geriatric patient is unique. 
The development of a curriculum addressing the periopera-
tive care of the elderly surgical patient needs to embrace the 
fact that the normal end points of therapy should be adjusted 
to a population that is nearing the end of life. These patients 
respond differently and unpredictably to interventions that 
have been tested primarily on younger patients.

With the work hour restrictions firmly in place and poten-
tially subject to further limitations, one of the challenges fac-
ing surgical residency program directors is how to incorporate 
all that has been the traditional purview of the general sur-
geon. The addition of new information, including the prin-
ciples of geriatric care for the surgical patient, complicates 
the issue. Fortunately, many tools already exist. The John A. 
Hartford Foundation, the Donald W. Reynolds Foundation, 
and the American Geriatrics Society in particular have 

invested time and money for the development of programs to 
increase the exposure of surgical residents to geriatric 
issues.

The goal of this chapter is to serve as a reference for pro-
gram directors and academicians as they begin modifying 
their own curriculum by integrating geriatric issues. What 
follows is a summary of the available resources and content 
that may be helpful for teaching geriatrics to surgeons.

Assessment of Need

“What makes me mad is how aging, in our language and 
culture, is equated with deterioration and impairment. I don’t 
know how we’re going to root that out, except by making 
people more aware of it.” – Dr. Erdman Palmore from an 
interview with the Detroit News, September 5, 2004.

Though the assertion may be made that every surgical 
resident needs more exposure to geriatrics issues, determin-
ing what barriers exist, particularly in the form of subtle, and 
sometimes not so subtle, “ageism,” is essential when target-
ing learners for a change in curriculum. Assessing the atti-
tudes of the individual residents will help program directors 
delineate existing barriers to learning about geriatric issues 
and to maximize the benefit gained from changes to their 
curriculum.

Palmore’s publication “The Facts on Aging Quiz” in 1977 
is considered by many the landmark effort to address the 
issue of attitudes towards aging. His survey has been modi-
fied by many authors, and additional attitude assessment 
tools have been developed. Although these have been tested 
mostly on primary-care residents, they are applicable to resi-
dents in the surgical and medical subspecialties.

Palmore’s survey has been updated, most recently by 
Breytspraak et  al., of the University of Missouri-Kansas 
City, and can be found at the web site http://cas.umkc.edu/
cas/AgingFactsQuiz.htm. Debate continues as to whether 
Palmore’s tool and subsequent iterations are valid for 
research purposes, but the qualification of learner attitude 
should be helpful when developing a curriculum [2]. 
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A  lengthy and more detailed survey was constructed by 
Maxwell and Sullivan in 1980 [3]. Subsets of questions from 
this survey have been abstracted, decreasing the length of 
the survey but hopefully maintaining the accuracy of the 
responses to quantify an individual’s attitude regarding the 
elderly.

Another commonly used and validated assessment tool 
for determining the attitude of a resident towards geriatric 
issues is the UCLA Geriatrics Attitude Scale (GAS) [4]. Like 
the Maxwell and Sullivan survey, the GAS uses the Likert 
scale but consists only of 14 questions. Initially published in 
1998, Dr. Reuben and colleagues have evaluated this device 
for validity and reproducibility, publishing their results in 
2005 [5] (see Table 15.1).

Once the attitude of the residents towards the elderly have 
been established, determining the geriatrics knowledge base 
of the residents can provide a starting point for program direc-
tors when making curriculum changes. In order to better 
gauge what that knowledge base is, the University of Michigan 
has developed a questionnaire consisting of 20 items that 
range from acute abdominal pain to palliative-care options 
and appropriate pain control. This test can be found at http://
www.med.umich.edu/geriatrics/educationalprograms/gme.
htm. Table 15.2 lists the topics covered by this test.

Krain et al. from the University of Michigan utilized the 
UCLA’s Geriatrics Attitude Scale and the University of 
Michigan’s Geriatrics Clinical Decision Making Assessment 
tools to determine the effectiveness of their faculty 

development program [6]. The program was designed to 
increase the knowledge and to improve the attitude of the 
nonprimary-care residents towards the elderly. This was 
accomplished by identifying faculty within the nonprimary-
care departments and giving them resources to incorporate 
geriatric issues into their curriculum. The program demon-
strated an improvement in both knowledge and attitude 
toward the aged.

Establishing the attitude and knowledge of the residents 
prior to initiating any new curricular changes, and then mea-
suring the effects of the interventions, can help guide whether 
the changes were successful or other changes are needed. 
Additionally, these tools can be used in completing research, 
as shown by Krain et al. [6].

Integrating Geriatrics into a General  
Surgery Curriculum

Many difficulties exist to insert geriatrics into an already 
overloaded general surgery curriculum. What is the best 
approach? What is sufficient time and coverage? How do 
you assess the effectiveness of the modality chosen? While 
there are many different approaches and tools such as didac-
tic lectures in multiple formats, small group discussion tools, 
case-based simulation, and others, how best to integrate these 
tools into the tight educational schedule is a challenge.

To try to help surgical and medically related training 
programs (Emergency Medicine, Anesthesia, and Physical 
Medicine and Rehabilitation) meet this challenge, the 

Table 15.1  UCLA Geriatrics Attitude Scale (GAS): answers using the 
Likert scale 1 to 5

  1.	 Most old people are pleasant to be with
  2.	 The federal government should reallocate money from Medicare 

to research on AIDS or pediatric disease
  3.	 If I have the choice, I would rather see younger patients than 

elderly ones
  4.	 It is society’s responsibility to provide care for its elderly persons
  5.	 Medical care for older people uses up too much human and 

material resources
  6.	 As people grow older, they become less organized and more 

confused
  7.	 Elderly patients tend to be more appreciative of the medical care I 

provide than are younger patients
  8.	 Taking a medical history from elderly patients is frequently an 

ordeal
  9.	 I tend to pay more attention to and have more sympathy for my 

elderly patients than my younger patients
10.	 Old people in general do not contribute much to society
11.	 Treatment of chronically ill old patients is hopeless
12.	 Old persons do not contribute their fair share towards paying for 

their health care
13.	 In general, older people act too slow for modern society
14.	 It is interesting listening to old people’s accounts of their past 

experiences
1 = Strongly disagree, 2 = somewhat disagree, 3 = neutral, 4 = somewhat 
agree, 5 = strongly agree

Table  15.2  University of Michigan’s Geriatrics Clinical Decision 
Making Assessment quiz topics

  1.	 Postoperative pain management
  2.	 Constipation
  3.	 Metastatic abdominal pain
  4.	 Analgesia in presence of confusion
  5.	 Assessment of in-hospital mortality
  6.	 Competency and patient wishes
  7.	 Delirium diagnosis
  8.	 Reducing subsequent hospital utilization
  9.	 Causes of incontinence
10.	 Medical management-only requests
11.	 Recognition of depression
12.	 Prevalence of mood disorders
13.	 Elder abuse suspicion
14.	 Postoperative respiratory distress
15.	 Return of ambulatory function predictors
16.	 Evaluation of syncope
17.	 Foot pain following immobility
18.	 Postoperative delirium and agitation
19.	 Medication-induced acute renal insufficiency
20.	 Evaluation of alcohol withdrawal
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American Geriatrics Society in partnership with the John A. 
Hartford Foundation introduced a grant program, titled 
Geriatrics Education for Specialty Residents (GSR). 
Beginning in 2001, as a part of the larger Geriatrics for 
Specialists Initiative, the GSR began funding programs to 
develop educational models to improve the care that residents 
in surgical and medical subspecialties give to elderly patients. 
Every 2 years, a new round of grants was given to these spe-
cialty programs. To find out more about the Geriatrics 
Education for Specialty Residents, such as descriptions of 
projects that have received grants, please go to The American 
Geriatrics Society home page and follow the link to the 
Geriatrics for Specialists section. The web site address is 
http://www.americangeriatrics.org/specialists/gsr/default.asp.

Funding from the GSR has been used by several recipi-
ents to develop projects focusing specifically on how to 
integrate geriatrics into a surgical curriculum. One such 
example comes from Dr. Cox et  al. at East Carolina 
University, which in 2002 used the grant to include geriatric 
issues into the 4th edition of the Surgical Residency 
Curriculum, published by the Association of Program 
Directors in Surgery. The authors provide a “structural basis 
for increasing resident expertise in caring for the special 
needs of elderly patients.” Specific curriculum goals include 
understanding the principles of normal aging, pathophysiol-
ogy in the elderly patient, preoperative assessment, opera-
tive management, and perioperative care of the aged patient, 
long-term recovery and rehab, financial and reimbursement 
issues, and lastly, analyzing outcomes of the geriatric surgi-
cal patient. To achieve these goals, each section of the cur-
riculum has “geriatric objectives” associated with it and is 
clearly delineated in the table of contents where those objec-
tives can be found within that specific section. This curricu-
lum can be found at the web site of the Association of 
Program Directors in Surgery.

The curriculum mentioned above provides an outline of 
specific goals to obtain competence in caring for older 
patients. However, other grant recipients of the GSR have 
developed products to teach the specific geriatric issues. Bell 
et  al. at the University of South Carolina designed “Top 
Blade,” a simulation, case-based project used to cover the 
major geriatric topics at the learner’s own pace. The learner 
is given a scenario and asked to develop an evidence-based 
response to complete the task. The solution to the scenario, 
which is to be written as if it is to be published as a case pre-
sentation, is reviewed by a faculty member with an interest 
in geriatrics who then provides feedback to the resident. 
There are a total of 22 different Top Blade cases to choose 
from. This type of integration takes a fair amount of time 
from one individual faculty member to review the cases but 
can be completed by the residents in between their clinical 
duties and does not use valuable conference or lecture time. 
Each time the project has been completed, feedback has been 

received from the residents that has been, overall, positive. 
To access Top Blade, please go to http://topblade.med.sc.edu 
and request a password to begin.

In another effort, also supported by the AGS and the 
Hartford Foundation, Sharon Levine, MD, at Boston 
University Medical Center, in association with the Association 
of Directors of Geriatric Academic Programs (ADGAP), has 
developed an intensive 2 and a half-day program for chief 
residents of nonprimary-care specialties, known as the CRIT 
(Chief Resident Immersion Training) program. This pro-
gram, which is conducted off campus at an attractive loca-
tion in one weekend, allows specialty chief residents to 
combine some time with family with concentrated interac-
tive learning of geriatric principles with enhancing leader-
ship skills and teaching skills. By the end of the weekend, 
the residents will have designed a simple project to bring 
geriatrics education back into their training programs. 
Information about the CRIT program can be found at http://
www.americangeriatrics.org/adgap/crit/default.asp.

Individual universities have also developed their own pro-
grams to teach geriatric issues. The University of Chicago has 
made available its Curriculum for the Hospitalized Aging 
Medical Patient (CHAMP) program, which is described below. 
Also included is the E-Learning for Licensed Professionals 
from the University of Iowa, the Texas Tech Medcast series, 
and the Elder Care project from the University of Iowa.

Champ

The CHAMP Program (Curriculum for the Hospitalized 
Aging Medical Patient) is a 12-week faculty development 
program aimed primarily at primary-care faculty to help 
teach geriatric issues. However, each module has been sepa-
rated out from the program and is available at http://champ.
bsd.uchicago.edu. The topics covered include Foley catheter 
use, delirium/dementia/depression, drugs and aging, falls, 
wound care, identifying frail elders, nausea, deconditioning, 
palliative care, pain control, advance directives, nursing-
home care, and discharge plans. Also included is a module 
on teaching techniques and a module regarding OSTEs 
(Observed Structured Teaching Exercise). Each module has 
a PowerPoint slide presentation, a bedside teaching triggers 
section, a pocket teaching card (where applicable), refer-
ences, links, and a session evaluation form.

E-Learning for Licensed Professionals

The University of Iowa Geriatric Education Department has 
developed a variety of tools to advance geriatric education. 
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Under the heading of E-learning, five different types of 
products are available. The first is GeriaSims. GeriaSims is 
an interactive case-based tool that has a virtual mentor who 
guides you through the care of a geriatric patient, focusing 
on a specific topic of interest. Topics of interest to surgeons 
include delirium, functional assessment, polypharmacy, and 
palliative care.

The second product is a video streaming lecture series 
with slides that covers a variety of geriatric topics. Pain 
control, delirium, peripheral arterial disease, polyphar
macy, pressure ulcers, and renal failure among many are 
presented here.

The third product consists of didactic modules from 
the Geriatric Consult Service Inpatient Curriculum at the 
University of Iowa. The residents that rotate on this ser-
vice must complete these modules. Nutrition, delirium, 
adverse drug events, and an overview of aging are included 
in this product. Adobe Acrobat Reader is required for 
these modules.

The last two products deal with oral hygiene and train the 
preceptor in functional assessment. By going to the follow-
ing web site, http://www.healthcare.uiowa.edu/igec/index.
html, the user has access to the E-learning products as well 
as other resources. Many of the individual products can also 
be accessed through portals such as POGOe (see below).

Texas Tech Medcast Reynolds Geriatrics Series

This is a series of podcasts that covers subjects from polyp-
harmacy, falls, incontinence, and functional assessment of 
the elderly. They come with a fact sheet as well as the pod-
casts themselves. These can be found at POGOe.

Elder Care

The University of Arizona has a series of articles in a journal 
format that review contents such as delirium/depression/
dementia, urinary incontinence, falls, elder abuse, and health 
literacy. These are succinct and concise explanations of these 
topics. Access to these can be found at POGOe.

These are a few broad examples of how to begin integrat-
ing geriatrics into a surgical curriculum. However, once a 
program director has completed a needs assessment and has 
evaluated what the specific residency program may need, or 
if an academician or resident decides that a certain issue 
needs to be addressed, there exist topic-specific resources. 
The following section describes, in general, where these 
resources can be found, such as POGOe, and then lists spe-
cific products based on the disease process.

Resources

The John A. Hartford Foundation and the American Geriatrics 
Society, along with representatives from ten surgical and 
medical subspecialties, compiled a list of the 17 frequent and 
preventable hazards of the inpatient care of the elderly (see 
Table 15.3) [7]. Educational resources have been developed 
to facilitate the recognition, treatment, and most importantly, 
the prevention of these occurrences. Included in this section 
is a discussion of the broad resources available for improv-
ing geriatric education followed by specific geriatric issues 
and the tools that are available for each one.

General Online Resources

The internet has become an easily accessible repository for 
educational materials. The geriatrics community is amassing 
a set of portals to access these educational tools. The Portal 
of Geriatric Online Education (POGOe), developed by the 
Mount Sinai School of Medicine in partnership with 
Vanderbilt University School of Medicine, is a free resource 
of educational materials that cover the gamut of geriatric 
topics. Many are evidence-based and are relevant to surgical 
and medical specialty patients. Many of the products listed 
below can be found on this site, located at http://www.pogoe.
org/front2. Access to the site requires registration, which is 
easily completed at no cost.

The Consortium of E-Learning in Geriatrics Instruction 
(CELGI) is also a web site devoted to providing access and 
awareness of geriatric educational materials on the internet. 
By going to http://www.celgi.org, the user can read discus-
sions regarding advances made in E-learning and also find 

Table 15.3  Seventeen frequent and preventable hazards

  1.	 Acute renal failure
  2.	 Adverse drug events
  3.	 Inappropriate bladder catheterization
  4.	 Deconditioning and immobility
  5.	 Dehydration
  6.	 Delirium
  7.	 Depression
  8.	 Electrolyte disturbances
  9.	 Falls
10.	 Functional decline
11.	 Incontinence
12.	 Infection
13.	 Malnutrition
14.	 Pressure ulcers
15.	 Stress-induced gastrointestinal ulceration
16.	 Thromboembolism
17.	 Untreated or undertreated pain
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links to other learning resources. CELGI was established 
with the support of the Miami Jewish Home and Hospital for 
the Aged, Florida’s teaching nursing home and is also affili-
ated with the VA Medical Center in Miami. Membership in 
CELGI is free.

GeriatricWeb is a resource for practitioners that have 
access to guidelines for treating many of the geriatric syn-
dromes. Found at http://geriatricweb.sc.edu/, it is a collab-
orative effort between the Division of Geriatrics at Palmetto 
Health Richland Hospital and the University of South 
Carolina School of Medicine and its medical library. It is 
funded by a grant from the National Library of Medicine. 
Its web-based geriatric digital library is broken down into 
eight broad topics (see Table  15.4), and it is free to 
access.

MedEdPortal is a peer-reviewed resource for general 
medical information but includes geriatric topics. It is 
funded by the AAMC and is found at http://www.aamc.org/
mededportal. Several universities have developed their own 
web sites with access to geriatric topics.

Resources by Topic

When making changes to a curriculum, the program direc-
tor may have identified particular areas of need, or an aca-
demician or resident may have a particular interest in a 
certain geriatric topic. Provided below is a list of specific 
geriatric issues and the educational tools that are available 
to learn about them. Each item that follows will contain 
how to find the tool, a description of the type of learning 

method used – lecture vs. standardized patient vs. interactive 
video presentation, etc., the author and institution where the 
product originated, and a brief summary of the product.

Delirium

	1.	 An Unfolding Case of Delirium, Dementia, and 
Depression – University of California at San Francisco; 
Author – Bree Johnston, MD

This is a problem-based learning exercise in a Word docu-
ment to be used in small groups. The case explores the con-
cept of recognizing and managing the cognitive impairment 
in the hospitalized elderly patient and is suitable for learners 
from medical students to faculty. Find this at POGOe.

	2.	 Delirium in the Perioperative Elderly – University of 
Nebraska Medical Center; Author – Ed Vandenberg, MD

The University of Nebraska Medical Center has two case-
based tools that reviews perioperative delirium – diagnosis, 
pathophysiology, risk factors, prevention, and management. 
These are designed for M3 and M4 and PGY-1 learners. Find 
this tool at http://app1.unmc.edu/geriatricsed/delirium, or 
through POGOe – http://www.pogoe.org/productid/18401.

	3.	 Postoperative Delirium in the Elderly Patient – Saint 
Louis University; Author – Miguel Paniagua, MD

This is an interactive video lecture series with exercises 
imbedded in the presentation that expounds on the breadth of 
the topic of delirium in the surgical patient – from preopera-
tive risk factors to diagnosis and management options. This is 
found at POGOe – http://www.pogoe.org/productid/20118.

	4.	 Delirious: You or the Patient? – University of North 
Carolina; Author – Debra Bynum, MD

This is a lecture presented in a PowerPoint format. The lec-
ture has a few slides regarding delirium in the perioperative 
patient but with a primary focus on recognition of patients at 
risk, diagnosis, and management. The lecture can be found at 
POGOe – http://www.pogoe.org/productid/18928.

	5.	 Delirium: An Interactive Learning Experience – Emory 
University; Author – Ugochi Ohuabunwa, MD

This is an interactive case presented in a Word format 
designed to facilitate discussion among small groups. Initially 
developed for medical students but can be applied to resi-
dents as well. This product has been peer-reviewed at 
MedEdPortal and can be accessed through that portal, as 
well as POGOe – http://www.pogoe.org/productid/20184.

Additional materials on delirium can be found at the 
CHAMP program and the E-Learning for Licensed 
Professionals web sites (see above).

Table 15.4  GeriatricWeb topics

1.	 Geriatric syndromes – Dementia, delirium, urinary incontinence, 
osteoporosis, falls/gait disorders, decubitus ulcers, sleep disorders, 
failure to thrive

2.	 Organ specific disease/syndrome – Ear, eye, cardiovascular, 
musculoskeletal, neurological, communicable diseases, respiratory, 
oral, gastrointestinal, endocrinological, sexual dysfunction and 
gynecology, hematology and oncology, kidney/prostate, skin 
diseases

3.	 Geriatric psychiatry – Mood disorders, anxiety disorders, 
personality disorders, substance-related disorders, memory 
disorders (nondementia)

4.	 Patient care – Geriatric assessment, hospitalization, emergency 
medical services, surgical procedures, long-term care, preventive 
health services, rehabilitation, pain management/palliative care

5.	 Aging – Age distribution/demography, basic sciences, 
pharmacology/polypharmacy

6.	 Economics – Organizations/Medicare, health service research
7.	 Medical ethics – Advance directives/decision capacity, artificial 

nutrition/feeding tubes
8.	 Miscellaneous topics – Elder abuse, automobile driving, geriatric 

medical education
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Adverse Drug Events and Polypharmacy

	1.	 Health Promotion for Older Adults: Drug Use and 
Misuse – University of Washington; Author – Shelly Gray, 
PharmD

This is described as a curricular module that is essentially a 
very extensive review of drug use in the elderly, looking at 
the epidemiology of adverse drug events, treatment strate-
gies to prevent these, and a case study and self-study ques-
tions to put into practice the concepts presented. This can be 
found at GeriatricWeb http://geriatricweb.sc.edu/.

	2.	 Management of Polypharmacy in Community Dwelling 
Older Persons – Spital Bern Ziegler, Switzerland; 
Author – Andreas Stuck, MD

Dr. Stuck presents this topic in a PowerPoint presentation 
that is accessible at GeriatricWeb. He discusses definitions, 
risk factors, risk reduction strategies, compliance issues, and 
overall polypharmacy management options. This can be 
found at http://www.healthandage.com.

	3.	 Geriatric Pharmacology – Texas Tech University; 
Author – Kathryn McMahon, PhD

Dr. McMahon provides a case-based exercise for use in small 
groups to evaluate pharmacology issues in the elderly. There 
are three segments to this product – a didactic handout, the 
cases, and then a posttest. This can be found at POGOe – 
http://www.pogoe.org/productid/20116.

	4.	 Pharmacology Exercises For Small Groups of Medical 
Students – University of California San Francisco; 
Author – Bree Johnston, MD

Initially designed for medical students, this device is made 
up of three cases. The second and third cases in particular 
may be of use to surgery residents as they discuss topics 
such as the impact of renal function on drug clearance and 
how to compensate for this as well as prescribing concerns. 
This can be found at POGOe – http://www.pogoe.org/
productid/18817.

Polypharmacy and adverse drug events are topics also 
covered by both the CHAMP program and E-Learning for 
Professionals (see above).

Renal and Prostate Disorders

	1.	 Renal Failure in the Older Adult – University of Iowa; 
Author – Rebecca Hegeman, MD

This is a video streaming lecture that is available from the 
University of Iowa Geriatrics Education web site – http://
www.healthcare.uiowa.edu/igec/index.html, and is one of 

many video lectures available from them regarding geriatric 
issues. This is also available through POGOe – http://www.
pogoe.org/productid/18472. The lecture addresses four 
objectives: To describe how to evaluate a patient’s GFR from 
readily available clinical information, to identify the timing 
of referral to a nephrologist, to understand drug use in chronic 
kidney disease/end-stage renal disease, and to provide pri-
mary care in patients with end-stage renal disease.

	2.	 Renal and Prostate Disease – University of Nebraska; 
Author – William Lyons, MD

Three PowerPoint modules are dedicated to discussing renal 
and prostate disease, with a focus on the association with 
elderly patients. Module #1 deals with chronic kidney dis-
ease, while modules #2 and #3 are concerned with BPH and 
prostate cancer respectively. This is not a peer-reviewed 
resource, but the recommendations are made from evidence-
based sources. It is found on POGOe – http://www.pogoe.
org/productid/18990.

Urinary Incontinence and Inappropriate 
Bladder Catheterization

	1.	 Incontinence and Urinary Catheters for the Inpatient 
Physician – University of Colorado Denver; Author – 
Jeannette Guerrasio, MD

This is a product from Guerrasio et al. that is a “small group, 
preceptor-mediated, PowerPoint-guided workshop,” designed 
to educate participants about the indications and pitfalls of 
catheterization. There are four different sections – one is a 
PowerPoint lecture, with the other three being devoted to 
facilitating the small group discussion on incontinence and 
urinary catheter use. This can be found at POGOe – http://
www.pogoe.org/productid/20296.

	2.	 Urinary Incontinence in Older Adults for Practicing 
Physicians – University of Cincinnati; Author – Gregg 
Warshaw, MD

There are six segments to this tool, including a PowerPoint 
didactic lecture, a patient handout, references, and a facilita-
tors guide. This can be found on POGOe.org – http://www.
pogoe.org/productid/19042.

Electrolyte Disturbances

	1.	 Evaluation and Management of Hyponatremia in the 
Elderly – The University of North Carolina; Author – 
Debra Bynum, MD
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Dr. Bynum has tackled the topic of hyponatremia in the 
elderly through the use of a case-based PowerPoint presenta-
tion. The recognition, management, and understanding of the 
etiologies of hyponatremia is the focus of this tool. Find this 
on the Web at http://www.med.unc.edu/aging/documents/
gercurhyponatremia_000.ppt, or through POGOe – http://
www.pogoe.org/productid/18931.

Falls

	1.	 Falls – Mount Sinai School of Medicine; Author – 
Christine Chang, MD

From Mount Sinai School of Medicine comes a teaching tool 
that has five different components. First is the case of a 
70-year-old female presenting in the outpatient setting with 
arm pain after a fall. To better use this case, a faculty guide 
explanation is included. Also included is a PowerPoint 
lecture discussing falls, as well as a resource for other 
information regarding falls and a comprehensive handout. 
This can be found at POGOe – http://www.pogoe.org/
productid/20200.

	2.	 Falls and Gait Assessment: A Must for the Aging 
Population – Ohio State University; Author – Bonnie 
Kantor, Sc.D

Instead of using a virtual patient or a fictional case patient, 
this product utilizes a “senior partner,” a patient desig-
nated to the learner for which the learner has a list of 
assignments to accomplish. The learner is required to then 
go through their findings with the senior partner. The 
assignments cover the basics of falls and gait assess-
ments,  the significance of the findings, management, and 
prevention options. The concept is to learn about the 
concept of falls in the context of real-time patient care. 
This can be found at POGOe – http://www.pogoe.org/
productid/18832.

	3.	 Falls and Mobility Problems in Older Adults – 
University of Kansas Medical Center; Author – Shelley 
B. Bhattacharya, DO

Dr. Bhattacharya has developed a PowerPoint lecture that 
evaluates falls by looking at the 12 ACOVE (Assessing Care 
of Vulnerable Elderly) indicators. This is the one of the few 
presentations that uses the ACOVE indicators as the primary 
teaching tool. Also included is a brief discussion of the epi-
demiology of falls. Find this at POGOe – http://www.pogoe.
org/productid/20273.

	4.	 Falls for the Inpatient Physician: Translating Knowledge 
Into Action – University of Colorado; Author – Ethan 
Cumbler, MD

This is a PowerPoint module that is unique in that it discusses 
falls primarily in the elderly inpatient. Dr. Cumbler also 
briefly discusses the barriers to treating complex geriatric 
syndromes like falls, referencing the concepts of “multiple 
alternative bias” and “possibility paralysis,” He includes a 
facilitator’s manual in a Word document that gives sugges-
tions as to how to lead group discussions with the use of the 
PowerPoint presentation. This can be found on POGOe – 
http://www.pogoe.org/productid/20212.

Both the CHAMP program and the E-Learning for 
Licensed Professionals have modules regarding falls in the 
elderly (see above).

Functional Decline

	1.	 Functional Assessment in the Older Adult – University of 
Cincinnati College of Medicine; Author – E. Gordon 
Margolin, MD

Included is a case, a detailed discussion of the functional 
assessment of older patients, including definitions for 
ADLs  and IADLs, and a document that explains the 
rehab  services available at the University of Cincinnati. 
After the student has learned about the functional assess-
ment, he or she is videotaped interviewing a standardized 
patient and her daughter, then critiqued by a geriatrician. 
This can be found at POGOe – http://www.pogoe.org/
productid/18715.

	2.	 Functional Assessment WebCt Module for Medical 
Students – University of New Mexico; Author – Carla 
Herman, MD

This is a module in PDF format for the third year medical 
students at the University of New Mexico that defines the 
functional assessment. Included is a thorough explanation of 
all aspects of the function assessment, from ADLs to recog-
nizing cognitive dysfunction, and how to use the assessment 
tools, such as the clock drawing task. This can be found on 
POGOe – http://www.pogoe.org/productid/18486.

Malnutrition

	1.	 Involuntary Weight Loss in the Elderly – Mount Sinai 
School of Medicine; Author – Beatriz Korc, MD

This is a PowerPoint lecture that discusses the significance 
of malnutrition for the aged patient. The etiology, manage-
ment options, and overall importance are expounded upon. 
This can be found at POGOe – http://www.pogoe.org/
productid/20367.
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Pressure Ulcers

	1.	 Pressure Ulcers – University of Kansas; Author – Shelley 
Bhattacharya, DO

Using the ACOVE-3 guidelines, Dr. Bhattacharya has devel-
oped a PowerPoint presentation focusing on risk factors, pre-
vention, and treatment strategies. This can be found at 
POGOe – http://www.pogoe.org/productid/20274.

Preoperative Evaluation of the Elderly Patient

	1.	 Geriatric Anesthesia Modules for Perioperative 
Evaluation and Management – University of Nebraska 
Medical Center; Author – Ed Vandenberg, MD

The University of Nebraska has provided five modules that 
look at a variety of different aspects of the perioperative 
evaluation of a geriatric patient, ranging from cardiac evalu-
ation to assessing for delirium risk factors. These can be 
found at the web site through POGOe – http://www.pogoe.
org/productid/18967.

	2.	 Five Practical Tips for the Older Surgical Patient: From 
a Geriatrician’s Perspective – University of South 
Carolina School of Medicine; Author – G. Paul 
Eleazer, MD

Dr. Eleazer has developed a PowerPoint lecture designed to 
give tips to physicians taking care of the older surgical 
patient. He describes the change in the physiology of older 
patients as well as topics such as postoperative delirium, 
polypharmacy, and fluid management. It can be found at 
POGOe – http://www.pogoe.org/productid/18530.

Pain Control

	1.	 Postoperative Pain Management in the Elderly – 
University of Nebraska Medical Center; Author – Ed 
Vandenberg, MD

This is one of several modules from the University of 
Nebraska Medical Center that addresses perioperative issues 
in the geriatric patient. In the same format as the other mod-
ules, this particular module focuses on postoperative pain 
control using a case-based approach. The module is broken 
up into segments. To move onto each segment, the learner 
must answer a question, which is then given an explanation 
for the correct answer. At the end of the case are links to top-
ics related to pain control. Also within the module itself are 
links to related topics. This can be found on POGOe – http://
www.pogoe.org/productid/18774.

Summary

As the patient population ages, patients on surgical services 
will grey and present unique management challenges not com-
monly seen in a younger cohort. Issues for the elderly are 
complex, and the margin for error is small. Educators, surgical 
as well as nonsurgical, have begun to recognize the need to 
construct an infrastructure to insure that the surgeons graduat-
ing from training programs have the knowledge base and 
skills to recognize and manage these problems. Curricula must 
be designed to incorporate the problems associated with senes-
cence, the response of the elderly patient to surgical stress, and 
the special needs of these patients after hospitalization. End-
of-life questions and issues concerning palliative care have 
taken common place in dealing with the elderly surgical 
patient. Education in these areas cannot be left to chance.

Steps have been taken to begin the acquisition of resources 
to assist in this process. While the initial efforts are promising, 
they are far from complete. This chapter has been developed to 
serve as a general guide, not as a detailed road map. By the time 
this textbook has been published, additional resources will be 
available. The links found in this chapter will lead to some of 
the new materials, e.g., POGOe, but others will be available as 
well. The Association of Programs Directors in Surgery and the 
Association for Surgical Education will no doubt continue to 
develop resources for the education of tomorrow’s surgeon that 
will include geriatric-specific topics. It is hoped that surgical 
educators will recognize the importance of specific educational 
curricula for surgical trainees that address the unique needs of 
an older population, introduce these objectives into their train-
ing programs, and develop new programs and ideas that can be 
shared with the entire surgical community.
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Chapter 16
Palliative Care and Decision Making at the End of Life

Melissa F. Perkal 

Case Study

Mr. O is an 82-year-old man living independently with his 
wife of 57 years. He presented to the surgery clinic with 
2–3 months of left lower quadrant pain radiating to his groin, 
a mild increase in abdominal girth, and a small nontender 
umbilical hernia. Computerized tomography revealed a 
24 × 17 × 7 cm retroperitoneal mass consistent with a lipos-
arcoma, a moderate left-sided pleural effusion and atelecta-
sis of left lower lobe. He described his bowel movements as 
normal and his pain was well-controlled with Tylenol. He 
had some early satiety, mild shortness of breath but was 
ambulating comfortably for 1–2 blocks with a walker. After 
a long discussion regarding the risks and benefits of surgery, 
he wished to proceed. His wife was identified as the surro-
gate decision maker.

His son had died many years prior and he felt that the 
son had suffered pain and indignity. At that time, Mr. O 
was the decision maker to decide to withdraw care (he 
states he had to “pull the plug”) and he did not want to 
place his family in the same position. Therefore, he was 
given the opportunity to meet with the palliative care 
team preoperatively with his daughter-in-law and wife. 
He was adamant that if his surgery did not go well that 
he would opt for a transition to palliative care.

The patient underwent an 8 hr en-block resection of 
the tumor with positive margins and placement of a left 
chest tube. Postoperatively he remained intubated for 
1 day in the surgical intensive care unit. He developed some 

mild delirium which cleared by postoperative day 5. He 
then did well, ambulating, his diet was advanced, and the 
chest tube was removed. Postoperatively he was followed 
by both the geriatrics and palliative care teams. His pain 
was well-controlled with codeine products.

He was working with physical therapy, ambulating, 
tolerating a regular diet, and ready for discharge to short-
term rehab by postoperative day 11. He had lengthy dis-
cussions with his care team, understood his diagnosis, 
and was looking forward to eventually returning home. 
He made sure that everyone knew his long-term wishes.

On postoperative day 12, he developed new shortness 
of breath, increased work of breathing, a pulmonary 
infiltrate, and leukocytosis consistent with pneumonia. 
After discussion with his family and the patient, he was 
intubated for short-term treatment of the acute problem. 
On postoperative day 15, he self-extubated and stated 
that he wanted no further intubation if needed; a DNR/
DNI order was written. He received continued antibiot-
ics, nutritional support, and was transferred to the step-
down unit. Again he developed some mild delirium 
treated with haldol. He again improved and was looking 
forward to discharge to a rehab facility. However, on a 
Sunday, postoperative day 26, he developed the acute 
onset of bradycardia, hypotension, and depressed mental 
status. Family visiting from the West Coast insisted on 
transfer to an increased level of care. The wife and pri-
mary surgeon felt pressured and Mr. O was transferred 
back to the intensive care unit for closer observation and

(continued)
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Palliative Care

Palliative care is the interdisciplinary care focused on improv-
ing the quality of life for patients and families who face life-
threatening illness. It provides pain and symptom relief, 
spiritual and psychological support from diagnosis to the end 
of life, and bereavement [1]. Palliative care is offered simulta-
neously with life-prolonging and curative therapies for per-
sons living with serious, complex, and advanced illness [2]. 
Ideally, palliative care is provided at the same time as curative 
care. As a disease progresses and the goals of care change, the 
proportion of palliative care increases (see Fig. 16.1). Palliative 
medicine treats serious illness regardless of prognosis and 
patients can receive it at any point in their illness, with or with-
out curative treatments [3]. It should provide care for the 
patient over time and not just crisis management at the end of 
life [4]. There is increasing support for the idea that having 
surgeons actively involved in the process provides the most 
effective means of helping surgical patients who need pallia-
tive care [5]. Surgeons bring unique expertise to palliative 
medicine because surgeons have a special relationship with 
their patients; this helps them in providing total care in com-
plex medical circumstances [6]. Providing palliative care has 
become more universally accepted and palliative care pro-
grams are expanding dramatically. According to the Center for 
Advancement of Palliative Care, there has been an almost 50% 
increase in hospital-based palliative care programs from 2000 
to 2008 (632 programs to 1,299 programs) [3]. Nearly 50% of 
hospitals located in cities with populations larger than one mil-
lion have these services. However, research in and clinical 
guidelines for palliative care have predominantly focused on 
younger adults, especially those with cancer.

The proportion of the US population past the age of 80 has 
increased dramatically. At the age of 80, about four of every 
ten men and three of every ten women will die within 5 years 
[7]. National data reveal that marked variations were found in 
the number of days spent in the hospital in the last 6 months 
of life for the population over the age of 80. The local avail-
ability of hospital beds is the most powerful predictor of site 
of death in this age group according to a study by Goodlin 
et al. [7]. In general, regions with high rates of inpatient care 
were located in the states of New York, Pennsylvania, New 
Jersey, West Virginia, Kentucky, Maryland, South Carolina, 
Mississippi, Alabama, and Arkansas. Those with low rates 
were likely to be in the West (Oregon, Utah, and Washington). 
In this study, physicians reported the most significant difficul-
ties for many patients included assistance with self-care, pain, 
need for emotional support, and cognitive impairment.

Older patients are still systematically disadvantaged in 
their access to palliative care. Although death occurs far more 
commonly in older people than in any other age group, the 
evidence base for palliative care in older adults is sparse [8]. 
A study of palliative care consultations comparing patients 
aged 80 and older to younger patients gives insight into how 
caring for these older adults is unique and challenging [9]. 
The researchers studied 1,184 patients referred to an academic 
palliative care service over a 38-month period. The three most 
common conditions for seeking consultation were: dementia, 
stroke or coma, and heart disease; only 38% of the elderly 
patients had cancer. Results showed that 37% of patients aged 
80 and older already had a DNR order present at the time of 
consultation and that the remaining patients were more likely 
to have a DNR order issued at the time of consultation (73%) 
when compared with younger patients. There were signifi-
cantly more recommendations (34–43%) to withhold or with-
draw artificial nutrition, hydration, phlebotomy, and antibiotics 
in this age group when compared with those less than 80 years. 
In addition, there were fewer interventions for pain, nausea, 
anxiety, and other symptoms in the 80 and over age group. 
These significant results may be the result of the palliative 
care team communicating with the patient families and not 
with the patient directly in designing goals of care.

In 2001, the Assessing Care of Vulnerable Elders project 
(ACOVE) [10] published quality indicators for the end of 
life care. The 14 indicators aim to achieve a “good death” by 
focusing attention on patient preferences for care and on pal-
liation. Nine of these measures tailor care so that it is matched 

Curative

Palliative Care

Life
Closure

Death

Bereavement

Presentation/
Diagnosis

Prevention

Figure  16.1  The continuum of palliative care: from presentation to 
death (from [2] with permission from Elsevier).

Case Study  (continued)

pressors. An urgent family meeting with the chaplain, 
social worker, palliative care team, the surgeon, the 
nurse, the visiting family, his wife, and daughter-in-law 
was held to discuss the patients’ previously stated wishes. 

All were finally in agreement and comfort care was then 
initiated. He was started on morphine and ativan drips. 
The patient expired on postoperative day 29 surrounded 
by his wife and family.

This case represents both good and bad aspects of 
approaching the elderly patient who is at the end of life.
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with the patients’ preferences. The first guideline recom-
mends that all vulnerable elders have an advance directive 
with a surrogate decision maker identified on their chart. 
“When a vulnerable elder is admitted to the hospital and sur-
vives 48 h then the patient’s prior preferences regarding life-
sustaining therapies should be documented in the medical 
record” [10]. Out-patient advance directives should be 
acknowledged when the patient changes care settings and 
honored in the new care setting. The remaining measures 
address ventilator withdrawal, treatment of dyspnea and 
pain, spiritual issues, and searching for next of kin.

Geriatric care and palliative care have many similar areas 
of concern and have much to offer in improving the care to 
this fragile population. Both emphasize the quality of life as 
the key determinant of choices in care and treatment options; 
both make “the person” and “the family” the unit-of-care; 
and both have placed a strong emphasis on multidisciplinary 
models of care [11]. Both disciplines also have difficulty in 
establishing prognosis and time course in noncancer ill-
nesses. Elderly people have distinct needs when providing 
palliative care. At a time when social support is most needed, 
many of our elderly patients have diminished financial 
resources and a lack of caregivers. The potential for isolation 
and loneliness is increased because of the deaths of loved 
ones, adult children (with their own medical problems) tak-
ing care of elderly parents, and families that are now spread 
over wide geographic areas [12].

Most elderly patients have at least two chronic medical 
disorders, which complicates palliative care. By the age of 
74, the most common comorbid ailments are hypertension, 
angina and coronary artery disease, respiratory disease, dia-
betes mellitus, and previous solid tumors [13]. Symptoms 
associated with comorbid diseases need to be integrated into 
the overall palliative care plan. In addition, Bernard Isaac 
described the “giants of geriatric medicine” (dementia, delir-
ium, urinary incontinence, and falls), which need to be taken 
into account when delivering high-quality palliative care. 
The more recently described syndrome of frailty adds an 
additional diagnosis to be considered in providing palliative 
care. Frailty manifests the following core clinical features: 
loss of strength, weight loss, low levels of activity, poor 
endurance or fatigue, and slowed performance. The presence 
of three or more of these features is associated with adverse 
outcomes including falls, new or worsened functional impair-
ment, hospitalization, and death [14]. However, a recent 
study has shown that while patients with the diagnosis of 
frailty have a steady decline in functional ability in the last 
2 years preceding death, there is only a slight acceleration in 
decline as death approaches. This study found there was no 
clear point before death where there was a marked increase 
in the prevalence of functional impairment [15]. Therefore, 
the hospice model which relies on a short-term period of 
decline and on the ability to care for oneself before death 
does not work for this population [15]. Older palliative care 

patients are more likely to suffer and die from chronic 
illnesses preceded by lengthy periods of decline and func-
tional impairments [9].

Symptom Management

The transition from “cure” to “comfort” encompasses shifts 
in philosophy and practice for both physicians and patients. 
As the traditional medical model shifts to palliation and end-
of-life care, aggressive care comes to a halt. Disease progres-
sion is no longer a focus of attention and the reduction of 
symptoms assumes primacy. Families and patients need to 
know that as the dying process continues, the frequency of 
contacts with the health care system will stay the same (or 
may even increase) as care shifts from curative to palliative. 
Assessing symptoms can be challenging in patients who 
have difficulty in verbalizing their needs. The most common 
physical symptoms in terminally ill elderly patients include 
pain, dyspnea, nausea and vomiting, anorexia, constipation, 
and fatigue. Certain symptoms are common no matter what 
the cause of death; nearly three quarters of all dying patients 
experience pain and half have difficulty in breathing and loss 
of appetite [16]. Physical symptom management is as impor-
tant in elderly dying patients as in younger patients [9, 17]. 
Many symptoms near the time of death are more common 
with advancing age. Those aged 85 years and older are more 
than twice as likely as those younger than age 55 to experi-
ence confusion (52% vs. 21%) or loss of bladder control 
(51% vs. 24%) [17]. Elderly patients are also more likely to 
experience dizziness or loss of bowel control.

Pain

A full discussion of the physiology and treatment of pain can 
be found in Chap. 26. However, because pain is one of the most 
distressing and disabling problems which palliative medicine 
addresses, several points deserve repeating here [18].

The goals of a clinical assessment for pain in the elderly 
may be similar to those established for younger patients; 
however, unique characteristics of aging make this assess-
ment more challenging for clinicians. These characteristics 
include the reluctance of older individuals to report pain, the 
assumption that pain is a normal part of aging, sensory and 
cognitive impairments, and fear of the consequences of 
acknowledging pains (such as further testing and hospitaliza-
tion). In addition, older adults often have multiple comor-
bidities that may have an impact on the pain presentation. 
The pain experience can influence mood, physical function-
ing, and social interactions. The many factors that can con-
tribute to pain in the older, dying adult are summarized by 
Gibson and presented in Table 16.1 [19].
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However, despite an increasing focus on pain research over 
the past decade, the precise incidence and prevalence of pain 
in older people is still not well described. It has been suggested 
that 45–80% of nursing residents have substantial pain and 
that many of these patients have multiple pain complaints and 
multiple potential sources of pain [20]. Studies have suggested 
that the prevalence of pain in community-dwelling older adults 
may be as high as 25–56%. In addition, a body of research 
indicates that pain is often present prior to death [21]. In one 
retrospective study, interviews with survivors representing 200 
deceased older community residents, randomly selected from 
the death certificate list in a large American city, indicated that 
pain increased over the final year of life when compared with 
a matched comparison group of living persons [22].

Pain is also common in hospitalized elder patients. The 
Hospitalized Elderly Longitudinal Project (HELP) was a 
subset analysis of a controlled prospective study of hospital-
ized patients 80  years and older with one or more high-
mortality diseases [23]. HELP evaluated the prognosis, 
symptoms, and decision making in these adults. Pain was 
reported by 45.8% of patients in the hospital with 12.9% 
being dissatisfied with their pain control while they were in 
the hospital. Pain was moderate to severe in 16.8–19% of the 
patients. Pain persisted after discharge, with 49.8% having 
pain for 2 months and 53.6% for 1 year follow-up [23].

In patients with terminal cancer, the high prevalence of 
pain is well documented. Treatment for pain in this population 
is commonly inadequate. A multicenter study of outpatients 

with metastatic cancer done by the Eastern Cooperative 
Oncology Group found that nearly half those with pain did 
not receive the type of analgesics recommended by the 
guidelines of standard cancer-pain management. Elderly 
patients, particularly those older than 70 years of age, and 
women from minority racial groups were at greatest risk of 
inadequate analgesia [24].

Pain assessment in older adults with delirium is extremely 
challenging. No single diagnostic test exists to determine the 
presence of either pain or delirium. Since there is consider-
able overlap between delirium behaviors and nonverbal pain 
behaviors, clinicians may need multiple assessment tools in 
addition to their own assessment and caregiver input to assess 
pain accurately. Close attention must be paid to nonverbal 
signs (vocalizations, grimacing, bracing, restlessness, rub-
bing, and agitation) in addition to the usual cues. Guidelines 
to pain assessment in nonverbal adults include: obtain self-
report if possible, investigate for possible pathologies that 
could produce pain, observe for behaviors that may indicate 
pain, solicit surrogate report, and use analgesics to evaluate 
whether pain management causes a reduction in the behav-
ioral indicators thought to be related to pain [25].

However, many patients with dementia can express that 
they are experiencing pain, and most are able to complete a 
pain assessment instrument [26]. In one study, 65 of 66 
patients with moderate dementia [mean mini-mental status 
exam (MMSE) score of 16] were able to respond to at least 
one of the three scales including the Iowa pain Thermometer, 
the Verbal Descriptor Scale, and the Numeric Rating Scale 
[27]. Even in the most demented patients (MMSE < 11), 59% 
were able to complete a pain tool [28, 29].

Gibson et al. provide an excellent guideline for alleviating 
pain in the older dying patient. These management strategies 
do not rely only on medication (see Table  16.2). Non
pharmacologic interventions that may potentiate the analgesic 
effect or improve subjective well-being for older individuals 
with chronic pain include relaxation techniques, cutaneous 
stimulation (i.e., heat, cold, and vibration), modulated exer-
cise, distraction and relaxation, and cognitive-behavioral 
therapy [19].

Once medication is needed, the American Geriatric 
Society (AGS) Guidelines for the management of chronic 
pain in older persons is an excellent resource to pain man-
agement [30]. The AGS guidelines caution to “start low, and 
go slow” allowing for the safe titration of effective pain treat-
ment while avoiding adverse effects. These guidelines 
emphasize the optimization of the analgesic regimen and 
provision of medication “around the clock,” rather than “as 
needed” for constant pain. A critical component of pain man-
agement is anticipation of breakthrough pain due to incident 
pain (pain related to specific events such as movement, 
coughing, and personal care or treatment procedures) and 
end of dose failure.

Table 16.1  Factors that contribute to pain in the older, dying patient

Chronic  
conditions

Malignant  
disease

Breakthrough  
pain

•	 Musculoskeletal  
disorders

•	 Cardiovascular  
diseases

•	 Diabetes
•	 Neurological  

disorders
•	 Herpes zoster
•	 Temporal arteritis
•	 Chronic constipation

•	 Cardiac  
decompensation

•	 Vascular  
compromise

•	 Nerve  
involvement

•	 Bone infiltration

•	 Incident pain
•	 End of dose 

failure

Care procedures
Emotional/ 
cognitive state Response of others

•	 Medication  
side effects

•	 Intravenous starts
•	 Venapunctures
•	 Chemotherapy
•	 Surgery
•	 Thoracentesis
•	 Radiation sequelea
•	 Personal care

•	 Depression
•	 Anxiety
•	 Helplessness
•	 Anger
•	 Denial
•	 Fear
•	 Confusion
•	 Vulnerability
•	 Dependency

•	 Denial
•	 Distancing
•	 Social isolation
•	 Miscommunication

Source: Reprinted with permission from [19]
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The guidelines recommend acetaminophen as the initial 
and on-going pharmacotherapy in the treatment of persistent 
pain, unless the patient has liver failure. The maximum daily 
recommended dosages of 4 g per 24 h should not be exceeded 
and must include “hidden sources” such as from combina-
tion pills. Nonselective nonsteroidal anti-inflammatory drugs 
(NSAIDs) and COX-2 selective inhibitors may be consid-
ered rarely, and with extreme caution, in highly selected indi-
viduals [30]. Older patients taking these agents should use a 
proton pump inhibitor or misoprostol for gastrointestinal 
protection. The risk of gastrointestinal bleeding increases 
with age from 1% in the general population to 4% in those 
over the age of 60 [31, 32]. Older persons are also known to 
be at greater risk for NSAID-related renal toxicity [33]. 
Nonopioid agents are usually effective for mild pain (1–4 on 
a 0–10 scale) while opioids are often needed for moderate [5, 6] 
or severe (>7) pain.

Opioids are the mainstay of therapy with pain of moder-
ate or greater intensity. Doses must be high enough to relieve 
pain and given frequently enough to prevent pain recurrence. 
Clinicians should anticipate the potential for opioid-associated 
adverse effects. For all patients on opioids, a stool softener 
and laxative is needed on a regular schedule. Fiber should be 
discouraged because it can exacerbate opioid-induced con-
stipation in patients with poor oral intake [34]. The nausea 
and sedation often associated with the initiation of opioids 
usually abates within a few days; if these symptoms persist, 
a trial of a different opioid is warranted [35] (see Chap. 26). 
When switching between opioids, the dose of the new agent 

should be 50–67% of the calculated equianalgesic dose 
because patients are incompletely tolerant to the respiratory 
and sedative effects of the new opioid [36]. Methadone 
should be initiated and titrated cautiously only by clinicians 
well versed in its use and risks [30]. When long-acting opi-
oid preparations are prescribed, breakthrough pain should be 
anticipated, assessed, prevented, and treated using short act-
ing immediate-release opioid medications. For breakthrough 
pain, a “rescue” dose of an immediate-release opioid at 10% 
of the total daily opioid dose to be given every 2 h as neces-
sary is indicated [37].

Dyspnea

One of the most common and distressing symptoms found in 
many end-stage disease processes is dyspnea. Dyspnea is the 
subjective sense of breathlessness or the uncomfortable 
awareness of breathing. It occurs at the end of life with a prev-
alence of 21–70% [38]. Dyspnea is not well correlated with 
the degree of hypoxemia or hypercarbia on arterial blood gas, 
airway obstruction on pulmonary function tests, or the pres-
ence of cyanosis or tachypnea on physical exam [38]. Initially, 
all reversible causes should be sought and aggressively man-
aged (e.g., pleural effusion, pericardial effusion, congestive 
heart failure, bronchospasm, and bronchial obstruction). 
However, it remains a significant symptom even after maxi-
mal disease treatment. Nonpharmacologic interventions for 
dyspnea, such as positioning, dehumidification of ambient 
air, the use of fans, and soothing environmental changes, are 
often highly effective adjuncts to pharmacologic treatment.

Opioids, particularly morphine, provide highly effective 
relief for most patients and are the mainstay of therapy. For 
severe dyspnea, a dose of morphine of 5–15  mg orally is 
used. For breakthrough dyspnea, a dose can be repeated 
every 2 h. The mechanism of action is poorly understood but 
is likely the suppression of the central ventilatory drive in 
addition to the central effects of analgesia and euphoria that 
palliate dyspnea [38]. Fear and anxiety are often a compo-
nent of dyspnea and the use of an anxiolytic can be benefi-
cial. Benzodiazepines, and to a lesser extent phenothiazines, 
have also been used to treat dyspnea. These should be started 
at very low doses with frequent repeat administration to 
titrate for the reduction of symptoms. Benzodiazepines will 
occasionally contribute to delirium in the elderly and need to 
be used carefully. There is no clear evidence as to which cat-
egory of medication will be most effective in any given 
patient, and clinical judgment combined with therapeutic tri-
als is the best approach.

The use of oxygen is common in the treatment of dyspnea, 
but is not always effective. Hypoxemia does not necessarily 
correlate with the subjective symptom of dyspnea and its cor-
rection may not produce symptom relief. The drawbacks of 

Table 16.2  Factors that alleviate pain in the older, dying patient

Chronic conditions Malignant disease Breakthrough pain
•	 Optimal analgesic 

management
•	 Around-the-clock 

dosing for constant 
pain

•	 Modulated exercise
•	 Relaxation
•	 Cutaneous 

stimulation  
(e.g., heat and  
cold vibration)

•	 Cognitive- 
behavior therapy

•	 Optimal analgesic 
management

•	 Comfort measures 
(e.g., positioning)

•	 Nonpharmacologic 
interventions

•	 Treatment of 
underlying causes

•	 Optimal 
analgesic 
regimen

•	 Rescue dosing
•	 Education
•	 Participation

Care procedures
Emotional/
cognitive state Response of others

•	 Preemptive 
analgesia/
anesthesia

•	 Education
•	 Distraction
•	 Modified care 

routines

•	 Treatment of 
depression

•	 Reassurance
•	 Compassion
•	 Hope

•	 Support
•	 Permission
•	 Therapeutic 

diversion
•	 Practical 

assistance

Source: Reprinted with permission from [19]
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oxygen therapy include cost, the intrusive and noisy appara-
tus, restrictions on activity, and difficulties in keeping tubing 
or masks in place in many elderly patients. Oxygen should  
only be used if the patient finds it to be of benefit. [39].

Constipation and Obstruction

Decreased gastrointestinal motility occurs frequently near the 
end of life and is also a common condition in the elderly. 
Ileus, mechanical obstruction, and metabolic abnormalities 
can lead to constipation. In addition, constipation is a frequent 
adverse drug effect of many drugs including opioids and those 
with anticholinergic side effects. Routine laxative therapy 
should not be initiated in patients with severe constipation 
until fecal impaction has been excluded.

Regular administration of stimulant laxatives (e.g., senna 
and bisacodyl) or osmotic agents (e.g., milk of magnesia, 
sorbitol, lactulose, and polyethylene glycol) is often neces-
sary for the management of constipation in the terminally ill. 
It is important to titrate to an effective dose of a single agent 
before adding additional agents [39]. Recent studies have 
shown encouraging results relieving constipation with 
administration of the m-opioid-receptor antagonists: meth-
ylnaltrexone and naloxone. Oral naloxone accelerates transit 
through the transverse and rectosigmoid colon and is poorly 
bioavailable; therefore, very little naloxone appears in the 
systemic circulation. Methylnaltrexone has a limited ability 
to cross the blood–brain barrier. Therefore, treatment does 
not affect central analgesia or precipitate opioid withdrawal. 
Methylnaltrexone given subcutaneously often results in relief 
of constipation within 4 h [40].

Differentiating bowel obstruction from constipation is an 
important consideration. For patients with a history of either 
completely resected abdominal malignancy or an earlier 
nonabdominal malignancy with known potential for intra-
abdominal metastatic disease (breast cancer, lung cancer, and 
melanoma), malignant obstruction should be high on the dif-
ferential diagnosis list if bowel obstruction is seen on radio-
graphic evaluation. There are no comparative studies comparing 
cost, patient comfort, and diagnostic accuracy of different 
radiographic techniques but the data currently suggest that CT 
scanning should be used in the evaluation of malignant bowel 
obstruction [41]. One must remember that a large percentage of 
bowel obstructions even in patients with intra-abdominal 
malignancies are from benign causes, such as simple adhe-
sions, and may have a straightforward surgical solution.

Although surgical approaches can be an option to treat 
malignant bowel obstruction, this does not mean that every 
patient should undergo surgery [41]. Appropriate patient 
selection is imperative because operative mortality is fre-
quent (5–32%), morbidity is common (42%), and reobstruc-
tion after operation is high (10–50%) [41]. The primary goals 

of treatment are to relieve obstruction-related nausea and 
vomiting, to allow the patient to eat and to permit the patient 
to return home or to a nursing facility under hospice care. 
Literature suggests that patients less likely to obtain a benefit 
from surgery include those with ascites, carcinomatosiss, 
palpable intra-abdominal masses, multiple bowel obstruc-
tions, and very advanced disease with poor overall clinical 
status [41]. Surgical options should provide the quickest and 
safest procedure that can alleviate the obstruction (resection, 
intestinal bypass, or stoma).

Nasogastric suction is the mainstay for temporary treat-
ment of bowel obstruction where surgical intervention may 
be indicated, however, it is poorly suited to the management 
for those patients where surgical intervention is not an option. 
Numerous endoscopic options provide more durable and 
comfortable benefit. Endoscopic stent placement has suc-
cessfully relieved obstruction at many sites of malignant 
bowel obstruction in both the upper and lower GI tracts. 
Percutaneous endoscopic gastrostomy (PEG) tubes can alle-
viate the symptoms of intractable nausea and vomiting. This 
method has proved quite useful for patients with end-stage 
gynecologic malignancies even in the face of ascites [42].

There are many pharmacologic therapies available to 
relieve the signs and symptoms of bowel obstruction. Opioids 
can effectively alleviate pain related to intestinal obstruction. 
If cramping is not present, prokinetic agents such as meto-
clopramide can provide temporary relief of partial obstruc-
tion. Macrolide antibiotics have been shown to be beneficial 
for improving gastrokinesis by acting as a motilin receptor 
agonist [43]. Erythromycin which stimulates gastrointestinal 
motility has been useful in patients with both gastroparesis 
and colonic pseudo-obstruction [43]. Octreotide, a soma-
tostatin analog, is one of the most effective medications for 
the relief of nausea, vomiting, abdominal distension, and 
pain in patients with permanent obstruction [44]. Somatostatin 
inhibits gastrointestinal hormones decreasing acid secretion, 
bile flow, mucous production, and splanchnic blood flow. 
Octreotide stimulates myoelectric activity within the gut 
leading to faster esophageal contractions and greater motility 
within the rectosigmoid [45]. The inhibitory effect of 
octreotide on secretion seems to reduce pain and vomiting by 
decreasing distension. Control of vomiting is rapid, often 
2–4 h within achieving the correct daily dose of octreotide. 
Typical doses are from 0.3 to 0.6 mg per day, usually given 
subcutaneously. There are few side effects, mostly pain at the 
injection site.

Anorexia and Nutritional Concerns

Elderly patients are at risk for malnutrition. An estimated 
35–65% of hospitalized older persons are malnourished and 
almost half have decreased appetite [46, 47]. This leads to 
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negative nitrogen balance and then to significant muscle loss 
which reduces patient mobility, decreases respiratory func-
tion, and is associated with poor performance status and out-
comes. Early in the course of palliative care, adequate nutrition 
to stabilize muscle loss or regain lean tissue mass is the goal in 
sustaining functional status, quality of life, and preventing 
events such as skin breakdown and pressure ulcers. Therefore, 
efforts should be made to assess the potential for nutritional 
intervention. Reversible causes of reduced food intake should 
be treated. These include inadequately treated pain, nausea, an 
inability to swallow, poor fitting dentures, malabsorption, gas-
troparesis from autonomic dysfunction, and clinical depres-
sion [46, 47]. However, data supporting the use of commercial 
nutritional supplements are varied. A systematic review of 31 
randomized controlled trials of nutritional supplementation, 
involving 2,464 elderly hospitalized or community-dwelling 
participants, found that supplements containing protein and 
calories had a small effect on weight gain but no effect on 
strength, function, quality of life, or morbidity [48]. However, 
the rate of mortality was reduced in the supplemented group 
when compared with the control group.

There is little evidence of a benefit for artificial nutritional 
support in the context of cancer cachexia. Studies on cancer 
patients using oral or parenteral nutrition have found no dif-
ference in body weight, quality of life, or survival, despite a 
significant increase in nutritional intake [46, 47]. Therefore, 
the most cost effective and easy solution would be to encour-
age the patient to attempt small frequent meals and add easy 
to eat snacks that are energy-dense. This may provide help to 
patients experiencing early satiety and reduced appetite.

No drugs are approved by the US Food and Drug Admin
istration to promote weight gain in older people. Corti
costeroids have been used to improve appetite and general 
well-being in patients with advanced cancer, but they do not 
improve muscle mass [49]. A study on hypertensive women 
receiving ACE inhibitors reported superior muscle strength 
when compared with women treated with other antihyper-
tensives [50]. Progestins, such as megastrol acetate and 
medroxyprogesterone, are the best established drugs for 
increasing appetite and reversing weight loss in patients with 
cancer, end-stage AIDs, and in frail nursing home residents 
[49–53]. Responses to megastrol acetate are observed up to a 
dose of 800 mg/day [49]. Testosterone levels drop in both 
elderly men and women. In the acute surgical setting, testos-
terone replacement was associated with a significant improve-
ment in the ability to stand after knee replacement [54]. 
Many clinical studies report that testosterone and its analogs 
can facilitate muscle growth, yet the results of anabolic ther-
apy in wasting disorders remain equivocal [49]. It seems a 
reasonable approach to determine the patient’s hormonal sta-
tus and to offer testosterone to patients with abnormal levels 
and clinical evidence of androgen deficiency [49].

At the end of life, persistent anorexia and inanition are 
markers for the terminal stage of several illnesses and may 

reflect a final common pathway to death. Unfortunately, 
anorexia is a common source of distress for caregivers. Many 
families worry that their loved one will “die of thirst” or “starve 
to death.” In our food-centered culture, feeding is seen as a 
sign of love and many worry that withholding food and hydra-
tion will hasten death. A study of 32 mentally aware, termi-
nally ill patients who were receiving minimum nourishment 
revealed that 63% never expressed feelings of hunger and 34% 
expressed feelings of hunger only initially [55]. Discomfort 
was noted when patients ate to please their families. By con-
trast thirst was expressed by 37% of study participants until 
death. Reassurance from the physician that it is natural to lose 
interest in eating in advanced illness is usually well-received 
and an important source of relief and comfort [55, 56]. Nonoral 
administration of fluids or calories in actively dying patient 
does not prolong life and it may make the time remaining less 
comfortable by increasing pulmonary congestion and periph-
eral edema or by enhancing tumor growth [57].

In patient with advanced dementia, tube feeding has been 
shown not to be beneficial [55]. It is unlikely to prevent aspi-
ration, prolong survival, reduce the risk of pressure sores or 
infections, improve function, or provide palliation [58]. 
However, in most cases, the decision falls to family mem-
bers, and their choice is then influenced more by cultural 
factors and family dynamics than by clinical benefit.

Delirium

Delirium is an acute change in a patient’s level of conscious-
ness and thought processes that develop over a short period of 
time; it is often waxing and waning and is a significant change 
from previous functioning. Attention, concentration, speech, 
memory, or perceptions may be impaired. Patients with delir-
ium can be agitated or quietly confused [18]. Delirium is a 
common syndrome that affects sick or frail older adults at 
high rates. Approximately 30% of all hospitalized older adults 
[59] and as many as 50% of older patients undergoing surgery 
may develop delirium [60]. Greater than 70% of all patients 
admitted to the medical intensive unit experience delirium 
[61]. More than 80% of dying palliative care patients become 
delirious as part of the syndrome of imminent death [62].

The diagnosis of delirium is made clinically at the bed-
side. One useful and validated diagnostic tool is the confu-
sion assessment method (CAM) [63]. To meet the criteria for 
delirium using the CAM, a patient must have an acute onset 
of a change in mental status, a fluctuating course, and an 
inability to hold attention. In addition, the patient must dis-
play one of the two criteria: disorganized thinking or altered 
level of consciousness [64].

Differentiation between delirium and dementia is not 
always clear, and the features of the two syndromes some-
times overlap. The onset of delirium is rapid; dementia 
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usually develops slowly. In delirium, the ability to attend is 
primarily affected. In early stages of dementia, memory 
rather than attention is affected, although in late stages atten-
tion may be severely impaired.

Delirium is best treated by addressing the underlying 
cause (i.e., a urinary tract infection, dehydration, or untreated 
pain). Multicomponent nonpharmocologic interventions are 
effective and should be utilized first [65]. These include fre-
quent reorientation with voice, calendars, and clocks, main-
taining a quiet calm environment, eliminating the use of 
restraints, having familiar objects in the room, and ensuring 
that the patient has the use of assistive devices (glasses and 
hearing aids). Pharmacologic therapy should be saved for 
those patients who are suffering from agitation and halluci-
nations. Haloperidol starting at low doses (0.5–1.0 mg) is the 
first line of therapy. It is fast acting and can be administered 
orally, intramuscularly, or intravenously.

Adverse Drug Reactions

Management of many different symptoms creates an 
additional burden for clinicians who must also be vigilant for 
adverse drug reactions and interactions resulting from polyp-
harmacy. Adverse drug reactions are more frequent and 
severe in the elderly population [66]. Elderly people may be 
more susceptible to adverse drug reactions because of age-
related changes in body composition, metabolic rate, hepatic 
mass, blood flow, and glomerular filtration rate which affect 
how the body absorbs, distributes, and eliminates exogenous 
chemicals. For example, antibiotics commonly cause gastro-
intestinal side effects including nausea and antibiotic-
associated diarrhea. Antibiotic-associated diarrhea has an 
incidence ranging between 2 and 25%. However, in older 
patients, the incidence of positive assays for Clostridium 
difficle toxin can be 20–100 times more frequent than in 
those 10–20 years of age [67]. Another example of the effect 
of age on adverse drug reactions is with the use of nonsteroi-
dal anti-inflammatory drugs. Perforated peptic ulcer disease 
secondary to the use of nonsteroidal anti-inflammatory drugs 
in patients over 65 years is statistically higher than in younger 
people [68]. However, in order to avoid inadequate symptom 
management, it is more important for clinicians to monitor 
for the occurrence of adverse effects rather than withhold 
medications to avoid these potential side effects.

Prognosis

Understanding prognosis is particularly important in older 
patients because it can be the key piece of information 
affecting how the individual makes decisions. In addition, 

miscommunication about prognosis in older patients often 
occurs [69]. Even though predictive models can result in 
an accurate survival curve for a large group of people with 
various conditions such as organ failure and cancer, these 
models cannot accurately predict prognosis for individual 
patients [83, 84]. This becomes even more complicated in 
geriatric patients, who may have multiple illnesses, mak-
ing it even more difficult to predict the ultimate cause and 
timing of death [8].

The National Hospice and Palliative Care Organization 
(NHPCO) guidelines for noncancer diagnoses were published 
in 1996 [70] as an attempt to help clinicians decide when it was 
appropriate to refer patients for hospice care based on a predic-
tion of less than 6 months survival. The committee developing 
the guidelines used the best medical evidence at the time to 
establish clinical prognostic indicators. Hospice programs 
across the country have adopted these guidelines at the time of 
referral into the admission process to decide if the patient meets 
reimbursement criteria under the Medicare hospice benefit. 
Insurers have similarly adopted most aspects of the guidelines 
as criteria to use for determining payment eligibility. However, 
since 1996 many quality research projects looking at the validity 
of these prognostic criteria have shown that the disease-specific 
NHPCO guidelines are not accurate in determining whether a 
patient with end-stage heart or lung disease or dementia will 
survive more or less than 6 months. For example, both heart 
failure and chronic end-stage pulmonary disease have unpre-
dictable disease trajectories. In addition, advances in medication 
and device therapies have changed the prognostic factors used 
in the NHPCO guidelines [70]. The palliative performance scale 
(Table 16.3) is a reliable and valid tool that correlates well with 
actual survival and median survival for a heterogeneous group 
of palliative care patients and may present more accurate 
information than individual disease prognoses [71–73].

Advance Directives

Advance directives, referred to as living wills, are applicable 
when individuals are terminally ill and unable to make their 
wishes known. Advance directives authorize another individ-
ual to execute a treatment directive that specifies which life-
sustaining procedures would be “offensive and unwanted” 
and are based on the Congressional Uniform Rights of the 
Terminally Ill [74]. Another form of advance directive is the 
durable power of attorney for health care. A person can 
appoint another individual to make medical decisions. This 
delegation of authority over health care decisions becomes 
effective when individuals are incompetent to make decisions 
for themselves. Since a primary goal of palliative medicine is 
patient centered care, determining the patient’s ability to make 
decisions is fundamental to respecting their true wishes.
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The distinction between competency and decision-making 
capacity is important. Competency is a legal term in which an 
individual retains their legal rights; decision-making capacity 
is a medical determination, made for a particular situation and 
at a particular point in time [2]. Capacity determinations are 
based on four key aspects: a person’s ability to understand 
the relevant information and the decision at hand, appreciate 
the significance of the decision and relate it to his or her own 
life, reason through the options and potential outcomes of a 
decision, and make and articulate a choice [18]. In the elderly 
with cognitive impairment, impairment of capacity may be 
temporary as a result of delirium or depression. Even people 
with dementia may still participate in their decision making. 
One study showed that the majority of mildly to moderately 
demented patients had acceptable decision-making capacity 
[75]. In another study, 92% of patients with mild-to-moderate 
dementia indicated that they wanted to be involved in their 
treatment decisions, and the majority of caregivers supported 
this [76].

When the patient lacks decisional capacity, a surrogate is 
held to these same standards. A surrogate is asked to apply 
substituted judgment, that is, promote the patient’s wishes 
and express the beliefs that the patient holds. The surrogate 
is encouraged to act as an advocate by being a voice for the 

patient. The distinction of substituted judgment is important 
not only to maintain the ethic of patient autonomy, but also 
to avoid the burden of the question of deciding to end the 
patient’s life. Instead, the surrogate can be the advocate for 
the patient’s interests in avoiding prolonged suffering [2]. 
For a more complete discussion of decision-making capacity, 
see Chap. 14.

Hospice

Current hospice care is modeled on patients who have dis-
eases that are characterized by rapid declines in the ability to 
care for oneself shortly before death. Hospice provides a 
multidisciplinary team of professionals including physicians, 
nurses, home health aides, chaplains, social workers, and 
volunteers working in collaboration to provide for the needs 
of the patient and family during the last stage of an illness. 
The benefit includes care that can be provided in the home 
setting, skilled nursing facility, or inpatient hospice unit. 
Hospice provides symptom control, pain management, and 
emotional and spiritual support expressly tailored to the 
patient’s needs and wishes. Family members also receive 

Table 16.3  Palliative performance scale

Percentage Ambulation
Activity level
Evidence of disease Self-care Intake

Level of  
consciousness

Estimated median 
survival in days

(a) (b) (c)

100 Full Normal
No disease

Full Normal Full N/A N/A 108

  90 Full Normal
Some disease

Full Normal Full

  80 Full Normal with effort
Some disease

Full Normal  
or reduced

Full

  70 Reduced Cannot do normal  
job or work

Some disease

Full As above Full 145

  60 Reduced Cannot do hobbies  
or housework

Significant disease

Occasional assistance 
needed

As above Full or confusion 29 4

  50 Mainly sit/lie Cannot do any work
Extensive disease

Considerable 
assistance needed

As above Full or confusion 30 11 41

  40 Mainly in bed As above Mainly  
assistance

As above Full or drowsy  
or confusion

18 8

  30 Bed bound As above Total care Reduced As above 8 5

  20 Bed bound As above As above Minimal As above 4 2 6

  10 Bed bound As above As above Mouth care only Drowsy or coma 1 1

  0 Death – – – –
(a) Denotes survival postadmission to an inpatient palliative unit, all diagnoses
(b) Denotes days until inpatient death following admission to an acute hospice unit, diagnoses not specified
(c) Denotes survival postadmission to an inpatient palliative unit, cancer patients only
Source: Reprinted with permission from [71]
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support, caregiver training, and help coping with the loss of 
their loved one.

Experts agree that hospice is most beneficial when pro-
vided for at least 3  months. NHPCO reports that the 
median length of service was 26 days in 2005 with 30% of 
people served by hospice in the USA dying in 7 days or 
less. Furthermore, while eight out of ten Americans have 
indicated they would prefer to spend their final days at 
home, those who received hospice for 7 days or less were 
more likely to be cared for outside of their homes. Families 
who felt their dying loved ones were referred “too late” to 
hospice care reported more unmet needs and lower satis-
faction with the quality of care provided at the end of life. 
One of the ten families (11.4%) indicated that hospice 
care was not provided soon enough according to the 
research recently published in the Journal of Pain and 
Symptom Management. Inadequate symptom manage-
ment, poor care coordination, and insufficient emotional 
support were some of the problems associated with late 
referrals [77].

The hospice Medicare benefit was introduced in the USA 
in 1982. To qualify for the Medicare hospice benefit, a patient 
must have Medicare and be terminally ill; the physician must 
choose to receive hospice care reimbursement instead of the 
standard Medicare benefits for the illness; and the care must 
be provided by a Medicare-participating hospice program 
[78]. Medicare reimbursement requires careful documenta-
tion and considers the patient to be terminally ill if one of the 
following conditions applies [79]:

	1.	 “The medical documentation meets the criteria in the 
NHPCO prognosticating guidelines that the patient is ter-
minally ill (i.e., there is no conflicting or inconsistent 
information in the record to suggest that the patient is not 
terminally ill even though the guidelines are met).

	2.	 The medical documentation in the record supports that 
the patient is terminally ill even though the NHPCO 
guidelines are not met or the patient’s condition is not 
covered by the NHPCO guidelines.

	3.	 The patient dies from the illness for which he or she 
elected the hospice benefit.”

The hospice medical director or attending physician pro-
vide clinical documentation to support the certification of 
terminal illness. Documentation may include results of tests 
or narrative descriptions of the clinical indicators or progres-
sion of disease. The patient must have a prognosis of 
6 months or less for most hospice programs, including those 
under Medicare [80]. Unfortunately, older people dying with 
progressive frailty are poorly suited to taking advantage of 
this benefit because the course of their illness can be pro-
tracted beyond the 6-month limit and there is no clear point 
where a rapid decrease in functional abilities predicts immi-
nent death [15].

Communication and Establishing Goals  
of Medical Care

One of the best ways to incorporate palliative care medi-
cine and end-of-life issues into the care of the elderly 
patient is with a systematic approach at the time of diagno-
sis or when planning surgical care. Formal advanced care 
planning including a conversation regarding goals of treat-
ment, living wills, power of attorney for health care deci-
sion making, surrogate decision making, and preferences 
for life-support measures, such as cardiac resuscitation and 
ventilator support, should be incorporated into the overall 
care plan of every patient undergoing major surgery, par-
ticularly the elderly. A discussion of goals of care is a core 
competency of geriatric medicine and palliative medicine, 
and it should be one in surgical specialties as well. As the 
burden of therapies increase, the patient’s wishes for ther-
apy and outcome become more relevant. Patient prefer-
ences can and should be formulated into therapeutic goals, 
for example, the desire to be discharged to home, surviving 
to a particular event, being able to communicate and say 
goodbye, or achieving a more rapid and certain death [2]. 
Once goals of care are established, they can be used to con-
struct advance directives about specific care interventions, 
such as cardiopulmonary resuscitation, ventilator support, 
hospitalization, and appointment of a health care proxy. It 
is in the initial phase of working with a patient and family 
that the groundwork is laid for palliation and adherence to 
a person’s goals and preferences [2]. Goodlin et  al. [80] 
developed a process to improve the medical care for the 
very old. This involves clarifying and stating the goals of 
care with the family and patient, documenting that plan on 
the chart, and then carrying out that plan with careful atten-
tion to the patient’s symptoms (see Fig. 16.2). This same 
process could apply to any surgeon and patient at any entry 
point into the medical system.

With the increasing age of the population and more com-
plicated treatment regimens, increased communication is 
needed regarding disease trajectory, goals of care, and transi-
tioning to an end of life setting. Patient’s families are more 
likely to have overall satisfaction with their loved ones care 
if they are regularly informed about the patient’s condition, if 
they are provided with emotional support, if they are given 
accurate information about the patient’s medical treatment, 
and if they can identify one medical practioner as being in 
charge of their loved one’s care [81]. The addition of a pallia-
tive care specialist, if available, could be an effective addi-
tion to the team in helping to negotiate patient-directed goals 
of care and facilitate dialogue regarding the complex issues 
surrounding care at the end of life. No matter who is in 
charge, our goals should focus on what the Institute of 
Medicine defines as a good death: “one who is free from 
avoidable distress and suffering for patients, families, and 
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caregivers; in general accord with the patients’ and families’ 
wishes; and reasonably consistent with clinical, cultural, and 
ethical standards” [82].
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Ninety years is old, but 100 is news.

 – Belle Boone Beard [1]
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Chapter 17
Surgery in Centenarians

Mark R. Katlic 

The 100th anniversary of an individual’s birth still bestows 
an aura, a mystique, as the centenarian is as close to immor-
tality as a human can be. This special prestige has been 
afforded the imprimatur of scientific study by Baker [2], who 
found that centenarians represented a striking exception to 
the inverted U curve of status across the life-span in Western 
culture. Baker’s data, derived from factorial survey analysis, 
fit the postulate that there is an “American arc of life” that 
gives maximum prestige to middle age and least prestige to 
young and old persons. Centenarians, however, were given 
unique status nearly equal to that of middle-aged individuals 
(Fig.  17.1), because “like four leaf clovers or quintuplets, 
centenarians are rare.”

Even those who care for centenarians are affected. 
Nishikawa [3] found that family members who care for cen-
tenarians had a lower accumulated fatigue level, despite 
being older themselves and despite their subjects’ worse per-
formance status, than those who cared for individuals aged 
70–90 years. Webb and Williams described a case of acute 
tenosynovitis of the right wrist and hand (centenarian hand 
syndrome) resulting from the congratulatory handshakes of 
many friends and relatives on a man’s 100th birthday [4].

We have an inherent curiosity about our oldest old. What 
does he eat? What is her secret? Can it be bottled and sold? 
Decades ago one entrepreneur, Dr. Marie Davenport, became 
a professional centenarian, offering to teach her secrets of 
longevity to others for a fee [1]. Jeanne Calment, the world’s 
presumed oldest person when she died at 122  years, was 
interviewed weekly by the foreign press who sought her out 
in Arles, France [5]. In 1997, a popular magazine devoted its 
cover story to “How to Live to 100” [6].

The mystique may wane, however, as more of us reach this 
milestone. The present paucity of centenarians results from 
high mortality rates and a much smaller overall population a 
century ago. Over the past 40–50 years the number of cente-
narians has nearly doubled every decade, owing chiefly to 
improved survival from the age of 80–100 years [7]. When 
Beard began her monumental, sedulous study of centenarians 
in 1940, there were 3,700 possible subjects living in the 
United States; when she ended it during the late 1970s there 
were at least 14,000 [8]. This number had reached 50,000 by 
the year 2000 [9], and may be over 200,000 in 2020, and 
500,000 to 4 million in 2050 [10]. Some authors argue that 
even these projections are too conservative because they dis-
count the possibility of future baby booms and assume slow 
rates of mortality decline and low levels of immigration [11]. 
Vaupel and Gowan calculated that if mortality is reduced 2% 
per year, by the year 2080, the number of centenarians in the 
United States would approach 19 million [12].

Surgical problems do not end on a person’s centennial. 
Surgeons will become increasingly familiar with these most 
senior citizens.

History

Surgeons have written with increasing frequency about oper-
ations in the elderly, but the definition of “elderly” has 
changed. A report in 1907 listed 167 operations performed 
on patients older than 50 years [13], and even 20 years later 
Ochsner taught that “an elective operation for inguinal her-
nia in a patient older than 50 years was not justified” [14]. 
Brooks used a limit of 70 years as “advanced age” in his 
series of 293 operations reported in 1937 [15], and over 
the next few decades most authors considered patients above 
age 60–70  years to be elderly. More recent studies show 
that  good results can be expected in octogenarians and 
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nonagenarians [16, 17], even in those undergoing complex 
vascular [18, 19], cardiac [20], and cancer operations [21].

An occasional centenarian is included in these series, 
but most papers devoted to centenarians per se are case 
reports, some written 40 years ago. Welch and Whittemore 
[22] in 1954 presented a 100-year-old woman who recov-
ered well from abdominoperineal resection of the rectum 
for carcinoma. The next year Maycock and Burns [23] dis-
cussed prostate surgery in two patents in this age group, 
and in 1957 Childress [24] successfully treated three femo-
ral fractures under spinal anesthesia. In 1971, isolated cases 
of pacemaker placement [25] and below-knee amputation 
[26] were reported. A basket-size ovarian leiomyoma was 
excised from a 103-year-old woman because of bowel 
obstruction in 1979, allowing her to live at least two addi-
tional years [27]. Six patients aged 100–106 underwent 
pacemaker procedures with good results in the 1989 report 
of Cobler et al. [28].

During the 1990s greater numbers of patients were 
reported. There were three deaths (12.5% mortality) in 
McCann and Smith’s series of 24 patients undergoing a vari-
ety of operations, such as colon resection, ruptured aortic 
aneurysm repair, and hip prosthesis placement [29]. Cogbill’s 
1992 series of 16 patients reported perioperative mortality of 
6% and a 1-year survival of 69% after a variety of small 
operations [30].

In 1998, Warner [31] reported 42 procedures in 31 patients 
aged 100–107  years. There was one major complication 

(3%) and no mortality within 48 h of operation; 30-day mor-
tality was 16.1%, none directly related to the operative pro-
cedure or perioperative morbidity. Subsequent mortality of 
these patients equaled that of matched peers from the general 
population (Fig. 17.2). Grey [32] reported a case of revision 
total hip arthroplasty. This author reported a series of major 
and minor procedures in six patients aged 100–104 years, all 
of whom survived (Table 17.1) [33]. The illustrative cases 
below are from that series.
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Figure 17.1  Perceived status by 
age and sex of target individual. 
Triangles, men; squares, women. 
(Reprinted with permission from 
Baker [2]).

Figure 17.2  Survival following surgery for patients ³100 years of age. 
Numbers in parentheses represent number of patients alive and fol-
lowed at yearly intervals during the first 3 years after surgery. (Reprinted 
with permission from Warner [31]).
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Discussion

Centenarians recover surprisingly well from surgery, leading 
one to speculate that the 100-year-old patient who has not 
already succumbed to a myocardial infarction or pulmonary 
embolus is less likely to do so, even in the perioperative 
milieu. The Mayo Clinic study of surgery in nonagenarians 
supports this finding, as neither pneumonia nor atherosclero-
sis with myocardial infarction was a major cause of postop-
erative death [15].

Certainly all that has been learned about surgery in the 
elderly should be applied to the centenarian. Clinical presen-
tation of surgical problems may be subtle, preoperative prep-
aration is essential, and scrupulous attention to detail 
intraoperatively and perioperatively yields great benefit. 
Virtually all studies of surgery in the elderly have also shown 
an up to threefold greater risk for emergency surgery than 
elective surgery. The worst complications in the author’s 

series, pneumonia and intraabdominal abscess, did occur 
after emergency surgery, but the patients generally tolerated 
even urgent operations well.

Centenarians may be considered a natural model of suc-
cessful aging. What is it about the 100-year-old that allowed 
him or her to enter this select age group?

Physiologic Changes in Centenarians

The oldest-old manifest low frequencies of the E4 form of 
gene coding for apolipoprotein E, a protein linked to an 
increased risk of acquiring Alzheimer’s disease. Among 
healthy subjects age 90–103 years, 14% had at least one E4 
gene, in contrast to 25% of subjects younger than age 65 
[10]. It may be that many of those with E4 suffer early 
Alzheimer’s disease and do not survive to become centenar-
ians. This cohort effect may explain some of the other 

Case Studies

Case 1

A 100-year-old woman fractured her right hip in a 
nursing-home fall. She had a history of myocardial 
infarction, congestive heart failure, aortic stenosis, 
arthritis, and hiatus hernia. She had previously under-
gone cataract surgery, cystocele repair, and open 
reduction/internal fixation of a left hip fracture. Open 
reduction/internal fixation of her new fracture was 
performed under general anesthesia. During her second 
postoperative week she developed acute gangrenous 
cholecystitis, requiring emergency cholecystectomy. 
This episode was complicated by left lower lobe pneu-
monia, which resulted in antibiotic treatment, and by a 
localized intra-abdominal abscess, which was success-
fully treated with percutaneous drainage and antibiot-
ics. Six weeks after admission she returned to her 
nursing home. Protruding Enders rod pins in her right 
leg led to pin removal under local anesthesia 8 months 
later. At 101  years of age, she underwent elective 
endoscopic resection of a rectal villous adenoma con-
taining carcinoma in situ. Postoperative bleeding from 
the resection site mandated suture ligation under gen-
eral anesthesia. She returned to her nursing home, 
where she lived two years. She died two weeks before 
her 103rd birthday.

Case 2

A 100-year-old retired laborer was ambulatory at his 
nursing home until his toes became painful. He had a 
history of hypertension, chronic lung disease, and severe 
peripheral vascular disease and had undergone prostate-
ctomy. On examination, he had a gangrenous right foot 
with Proteus cellulitis extending to the calf and an 
absence of leg pulses below the femoral arteries. He 
underwent amputation of the right leg above the knee 
while under general anesthesia (spinal anesthesia was 
aborted because of the patient’s agitation) and was dis-
charged 11 days later. He had one later 4-day admission 
for bronchitis and died at age 101 years of “old age.”

Case 3

A 101-year-old woman was ambulatory and independent 
at home, but suffered from a large right inguinal hernia. 
Her past history included congestive heart failure, atrial 
fibrillation, adult-onset diabetes mellitus, blindness, and 
a resected basal-cell carcinoma of the face. Elective right 
inguinal herniorrhaphy was completed under local anes-
thesia in the outpatient surgical unit. Postoperatively, 
stating that she would “rather wear out than rust out,” she 
took a 3-month cruise around the world and later lectured 
at a local college geriatric course. On the penultimate 
day of her life she completed a political poll. She died of 
congestive heart failure at age 102.
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physiologic and pathologic changes in centenarians described 
below. Silver found that dementia is not inevitable with aging 
and that dementia in centenarians is often not attributable to 
Alzheimer’s disease [34–36].

Morphologic changes occur in the brain with age – 
decreased brain weight, atrophy of the cerebral hemispheres, 
fall in the number of Purkinje cells in the cerebellum – but 
healthy aged subjects show little difference from young 
adults with respect to cerebral blood flow and oxygen uptake 
[37]. Hubbard et al. studied electroencephalograms in cente-
narians and found slowing of the posterior dominant rhythm, 
but there was no evidence of a progressive decrease in fre-
quency between the ages of 80–100  years [38]. Well-
preserved mucociliary clearance in the lung of a centenarian 
was documented by Pavia and Thomson despite 80 years of 
smoking history [39].

An even more paradoxical finding was described by Mari’s 
group [40]. They found that a high proportion of 25 healthy 
centenarians had laboratory evidence of activation of the 
coagulation system, shown by high levels of enzymes, activa-
tion peptides, and enzyme-inhibitor complexes. Levels of fac-
tor X activation peptide were equal to those found in patients 
with disseminated intravascular coagulation. Even procoagu-
lant proteins such as fibrinogen and factor VIII – predictors of 
cardiovascular disease in young adults – were elevated in 
centenarians; yet these individuals had no current or past 
thrombotic events. The authors concluded that significant 
alterations of these markers are still compatible with health 
and long life. A more recent study by this group found that 
the 4G allele and 4G/4G genotype associated with elevated 
levels of plasminogen activator inhibitor 1 (PAI-1), which 
predicts recurrence of myocardial infarction in young men, 
were even more frequent in centenarians than young adults.

The homozygous genotype for the deletion of polymor-
phism of the angiotensin converting enzymes, which predis-
poses to coronary artery disease, is also paradoxically more 
frequent in centenarians than in adults of age 20–70 years 
[41]. Mannucci et al. speculated that occult factors compen-
sate for these putatively unfavorable genotypes in centenar-
ians (e.g., linkage dysequilibrium with a locus counteracting 
the bad effect of elevated PAI-1 levels offsets the risk of 
hypofibrinolysis). It may be that if an elderly person has 
already escaped thrombotic disease, it is advantageous to 
have decreased fibrinolysis [42]. A different genetic finding 
in centenarians – decreased frequency of the E4 allele of the 
gene, which encodes apolipoprotein E – would go along with 
decreased risk of ischemic heart disease [41].

Laboratory values in healthy centenarians may differ even 
from those of younger elderly adults: widening of the range 
for sodium levels to 132–146 mmol/L, slightly higher potas-
sium and chloride, decreased total calcium, slight increase in 
ionized calcium, increased blood glucose, increased alkaline 
phosphatase and lactate dehydrogenase, slightly decreased 

bilirubin and total protein, increased amylase likely due to 
decreased renal function, increased serum urea nitrogen and 
slightly increased creatinine, increased urinary albumin, ele-
vated urate, decreased albumin, elevated carcinoembryonic 
antigen, decreased cholesterol and triglycerides, decreased 
vitamin B

12
, decreased zinc, slightly decreased thyroxine, 

increased prolactin, no change in corticotropin, decreased tes-
tosterone and estradiol, marked decrease in dehydroepiandros-
terone, decreased progesterone, unchanged cortisol, slightly 
higher gastrin, lower erythrocyte, leukocyte, and platelet 
counts, slight decreases in hemoglobin, hematocrit, and iron 
[43]. Higher functioning centenarians appear to have higher 
levels of serum albumin [44]. Discussion of possible mecha-
nisms for these findings is beyond the scope of this chapter.

Franceschi asserted that a complex remodeling of the 
immune system occurs in healthy centenarians in contrast to 
the presumed progressive deterioration (especially with the 
T-cell branch) [45, 46]. Peripheral blood T cells and major 
T cell subsets are only slightly decreased despite age-related 
thymic involution. B lymphocytes are deceased despite data 
that several immunoglobulin classes are elevated in the 
serum. Interestingly, peripheral blood lymphocytes in cente-
narians appear resistant to the oxidative stress that causes 
irreversible cell damage in younger individuals; such stress 
may retard entrance into the cell cycle rather than cause per-
manent damage [47].

Centenarians are more likely to have low body weight 
[48, 49], possibly due to loss of muscle and fat [50]; a number 
of investigators have reported short stature even when the 
effects of aging are considered. Decreased bone mass, 
however, is not universally present [51]. Both male and 
female centenarians are more likely to have feminine or 
androgynous personality traits, rather than masculine ones 
and are more likely to have a type B behavior pattern (easy-
going) [52].

Pathology in Centenarians

Although atherosclerosis has been found in coronary, cere-
bral, femoral, and abdominal aortas of centenarians [53], the 
ascending aorta may be spared [48, 54]. Myocardial fibrosis 
is located chiefly in the left ventricle and septum, and cardiac 
amyloid deposition is characteristic [53]. Coronary disease 
at autopsy is common [55, 56], though perhaps less so in 
Japanese centenarians [57]. Pneumonia was found in 15 of 
23 patients in Ishii and Sternby’s series and was also the 
most common cause of death [53]. Alveolar ectasia and 
decreased elastic fiber were also seen in the lungs. 
Interestingly, recent or old thromboembolism in the pulmo-
nary arterial tree was common at autopsy despite the absence 
of clinical pulmonary emboli during life [53].
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In the kidney, chronic pyelonephritis and atherosclerosis 
are usually pronounced; and the testes, ovaries, and uterus 
show atrophic changes [58]. In the gastrointestinal tract, the 
liver also shows atrophy and colonic diverticula are common. 
Gallstones are common (13/23 patients), and peptic ulcer is 
rare [58]. Osteoporosis is common [59], but not universal 
[51]. Similarly, in the brain, changes of Alzheimer’s disease 
are common but not universal; when present these may not 
correlate with clinical neurologic findings [60, 61].

Cancer as a cause of death was unusual in Ishii and 
Sternby’s autopsy series [59]; it represented 7.1% of Stanta’s 
99 autopsies in centenarians [62], and 31% of Klatt and 
Meyer’s 32 patients [54]. The 7.1% rate in Stanta’s series 
was significantly different (p < 0.001) from that in age groups 
75–90 years (25%) and 95–99 years (9.5%). Metastases in 
this series were found in 23.5% of the centenarians with can-
cer and 63.2% of those 75–90 years old; local infiltration did 
not differ among groups. Many of the cancers in centenarians 
(70%) were undiagnosed during life, a fact that may explain 
the exceptionally low incidence of cancer (4%) as a cause of 
death in epidemiologic studies [63]. Of all the types of can-
cer, only the prevalence of gallbladder adenocarcinoma was 
increased in Stanta’s series [62]. Germ-line polymorphisms 
may play a role in the decreased susceptibility of centenari-
ans to cancer [64]. In exploring an animal model of extreme 
longevity, Cooley found that only 19% of extreme aged dogs 
died of cancer versus 82% of dogs with usual longevity 
(p < 0.0001) [65] (Fig. 17.3). In summary, cancer in the old-
est-old is less frequent and less aggressive.

Centenarians, like younger individuals, die of specific 
organ failure, not “old age” [66]. Berzlanovich [67] reviewed 
autopsy records of forty Austrian centenarians, 60% of whom 
had been described as healthy before death; all had a specific 
cause of death, including cardiovascular in 68%, respiratory 
25%, gastrointestinal 5%, and cerebrovascular 2%.

Determinants of Extreme Longevity

Despite our fascination with centenarians, little is known 
about the influences – genetic, environmental, and medical – 
on their longevity. Vaupel’s group, in extensive studies of 
nearly 3,000 Danish twin pairs born during 1870–1900 esti-
mated the heritability of longevity to be 0.26 for men and 
0.23 for women; the sex difference resulted from the greater 
impact of unshared environmental factors in the women [68]. 
Other family studies have shown weak correlations for 
life-span between parents and offspring (0.01–0.05) and 
somewhat higher correlations between siblings (0.15–0.35) 
[69, 70] (Fig. 17.4) suggesting either that the genetic factors 
are nonadditive (genetic intralocus interaction) or there is a 
higher degree of shared environmental influences among sib-

lings than parents. The offspring of centenarians nevertheless 
manifest less cardiovascular disease than the general popula-
tion at similar age [71–73], and, in one study, less cancer-
specific mortality [73].

Several specific genetic factors have been associated with 
extremely long life [74]. In a study of Japanese centenarians, 
Takata et al. [75]. showed a significantly lower frequency of 
HLA-DRw9 and a higher frequency of HLA-DR1 among 
centenarians compared to younger adults; these antigens are 
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negatively associated with autoimmune diseases in Japan, 
suggesting mediation of the genetic influence through a lower 
incidence of disease. The low prevalence of the E4 allele of 
apolipoprotein E (APOE) and increased prevalence of the DD 
genotype for angiotensin-converting enzyme (ACE) have 
been mentioned above [42]; neither of these, however, was 
associated with longevity in a Korean study [76]. Puca 
reported evidence for a specific locus (D451564) on chromo-
some 4 associated with longevity in a sibling pair linkage 
study [77]. The role of inherited and somatic mutations of 
mitochondrial DNA (mtDNA) in centenarians remains unclear 
[78]. Short chromosomal telomeres have been associated with 
increased mortality in persons over the age of 60 [79], but this 
has not held true for the oldest old [80, 81]; nevertheless, 
Terry [82] found that healthy centenarians have significantly 
longer telomeres than unhealthy centenarians (Fig. 17.5).

The mediation of genetic influences on longevity via 
genetic influences on smoking and body mass index – two 
factors associated with longevity in epidemiologic studies – 
was disproved by Herschind [83]. Even smoking status has 
shown no definite association with extreme longevity, nor 
has alcohol consumption, diet, or exercise [84]. Such “life-
style” factors may, however, influence one’s functional sta-
tus at the age of 100 [44]. Environmental factors such as 
socioeconomic status and early life nutrition appear to have 
little influence [85]. Although no “fountain of youth” medi-
cine has been discovered, the inverse correlation of blood 
levels of dehydroepiandrosterone (DHEA) with mortality 
has prompted ongoing clinical trials of its administration [86], 

not all of them salutary [87]. Some environments, e.g., Sardinia 
and Okinawa, appear to be conducive to extreme longevity 
as do personal factors such as activity, discipline, altruism, 
spiritual faith [88], musical instruments, and humor. In a 
study of 483 Italian centenarians, 88.6% had never smoked 
cigarettes [89]. Centenarians themselves attribute their lon-
gevity to God, singing, pickled herring, shochu (sugar cane 
liquor), honey, port, abstinence, boiled onions, whiskey, red 
wine, fish, luck, chocolates, olive oil, weakness for women 
(or men), and more.

In summary, it is likely that a large number of factors 
interact to determine longevity, three-fourths of them being 
environmental (Table 17.2). The involvement of a number of 
genes, each contributing a little, might influence longevity 
directly or, more likely, through determining susceptibility to 
disease at different ages.

Selective Survival Hypothesis

A 100-year-old is as likely to survive surgery as are his sons 
and daughters, and one may speculate that he is even more 
likely to do so. The man or woman who has endured ten de-
cades of life’s labors enters a select group whose physiologi-
cal resilience is greater than that of many who are chrono-
logically younger. – M.R. Katlic, 1985 [33]

This selective survival concept was discussed by Thomas 
Perls, principal investigator with the New England Centenarian 
Study [10]. Perls postulated, supported by his research and 
that of others, that certain individuals are resistant to the dis-
eases that cripple and kill most people before age 90. These 
individuals – although 95% have some form of chronic dis-
ease [90], including cardiovascular disease [91] – not only 

16000
Telomere Lengths - 'Healthy' vs. 'Unhealthy'

M
ea

n 
te

lo
m

er
e 

le
ng

th
 (

bp
)

14000

12000

10000

8000

6000

4000

2000

0
Healthy Unhealthy

Figure 17.5  Mean telomere length measured in base pairs (bp) in 19 
healthy versus 19 unhealthy centenarians. Bars: interquartile ranges 
(Q75% to Q25%) of telomere length. Diamonds: mean; horizontal line 
within bars: median telomere lengths; Vertical lines: overall range of 
telomere lengths. (Reprinted with permission from Terry [82]).

Table  17.2  Posulated Determinants of extreme life-span in the 
industrialized world

Genetics: genes coding for
Human leukocyte antigens HLA-DR
Apolipoprotein E
Angiotensin-converting enzyme (ACE)

Environment
Year of birth
Smoking
Alcohol
Diet
Locale cf. Sardinia, Okinawa

Medicine
Dehydroepiandrosterone (DHEA)

Other
Long-lived sibling
Long-lived parent
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live longer lives, they also live relatively free of debilitating 
infirmities.

Mortality rates for centenarians, for example, are lower 
than would be anticipated by extrapolating the death rates of 
younger adults. Mortality can be reasonably predicted up to 
approximately age 80, but the linear decline in health not 
only slows at advanced age, but varies more among indi-
viduals, thus selecting the most fit [92]. Selection is more 
than sufficient to overcome the effects of aging and is greater 
in men, probably because of their higher mortality at younger 
ages [93, 94]. This “gender crossover” resulting from the 
selection of fit men can be seen as early as age 80, but is 
more evident in centenarians: men make up 20% of 100-year-
olds and 40% of 105-year-olds. Female-to-male ratios, how-
ever, may range from 2:1 to 7:1 in different provinces within 
the same country [95]. Age 95–97 years appears to be the 
age at which a person’s chance of dying increases in a linear 
rather than an exponential manner with time (Fig.  17.6) 
[10]. Carey [96] found the same phenomenon in medflies.

Whether due to compositional change in the cohort (selec-
tion of the fittest) or better intrinsic cellular defense mecha-
nisms (see peripheral blood lymphocyte data above), the 
very old have a higher threshold for acquiring disease and a 
decreased mortality rate, allowing them not only to survive, 
but to do so in relatively good health (Fig. 17.7). In 1990, the 
Medicare costs for those who died at age 70 was $6475 dur-
ing each of the last 5 years of life compared to $1,800 per 
year for those who died at age 100 [97]. In 1995 medical 

expenses for the last 2  years of life average $22,600 for 
people who died at age 70 and $8,300 for those who died 
after age 100 [6].

Perls’ group has described three morbidity profiles for 
centenarians [98]. Survivors had an age-associated illness 
prior to age 80  years (24% of men and 43% of women); 
Delayers experienced an age-associated illness after 80 years 
(44% of men and 42% of women); Escapers reached age 100 
without a diagnosis of common age-associated illness (32% 
of men and 15% of women). With respect to the most lethal 
diseases – heart disease, cancer, and stroke – 87% of male 
centenarians and 83% of female centenarians either delayed 
or escaped. Motta [99], who studied 602 Italian centenarians, 
writes that even those who are free of disease, autonomous, 
and bright should not be considered prototypes of “success-
ful aging”, as they have not maintained any social or produc-
tive activities. Most consider centenarians to be models of 
healthy aging from which we can learn, in order to improve 
the health of all elderly [100].

Supercentenarians

Supercentenarians, those aged 110  years or more, likely 
number less than 500  worldwide; most are women [101]. 
Schoenhofen [102] studied 32 such individuals, 84% of them 
women. Cardiovascular disease and stroke were rare, 
Parkinson’s disease absent, and cancer successfully treated 
in 25%; 41% were independent or required minimal assis-
tance. The parents and siblings of supercentenarians also 
manifest a survival advantage [103].

Figure 17.6  Observed mortality rate slows after age 97 years compared 
to the expected mortality rate. (From Perls [10]. Copyright© 1995 by 
Scientific American, Inc. All rights reserved).

Figure  17.7  High threshold for acquiring disease and slow aging 
process may promote survival because of the good health of centenari-
ans. (From Perls [10]. Copyright© 1995 by Scientific American, Inc. 
All rights reserved).
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Conclusions

All that has been learned about surgery in the elderly should 
be applied to the centenarian: clinical presentation of surgi-
cal problems may be subtle, preoperative preparation is 
essential, emergency surgery carries high risk compared to 
elective operation, and scrupulous attention to detail intraop-
eratively and perioperatively yields great benefit. It is not 
unreasonable to speculate that the 100-year-old who has not 
already succumbed to a myocardial infarction or pulmonary 
embolus is unlikely to do so, even during the perioperative 
period. Survival to the centenary indicates that one has been 
tested by life and has been found exceptionally fit. Elective 
surgery should not be deferred nor emergency surgery denied 
the centenarian on the basis of chronologic age.
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Introduction

Regardless of profession, aging is ubiquitous and profoundly 
influences performance throughout one’s career. Often, 
advanced age is considered to bring wisdom and knowledge 
through longitudinal experience. A common quote is fre-
quently heard in the hallways of hospitals on rounds and at 
morbidity–mortality teaching conferences: “Good judgment 
comes from experience, and often experience comes from 
bad judgment.”

However, there is considerable evidence to suggest that 
advanced age is associated with a decline in an individual’s 
performance. One of the earliest examples of such research 
that has changed public policy is the ability to operate a 
motor vehicle. Prior research indicates that older adults have 
less visual field acuity and visuospatial attention compared 
with younger individuals, which has been correlated with a 
decreased ability to operate a motor vehicle [1]. Age-related 
factors associated with motor vehicle collisions include 
decreased attention, reaction time, memory, executive func-
tion, mental status, visual function, and physical function. 
Such individuals frequently lack insight into their cognitive, 
sensory, and physical limitations [2].

In recent years, there has been increasing interest in the 
effects of age on physician performance and healthcare 
quality. While not only a sensitive and controversial topic, 
understanding the effects of the aging process on medical 
practitioners is important for the assessment of compe-
tence and the mechanisms and timing for retirement. This 
review will examine recent data regarding the effects of 
age on physician performance and consider the implica-
tions for physicians in practice and for those who develop 
healthcare policy.

The Physiology of Aging in Relation  
to Performance

The physiologic effects of aging are complex and multifacto-
rial. Previous studies have demonstrated that advancing age is 
correlated with a decline in motor skills (both gross and fine), 
decreased visual acuity, and impaired cognitive functioning. 
However, in practice, it is difficult to assess any individual factor 
in isolation, as they work in concert to enable an individual to 
complete a task. For example, over time, older individuals are 
not only less adept at learning a new motor skill by practice, but 
also less able to integrate these with cognition and to coordinate 
movement sequences. Older individuals also have slowed cogni
tive and motor responses to stimuli compared with younger 
individuals. Similarly, individuals who err in cognitive tasks 
are more likely to err in concurrent motor tasks as well [3].

Several aspects of cognition have been shown to decline 
with age. For example, older individuals are less able to learn 
new tasks through repeated training and subsequently to exe-
cute complex tasks. Additionally, age-related declines exist 
in several aspects of attentive skills, such as sustained atten-
tion, selective attention, and inhibition tasks [4, 5]. Previous 
studies have documented age differences with respect to 
memory retrieval, but not necessarily memory encoding or 
motor memory [3]. For example, new motor memories can 
be retained for at least 2 years without rehearsal in individu-
als up to 95 years in age [6].

Of interest to surgeons and those physicians in procedural 
subspecialties, hand dexterity and visual acuity are signifi-
cantly influenced by the aging process [7, 8]. Older adults 
have more difficulty maintaining and varying manual force 
compared with younger individuals. Changes in ocular optics 
and neural pathways with age result in decreased visual per-
ception, and an individual’s ability to discriminate color, con-
trast, and motion. Older individuals may also have slower 
visual processing speeds compared with their younger coun-
terparts [9, 10]. Recent encouraging studies indicate that some 
age-related declines in visual acuity and hand functioning can 
be prevented with more extended practice which may allow 
the development of training protocols to prevent age-related 
decline in skills for practicing physicians [11, 12].
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The Effect of Age on Physician Skill

Several studies have looked specifically at the effect of aging 
on physicians. In 1994, Powell et al. demonstrated a progres-
sive decline in cognitive function among aging physicians, 
with a notable decline after age 65. These authors assessed 
physicians and age-matched controls using the Assessment 
of Cognitive Function (ACF) test, a series of neuropsycho-
logical tests assessing one’s ability to process and retrieve 
new information, attention and language ability, visuospatial 
operations, and reasoning [13, 14]. The study demonstrated 
that age-related declines occur in both physicians and non-
physician control subjects affecting verbal memory, reason-
ing, attention span, and visuospatial ability.

Bieliauskas et al. recently surveyed 359 surgeons over a 
6-year period to identify an association between aging and 
cognitive functioning. Unlike previous studies addressing 
the effects of physician aging on performance, this study is 
longitudinal in design. These authors used the Cambridge 
Neuropsychological Test Automated Battery (CANTAB) 
instrument to assess several aspects of physician perfor-
mance. First, surgeons were tested on measures of rapid 
visual information processing (RVIP), which also assesses 
stress tolerance. Surgeons were also tested on reaction time 
(RTI), and visual learning and memory (paired associates 
learning, PAL). The authors found age-related declines 
across all domains. Figure  18.1 demonstrates the effect of 
age on the RVIP task. There was a nearly linear decline in 
mean rapid visual processing response with advancing age. 
Additionally, older surgeons had notably slower movement 
and reaction time with response to stimuli (Fig. 18.2). Finally, 
with respect to visual learning and memory, older subjects 
experienced more incorrect responses per trial, and a lower 
proportion of correct responses on the first attempt of each 

exercise (Fig. 18.3). Of note, these effects were more pro-
nounced among those surgeons who had voluntarily 
decreased their operative caseloads compared with higher 
volume surgeons, implying that procedural volume may be 
an important factor in the correlation between aging and 
technical skill (Fig. 18.4).

Interestingly, recent data suggest that physicians may 
adapt to the aging process differently due to the technical 
and cognitive demands of their profession. Physicians may 
retain some skills that decline faster in age-matched counter-
parts. Boom-Saad et  al. used CANTAB to determine the 
effect of age on psychomotor functioning among surgeons 
and trainees, specifically looking at efficiency of motion, 
reaction time, sustained visual attention, and visuospatial 
memory [15]. These authors also demonstrated a linear 
decline in functioning with respect to RTI, RVIP, and the 
visual paired associates learning test (PAL). However, com-
pared with age-matched controls, surgeons outperformed 
age-matched controls despite the decline in age. Surgeons 
had greater efficiency of movement, shorter response time, 
and greater accuracy with PAL tasks compared with age-
matched controls (Figs.  18.5–18.7), despite the overall 
decline with age.

To what extent these phenomena represent innate abilities 
compared acquired skill through the practice of surgery is not 
clear. However, it is encouraging that studies have shown that 
many cognitive and motor tasks can be learned and modified 
with practice. Wanzel et al. and Risucci et al. have studied the 
relationship between visuospatial ability and competency to 
perform surgical procedures. These authors have shown that 
visuospatial ability is easily tested and improves with practice 
and feedback. Such observations suggest that these and simi-
lar tasks could be an important tool for systematically assess-
ing physician competence and skill [11, 12].

Figure 18.1  Correlation between 
subject age and rapid visual 
information processing (reprinted 
with permission from 
Bieliauskas et al. [31]).
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Figure 18.2  Correlation between 
subject age and five choice 
movement and reaction time 
(reprinted with permission from 
Bieliauskas et al. [31].

Figure 18.3  Correlation between 
subject age and paired associate 
learning to assess visual learning 
and memory (reprinted with 
permission from Bieliauskas 
et al. [31]).

Figure  18.4  Correlation between surgeon case volume and paired 
associate learning (reprinted with permission from Bieliauskas  
et al. [31]).

Figure 18.5  Comparison of movement time between surgeons and 
normative controls stratified by age (reprinted with permission from 
Boom-Saad et al. [15]).
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The Effect of Physician Age on Patient 
Outcomes

Clearly, age-related declines in functioning exist, but to what 
extent these changes influence patient outcomes is less clear. 
A recent systematic review demonstrated that older physi-
cians may have less up-to-date factual knowledge and may 
have poorer patient outcomes [16]. Older physicians are less 
likely to adhere to established screening guidelines or to 
standards of therapy use [17, 18]. Some authors have postu-
lated that the effect of age may be related to difficulties in 
adapting to new techniques, such as laparoscopy or endovas-
cular therapies. For example, Neumayer et al. studied 1,629 
patients who underwent laparoscopic herniorrhaphy [19]. 
These authors found that surgeon age (³45 years) was cor-
related with a higher incidence of hernia recurrence follow-
ing laparoscopic hernia repair, particularly among surgeons 
inexperienced in laparoscopic repair. Conversely, surgeon 

age was not correlated with recurrence among patients under-
going open herniorrhaphy.

Previous studies have demonstrated a correlation between 
physician age and procedural mortality. O’Neill et al. evalu-
ated the association between surgeon characteristics such as 
age, procedural volume and specialty training, and operative 
morbidity and mortality following carotid endarterectomy 
(CEA) [20]. Patients cared for by older surgeons, defined as 
surgeons in practice longer than 20 years since licensure, 
experienced a higher operative mortality rate following CEA 
compared with patients treated by younger surgeons, after 
adjustment for patient age and mortality risk. Hartz et al. also 
identified a significant correlation between advanced surgeon 
age and higher operative mortality following coronary artery 
bypass grafting (CABG) [21]. Waljee et al. examined the cor-
relation between surgeon age and operative mortality follow-
ing both cardiovascular and oncologic surgical procedures in a 
sample of Medicare patients in the USA. In this study, patients 
cared for by surgeons older than 60 years had a small but sig-
nificantly higher risk of perioperative death following CEA, 
CABG, and pancreatectomy (Fig. 18.8) [22]. Conversely, sur-
geon age was not correlated with operative mortality for elec-
tive aortic aneurysm repair, aortic valve replacement, 
esophagectomy, cystectomy, and lung resection. Of note, for 
those procedures in which older surgeon age was correlated 
with higher patient operative mortality, this association was 
limited to those surgeons with low procedural volumes 
(Fig.  18.9). These findings suggest that procedural volume 
may have a protective effect against age-related decay in per-
formance, and those surgeons who remain active with high 
operative caseloads may attenuate the effects of advancing age 
on their skill set. Conversely, surgeons who recognize dimin-
ishing skills may begin to voluntarily reduce their caseload.

In contrast to these findings, other authors have demon-
strated that increasing physician age confers better outcomes 
for some procedures. Risucci et  al. demonstrated that sur-
geon age and years since graduation were positively corre-
lated with lower procedural times and better acquisition of 
laparoscopic skills [23]. Prystowsky et al. evaluated morbid-
ity and mortality following complex alimentary tract proce-
dures by physician age. In this study, patients of younger 
surgeons were more likely to have higher morbidity and 
mortality rates following highly complex alimentary tract 
procedures compared with older surgeons [24].

Implications for Practicing Physicians 
and Policy Makers

Although many studies have examined the relationship between 
physician aging, professional performance, and patient out-
comes, it is unclear how best to utilize these data with respect to 

Figure  18.7  Comparison of visual information processing between 
surgeons and normative controls stratified by age (reprinted with per-
mission from Boom-Saad et al. [15]).

Figure 18.6  Comparison of response time between surgeons and nor-
mative controls stratified by age (reprinted with permission from Boom-
Saad et al. [15]).
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health policy and guidelines for physicians approaching retire-
ment age. We do not know the age limits of physician perfor-
mance nor the role of other provider and practice setting 
characteristics on the effects of aging, such as acquiring 
subspecialty training or practicing in a teaching hospital. 
Previous studies are often limited by a lack of longitudinal data 
or reliance on administrative data which may not identify subtle 
factors that influence the relationship of age and performance.

Regardless, there have been efforts to improve healthcare 
quality through assessment of physician performance 
throughout one’s career. Many fields in medicine today 
require recertification examinations at periodic intervals to 
ensure competence and test medical knowledge. However, 
written evaluation may not suffice for those in procedural-
based fields. In recent years, the Society of American 
Gastrointestinal and Endoscopic Surgeons (SAGES) has 

Figure 18.8  Adjusted operative mortality among Medicare patients in 
1998 and 1999, according to surgeon age, for four cardiovascular pro-
cedures (a) and four cancer resections (b)†. (Reprinted with permission 

from Waljee et  al. [22].) †Adjusted for patient severity, race, gender, 
age, surgeon volume, hospital volume, and hospital teaching status. 
*p<0.05.



228 J.F. Waljee and L.J. Greenfield

developed a standardized curriculum and assessment of sur-
gical trainees acquiring laparoscopic skills, the Fundamentals 
of Laparoscopic Surgery (FLS) curriculum. The FLS pro-
gram is designed to teach both the cognitive and psychomo-
tor aspects of laparoscopy through didactic teaching modules 
as well as specific technical skill sets [25]. Early studies have 
shown these programs to be successful in improving perfor-
mance, and they are increasingly becoming a requirement 
for surgeons seeking credentialing at certain hospitals [12, 
26, 27]. Similar concepts could be applied to the recertifica-
tion process for surgeons in practice to assess both medical 
knowledge and technical skill. However, there is no current 

systematic assessment for the technical aspects of surgery 
for surgeons in practice, and few guidelines for surgeons 
considering or nearing retirement.

This research has also prompted debate regarding the opti-
mal timing of and approach to retirement. A recent survey of 
surgeons revealed that many surgeons in practice begin to 
decrease their workload after the age of 60, but a substantial 
number continue to operate well beyond the age of 70 [28]. 
The reasons for retirement commonly cited relate to the med-
ical business climate and fear of malpractice, rather than an 
innate sense of waning competence or inability to complete 
tasks. In fact, younger surgeons may be more likely to consider 
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Figure 18.9  Adjusted operative 
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according to surgeon age, and 
stratified by surgeon volume.† 
(a) Cardiovascular procedures; 
(b) cancer resections. (From 
Waljee et al. [22]). †Adjusted for 
patient gender, race, admission 
acuity, age, and Charlson score. 
*p<0.05.
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retirement due to increased rates of self-reported burnout, 
emotional exhaustion, depersonalization, and sense of reduced 
personal accomplishment [29, 30]. In addition to variation in 
timing of retirement, physicians also vary in their approach to 
retirement. Many surgeons gradually taper off their clinical 
practices and operative volumes [28, 31]. However, recent 
data indicate that those surgeons who maintain high proce-
dural volumes can preserve their technical skills and have 
improved patient outcomes. It is well established that sur-
geons who perform certain procedures less frequently have 
poorer outcomes compared with those who perform these 
operations more frequently [32–34].

Physicians may lack self-awareness regarding the effects 
of aging on their professional skills. Recent data indicate that 
physicians do not report difficulties with memory recall or 
name recognition, despite age-related changes demonstrated 
on testing. Interestingly, self-awareness of cognitive changes 
may be the marker surgeons expect to use for the decision to 
retire. [31] Approximately 40% of surgeons report that they 
will retire when they feel their skills are waning, but only 
27% report that they will retire at a predetermined age. In 
fact, there may be a significant delay between the onset of 
cognitive changes and retirement, and the extent to which 
this affects patient care is not known. It is also unclear what 
mechanisms should be in place for those surgeons who may 
not recognize deterioration in their skills. Greenfield and 
Proctor found that the majority of surgeons believe that with-
drawing operating privileges should be based on peer-review 
measures or the onset of disability, and not on the basis of 
age alone [28]. However, this approach may be problematic 
for several reasons. In community hospital settings, senior 
surgeon influence and medicolegal concerns regarding 
disclosure of surgeon performance can inhibit objective peer 
review. Although an external reviewer could provide an 
objective viewpoint, the most appropriate method to assess 
performance has not been established. Instead, data on adher-
ence to best processes of care, length of procedures, length 
of stay, and specific postoperative complication rates may be 
more helpful to assess the quality of patient care and could 
be used in conjunction with standardized tests of knowledge 
and technical skills to guide retirement.

In conclusion, current research has only begun to define 
the effects of aging on physician performance, but has raised 
important questions concerning physician competence and 
quality of healthcare delivered. While current data may not 
support the use of age alone as an indicator of performance, 
understanding the effects of aging and the mechanisms behind 
decline in performance can provide valuable insight for future 
policy decisions regarding recertification and retirement. 
Efforts to refine cognitive and procedural tests should con-
tinue with emphasis on confidentiality so that ultimately, sur-
geons will be able to track their own performance over time 
facilitating appropriate decisions regarding retirement.
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Since the publication of the first edition of this book, 
geriatric surgery has achieved recognition of its professional 
independence. Like an adolescent youngster or an equivalent 
recently liberated nation, it now faces a number of policy 
decisions as it matures and seeks stability. This invited com-
mentary is therefore for the founding mothers and fathers of 
Surgical Geriacistan. It comes from a veteran of similar wars 
of independence of Thoracic, Pediatric, and Vascular 
Surgcalistan, and many years ago as an invited outside found-
ing father of Family Practistan.

Defining the Borders of Your  
Professional Turf

An essential early step in the maturing process for a person, 
a nation, or a clinical specialty is to define where it differs – 
and excels – from everyone else: to define its borders. This is 
of practical importance if, as for Surgical Geriacistan, it is 
surrounded by aggressive neighbors such as Intensivistan, 
Hospitalistan, and the bearded mullahs of Fundamentalistan. 
The political paradigm for Surgical Geriacistan resembles 
the diplomatic Great Game of Central Asia, the Balkans, and 
Central Africa.

Geriatric surgery has a unique focus: its primary concern 
is the elderly and those near the end of life when operation 
is under consideration. Such patients have a diminished life 
expectancy, suffer multiple comorbidities and most of their 
diseases are incurable and, therefore, palliation is the best 
that can be expected. Their quality of life is limited; their 
physiologic reserves and defensive mechanisms compro-
mised, and they are uniquely dependent on support of fam-
ily and society. Finally, their management is enormously 
expensive. Skills required to provide operative care to such 

a population requires special training, which must be 
codified by the founders of geriatric surgery.

Unique Skills

Essential skills for geriatric surgery are familiar to its practi-
tioners but include familiarity with the following unique fea-
tures of the elderly and the oldest old.

Response to the stress of operation.−−
Cumulative effects of comorbidities.−−
Risks of polypharmacy.−−
Communication skills with the elderly and their families.−−
Economic implication of the cost of care in this high-risk, −−
high-cost, low-outcome benefit population.

Once requirements for achieving these and other essential 
skills are identified, definition of the content and duration of 
the required training period will follow.

Defending Your Borders

Leaders of geriatric surgery must be skilled practitioners and 
good politicians because they are surrounded by acquisitive 
competitors with whom they must work in harmony. Sharing 
authority is seldom an inherent charm for most surgeons who 
prefer unity of command but such are the rules of engage-
ment in geriatric surgery. The fact that their neighbors are 
often the source of patient referrals asserts a modulating 
force on authoritarian instincts.

Geriatric surgeons like any good diplomat should be pre-
pared to protect their turf when all else fails. Clearly defined 
and accepted boundaries help avoid misunderstandings, but 
inoffensive traffic through gates in the fence should be 
encouraged. Poaching is unacceptable, but recent diplomatic 
experiments involving hubris have clearly demonstrated its 
destructive folly.
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Allies

Warfare with neighbors, as mentioned, is to be avoided, but 
allies in peaceful negotiation should be cultivated by a newly 
independent specialty. The most obvious ally for the geriat-
ric surgeon are the geriatricians who themselves only recently 
achieved their own independence. Even more powerful sup-
port, however, can come from those who pay the enormous 
cost of geriatric health care. The two big payers are the gov-
ernment and health insurers. Once they are convinced that 
geriatric surgical specialists are cost-effective, the war for 
specialty survival is assured. Subsequent bloody battles may 
be necessary, but independence will follow. Geriatric sur-
geons are well advised to improve and document their cost-
effectiveness.

Internal Stability

Independence inevitably creates temporary turbulence and 
instability. Examples such as internal conflicts of the Sunnis 
and Shias or the Tutsis and Hutus abound in foreign affairs. 
The health care specialty equivalents are the internal disputes 
among vascular surgeons or invasivist vs. noninvasivist gas-
troenterologists or cardiologists.

Founders of surgical geriatrics should promptly settle 
self-destructive internal disputes among tribal leaders and 
present a united front to professional competitors.

The Slippery Slope of Health Care 
Specialization

Pioneer health care specialists routinely deny intent to 
become involved in the complexities that characterize 
administration of other new specialties. They inevitably fail 

and so will surgical geriatricians who might as well resign 
themselves to the frustrations and pangs of the required rites 
of transition. Steps on this slippery slope are familiar. An 
early manifestation is a web page, which now serves to 
advertise a new faith and as did the church door for Martin 
Luther. Subsequent steps include definition of training 
requirements for the new specialty. Fellowships precede 
specialty residencies which soon follow. This leads to 
Residency Review Committees, formal requirements for 
accreditation, an examination, one’s very own Board, a 
Central Office, a Director and his or her staff, annual meet-
ings and dues, and endless black-tie dinners and speeches. 
Soon thereafter, a large multiauthored textbook appears. 
A separate journal inevitably follows.

This formal professional minuet absorbs an unbelievable 
amount of time, energy, and stress on one’s family but appar-
ently is unavoidable.

Health Policy Decisions

Founders of geriatric surgery struggling for recognition can 
benefit from realizing their unique opportunity to influence 
US health-care policy at a moment when it is anticipating 
significant change. The high cost, low societal and personal 
yield of their patient population constitutes a particularly 
vulnerable segment of health- care patients whose most cost-
effective care would be ideal for critical review and change 
when our society is ready to include cost–benefit analysis in 
the formulae dictating government reimbursement. 
Involvement in such medical political pioneering by the 
leadership in geriatric surgery would have enormous collat-
eral benefit to this new specialty.

You are well launched and will thrive. You also predict-
ably will resent future efforts of young whippersnappers who 
will suggest further separation from your then established 
authority.
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With a few obvious exceptions, those of us who are 
surgeons must become geriatric surgeons. The population 
as a whole is aging, with the most explosive growth in the 
over 85 year group, and the conditions that require surgery 
(atherosclerosis, cancer, arthritis, prostatism, cataract, and 
others) increase in incidence with increasing age. Improving 
our care of the elderly surgical patient – the raison d’etre 
of this book – will become progressively more important to 
us all.

Admittedly, surgeons have always cared for the elderly, 
but the definition of “elderly” has changed. A threshold of 
50 years was chosen for the 167 patients described in a paper 
in 1907 [1], and 20 years later influential surgeons still wrote 
that elective herniorrhaphy in this age group was not war-
ranted [2]. Now, though, we are performing complex opera-
tions in octogenarians, nonagenarians, and occasionally 
centenarians [3–7]. In addition, the salutary results of such 
surgery can even influence general sentiment about medical 
care of the elderly. Linn and Zeppa’s study [8] of junior 
medical students reported that the surgery rotation, in con-
trast to other clerkships, positively influenced the students’ 
attitudes about aging regardless of the students’ career 
choices, as the elderly surgical patients were admitted and 
treated successfully.

Surgery therefore has much to offer the geriatric patient, 
but that patient must be treated with appropriate knowledge 
and attention to detail. Discussions of physiologic changes 

in the elderly and results of specific operations comprise the 
bulk of this book and are not presented here. The author’s 
quarter-century study in this area, in addition to caring for 
an elderly thoracic oncology population, has led to a distil-
late of several general principles (Table 20.1) which are rel-
evant to all who care for the aged. These principles are 
worthwhile chiefly for propaedeutic purposes, as they can-
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Table 20.1  Principles of geriatric surgery

	 I.	 The clinical presentation of surgical problems in the elderly may 
be subtle or somewhat different from that in the general popula-
tion. This may lead to delay in diagnosis

	 II.	 The elderly handle stress satisfactorily but handle severe stress 
poorly because of lack of organ system reserve

	III.	 Optimal preoperative preparation is essential, because of Principle 
II. When preparation is suboptimal, the perioperative risk increases

	IV.	 The results of elective surgery in the elderly are reproducibly 
good; the results of emergency surgery are poor though still better 
than nonoperative treatment for most conditions. The risk of 
emergency surgery may be many times that of similar elective 
surgery because of Principles II and III

	 V.	 Scrupulous attention to detail intraoperatively and perioperatively 
yields great benefit, as the elderly tolerate complications poorly 
(because of Principle II)

	VI.	 A patient’s age should be treated as a scientific fact, not with 
prejudice. No particular chronologic age, of itself, is a contraindi-
cation to operation (because of Principle IV)



236 M.R. Katlic

not apply to every patient or every clinical situation. Some 
principles also apply to surgery in the young patient, but the 
quantitative differences in the elderly are significant enough 
to approach qualitative status. Risks of many emergency 
operations in the young, for example, are indeed greater 
than the risks of similar elective operations, but the differ-
ences are small compared with the threefold increase in the 
elderly. With respect to these principles, the elderly need not 
be treated as a separate species but perhaps as a separate 
genus or order within the same larger group of surgical 
candidates.

Although our results have generally improved over the 
years [9], this improvement has not been universal [10] 
(Fig. 20.1), and emergency surgery is still risky (Fig. 20.2). 
So, how do we do better?

Principle I: Clinical Presentation

The clinical presentation of surgical problems in the elderly 
may be subtle or somewhat different from that in the general 
population. This may lead to delay in diagnosis.

Figure 20.1  Operative mortality 
in the national Medicare 
population has declined for some, 
but not all, procedures. Adjusted 
odds ratios (average change in 
mortality) and 95% confidence 
intervals for the 6-year period 
1994–1999. Adjusted for age, 
gender, race, comorbidities, 
admission acuity, income, and 
hospital volume (from Goodney 
et al. [10], reprinted with 
permission from Elsevier).

Figure 20.2  Decline in surgical mortality in elderly over time (emer-
gency always much higher) (from Thomas and Ritchie [9], with permis-
sion from Blackwell Publishing).
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Classic symptoms of appendicitis are present in a minority of 
elderly patients, as few as 26% in Horattas’ series over 
20 years [11] (Table 20.2). Rebound tenderness was present 
in fewer than half the patients in another series [12] and 
leukocytosis in only 42.9% in a third series [13]. Clouding the 
picture further, objective tests may suggest alternative diag-
noses: one in six patients has an elevated bilirubin and one in 
four has signs of ileus, bowel obstruction, gallstones, or renal 
calculus on abdominal radiographs [14]. Even astute diagno-
sis may not prevent perforation, present in 42–60% of elderly 
patients despite operation within 24  h of symptom onset 
[11, 13].

Biliary tract disease is the most common entity requiring 
abdominal surgery in the elderly, yet the diagnosis is often 
delayed. More than one-third of patients with acute chole-
cystitis are afebrile, one-fourth are nontender, and one-third 
are without leukocytosis [15–17]. Cholangitis may appear 
only as fever of unknown origin or as confusion [18]. 
Consequently, the elderly predominate in series of patients 
with complications of biliary disease (gallbladder perfora-
tion, empyema, gangrene, gallstone ileus, and cholangitis) [19], 

and the complication may result in the first apparent 
symptom [16, 20]. Saunders [21] reported that abdominal 
pain was a less prominent symptom and that the bilirubin 

Table 20.2  Classic symptoms of appendicitis are present in a minority 
of elderly patients, resulting in perforation despite expeditious operation

Twenty-year comparison and compilation

Characteristic
1978–1988  
(n = 96)

1988–1998  
(n = 113)

1978–1998  
(n = 209)

Classic presentation (19) 20% (36) 30% (55) 26%
Delayed presentation (>48 h) (32) 33% (36) 30% (68) 33%
Imaging
  AAS (81) 84% (86) 76% (167) 80%
  Sensitivity (22) 27% (22) 25% (44) 26%
  CT (50) 44%
  Sensitivity (45) 90%
Correct admitting diagnosis (49) 51% (52) 46% (101) 48%
Surgery within 24 h (80) 83% (97) 85% (177) 85%
Perforation (60) 72% (58) 51% (127) 61%
Complications (30) 32% (24) 21% (54) 26%
  Those with perforation (25) 83% (15) 72% (40) 76%
Deaths (4) 4% (4) 4% (8) 4%
From Storm-Dickerson [11]. Reprinted with permission from Elsevier

Case Study

This brief case report illustrates several of the six 
Principles of Geriatric Surgery outlined in this chapter.

An 88-year-old man was referred for evaluation and 
treatment of a right lung mass. He had been a cigarette 
smoker for 40 years but quit 25 years prior to evaluation. 
He had fully recovered from a cerebrovascular accident 
8 years before – playing golf several times each week, 
had undergone inguinal herniorrhaphy, and took only 
nifedipine. A chest radiograph ordered because of a nag-
ging cough showed a hazy perihilar density that, on 
computed tomogram (Fig.  20.3), proved to be a 4-cm 
right lower lobe mass. His family physician told him 
that he was too old for surgery, but he and his wife 
wanted another opinion.

Examination showed a tall man with a strong regular 
pulse and blood pressure 140/82  mmHg. Lungs were 
clear, heart without murmur, abdomen benign. Computed 
tomograms showed no adenopathy and no evidence of 
metastatic disease. Pulmonary function was greater than 
100% of predicted. Bronchoscopy was grossly and cyto-
logically unremarkable. After a discussion of risks and 
alternatives, he chose to undergo resection.

Right lower lobectomy was performed for what 
proved to be a 3-cm squamous cell carcinoma with neg-
ative hilar and mediastinal nodes. Stapled vessel and 

bronchial closures were reinforced with sutures. Venous 
compression stockings and monitoring of oxygen 
saturation and cardiac rhythm were maintained over-
night. He had an uncomplicated postoperative course.

He resumed golfing and social life. I saw the patient 
and his wife of 70  years having dinner on Valentine’s 
Day 1 month prior to his death from pneumonia, without 
evidence of cancer, at an age of 92.

Figure 20.3  Computed tomogram of 88-year-old patient with right 
lower lobe cancer.
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level was nearly double in elderly patients presenting with 
bile duct carcinoma, compared with the findings in young 
patients seen during the same time period.

Peptic ulcer disease may present as confusion, malaise, 
anemia, or weight loss as opposed to pain [22]; even with 
perforation pain may be absent or minimal. Rabinovici and 
Manny [23] found a discrepancy between “severe intraoper-
ative findings” and preoperative objective findings such as 
heart rate (mean 88/min), temperature (37.2°C), and white 
blood cell count (10,900/dl). Some have suggested that the 
elderly and possibly their physicians become tolerant over 
the years to abdominal pain, loss of energy, and other symp-
toms, resulting in a delay in diagnosis or an emergency 
presentation. In Mulcahy’s [24] series of patients with 
colorectal carcinoma, for example, elderly patients were 
nearly twice as likely (18%) as younger patients (11%) to 
present emergently. Elderly patients with perforated diver-
ticulitis are three times more likely to have  generalized 
peritonitis at operation than young patients [25].

Gastroesophageal reflux disease in the elderly is less 
likely to cause heartburn and more likely to cause regurgita-
tion or cough (p = 001) [26]. In Pilotto’s study of 840 con-
secutive patients [27], typical heartburn/acid reflux, pain, 
and indigestion were more likely in the young (p < 0.001); 
older patients more often experienced dysphagia, anorexia, 
anemia, or vomiting (p < 0.001 each) or weight loss (p < 0.007) 
(Table 20.3).

Head and neck disease may also present differently in the 
elderly. Sinusitis may lead to subtle signs such as delirium or 
fever of unknown origin [28, 29]; and head and neck cancers 
are less likely to be associated with smoking (p < 0.01) [30] 
and alcohol use (p < 0.001) [30, 31]. Hyperparathyroidism is 
more likely to cause dementia or skeletal complaints and less 
likely to cause renal stones [32]. In Thomas and Grigg’s 
series [33] of patients with carotid artery disease, stroke was 

the most common indication for surgery in octogenarians 
and was the least common indication in younger patients. 
Unstable angina is as likely to present with dyspnea, nausea, 
or diaphoresis as it is with classic chest pain [34].

Even the eureka moments that keep us energized as diag-
nosticians [35] may be “subtler and less electric” [36] in the 
elderly.

The clinician who understands that classic presentations 
of surgical disease occur in a minority of elderly patients will 
maintain the high index of suspicion needed to minimize 
delay in diagnosis.

Principle II: Lack of Reserve

The elderly handle stress satisfactorily but handle severe 
stress poorly because of lack of organ system reserve.

Functional reserve may be considered the difference between 
basal and maximal function (Fig.  20.4); it represents the 
capacity to meet increased demands imposed by disease or 
trauma. Although there is variability among individuals, this 
organ system reserve inexorably declines in one’s 70s, 80s, 
and 90s (Fig. 20.5). With excellent anesthetic and periopera-
tive care, the aged patient may tolerate the stress of even 
complex surgery – particularly if elective – but not the added 
stress of exceptional or emergency surgery.

The elderly patient with lung cancer, like our case report 
patient, can undergo routine pulmonary lobectomy with 
results nearly indistinguishable from those of the general 
population [37, 38], but the added stress of concomitant chest 
wall resection leads to a disparate increase in risk. In Keagy’s 
series [39], the one death and two of the three respiratory 

Figure 20.4  Organ system functional reserve is the difference between 
maximal function and basal function; reserve declines with age (reprinted 
with permission from Muravchick [192], copyright Elsevier 2000).

Table  20.3  Symptoms of gastroesophageal reflux disease may be 
different and more subtle in the elderly

Symptoms

Number (%) of patients

p-value

Group A 
(<65 years) 
(n = 241)

Group B 
(³65 years) 
(n = 63)

Heartburn 209 (86) 45 (47) 0.001
Dysphagia   92 (38) 28 (35) 0.77
Regurgitation 113 (47) 46 (71) 0.001
Chest pain   97 (39) 18 (28) 0.13
Cough   89 (37) 42 (67) 0.001
Response to proton pump 

inhibitorsa

  70 75 0.53

Reprinted with permission from Tedesco [26] © 2006 Massachusetts 
Medical Society. All rights reserved
aPercentage of patients
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failures were in patients who underwent the en bloc chest 
wall resection. An elderly patient, entering the operating 
room with decreased chest wall compliance and strength and 
decreased elastic recoil as a baseline, may tolerate lung 
resection but lacks the reserve to tolerate an extended opera-
tion. Other researchers have reported increased mortality in 
septuagenarians and octogenarians following pneumonec-
tomy, especially right pneumonectomy or completion pneu-
monectomy [40–42].

On the other side of the spectrum, more limited proce-
dures, such as video-assisted thoracic surgery, may decrease 
stress further by preserving respiratory muscle strength [43–
46]. Yim [46] reported no deaths or pulmonary complica-
tions following thoracoscopic surgery in 22 patients over an 
age of 75, 5 with major resections; and Jaklitsch et al. [44] 
found decreased mortality, length of hospital stay, and post-
operative delirium after 307 video-assisted procedures in 
patients aged 65–90 compared with that associated with 
open thoracotomy. Video-assisted pulmonary lobectomy in 
half of a group of elderly lung cancer patients resulted in 
fewer complications (p = 0.04) and decreased length of stay 
(p < 0.001) compared with the half who underwent open 
(thoracotomy) lobectomy [47]. Patel et  al. [48] reported 
shorter hospitalization and similar late outcomes following 
endovascular thoracic aortic procedures in patients greater 
than 75 years, compared with open procedures.

Left ventricular functional reserve assumes critical impor-
tance in elderly patients undergoing cardiac surgery. In gen-
eral, results in the elderly diverge from those of young age 
groups only in the worst functional classes. Bergus et  al. 
[49], for example, found that the length of stay following 
aortic valve replacement was significantly longer (p < 0.05) 

in septuagenarians in New York Heart Association class IV 
but not in class III, compared with patients under the age of 
70. Patients over an age of 75 in Salomon’s large series [50] 
had significantly higher mortality after coronary artery 
bypass grafting if they had suffered a myocardial infarction 
less than 3 weeks preoperatively compared with more than 
3 weeks (14.1 vs. 5.2%); there was much less difference in 
patients younger than age 75 (3.5 vs. 2.3%). When patients 
over an age of 70 undergo a third coronary reoperation, only 
those in the worse Canadian Functional Class experience 
increased mortality, an increase not seen in young patients in 
a similar class [51]. Elayda et al. [52] reported that mortality 
for isolated aortic valve replacement in patients over an age 
of 80 was acceptable (5.2%), but addition of concomitant 
procedures increased this figure significantly (27.7%).

Similar findings pertain to major abdominal surgery. 
Fortner and Lincer [53] found that the increased number of 
deaths among elderly patients undergoing hepatic resection 
for liver cancer were nearly all in the extended-resection 
group (i.e., extended right hepatectomy or trisegmentec-
tomy), among whom 60% of deaths were due to hepatic 
insufficiency. In another group of hepatic resections done for 
metastatic colon cancer, where cirrhosis and functional 
hepatic reserve are less important factors, there was no dif-
ference in mortality between young and old patients [54]. 
Even the addition of common duct exploration to open chole-
cystectomy significantly increased mortality in the elderly 
(3.5 vs. 1.8%, p < 0.05) [55]. For some oncology cases (e.g., 
gastric cancer and lung cancer), a more limited operation in 
the elderly need not decrease survival [56–59].

The elderly can return to normal function after stressful 
operations (such as colectomy and hepatectomy), but after 

Figure 20.5  Lack of reserve: with increasing age cardiac function is 
maintained at rest but not under stress. Linear regression at rest and 
during maximal cycle ergometry in healthy sedentary men (solid lines) 

and women (dotted lines). All subjects are healthy, community-dwelling 
volunteers screened to exclude hypertension and occult coronary artery 
disease (reprinted with permission from Lakatta [193]).
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the most stressful operations (such as Whipple pancreati-
coduodenectomy) it will take longer [60] (Fig. 20.6).

With modern anesthetic and critical care management, an 
elderly patient can tolerate the stress of even complex opera-
tions. However, if the most extended procedures are contem-
plated, a comprehensive preoperative evaluation of functional 
reserve is recommended.

Principle III: Preoperative Preparation

Optimal preoperative preparation is essential because of 
Principle II. When preparation is suboptimal the periopera-
tive risk increases.

A patient’s advanced age is immutable but some factors can 
be improved preoperatively, with benefits in excess of those 
to a younger patient. No universal threshold of blood hemo-
globin applies to every patient, but correction of anemia and 
dehydration do assume greater importance in the elderly 
because of their general lack of reserve and particularly the 
physiology of the aged heart and kidney. Among the predic-
tors of an overall good postoperative course in Seymour’s 
series of 288 elderly general surgery patients were a hemo-
globin level of more than 11.0 g/dl and absence of volume 
depletion [61]. Contrary to this, Dzankic found that routine 
blood testing in the elderly surgical patient rarely showed 
abnormal results and even when abnormal did not correlate 
with adverse postoperative outcome [62].

Few would argue that pulmonary problems are among the 
most common perioperative complications in the elderly, in 
part due to decreased respiratory muscle strength. Nomori 
et al. [45] showed that following thoracotomy patients older 
than 70  years experience significant reductions in both 
maximum inspiratory and expiratory pressures, unlike their 
younger counterparts; this effect persists for 12  weeks 

(Fig. 20.7). Although few data exist to support the routine 
use of preoperative pulmonary conditioning or rehabilita-
tion, most authors strongly advocate smoking cessation [63] 
and treatment of bronchitis and reactive airways disease such 
as asthma [64, 65]. Prophylaxis against deep vein thrombosis 
(DVT), clearly a risk in the elderly [66], and against pulmo-
nary embolism should be routine [67].

The value of preoperative optimization of cardiac func-
tion (e.g., via placement of a pulmonary artery catheter) 
is controversial. Some authors have shown clear benefit 
[68], whereas others [69, 70], citing methodologic flaws in 

Figure  20.6  Return to activities of daily living after major surgery 
(function returns rapidly after stressful operations but not the most 
stressful, speaking to lack of reserve). From Lawrence et  al. [60], 
reprinted with permission from Elsevier.

Figure 20.7  Postoperative changes in mean (a) maximum inspiratory 
pressure (MIP, percent of preoperative level) and (b) maximum expira-
tory pressure (MEP, percent of preoperative level) following pulmonary 
resection in 36 patients younger than 69 years (open circles) and 12 
patients older than 70 years (closed circles). From Nomori et al. [45], 
reprinted with permission from Elsevier).
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the former studies, reported no reduction in perioperative 
morbidity or mortality. These studies do not include excep-
tionally high risk or very elderly patients, who could well 
be helped by such treatment. Another unsettled issue con-
cerns the value of aggressive preoperative screening for 
coronary and carotid artery disease, particularly in patients 
scheduled for peripheral vascular surgery. Leppo [71] 
considered age over 70 years to be one of the several risk 
factors (the others being a history of angina, congestive 
heart failure, diabetes mellitus, prior myocardial infarction, 
and ventricular ectopy) that should trigger further cardiac 
assessment. Echocardiogram and dobutamine stress testing 
have been shown to bear incremental value over clinical 
evaluation [72] (Fig. 20.8).

There is some evidence that performance testing may 
hold value. Maximal oxygen consumption (VO

2
 Max) tests 

may not be readily available in all hospitals, but reasonable 
surrogates – stair climbing [73, 74], shuttle walk [75], long 
distance corridor walk [76], metabolic equivalent (MET) – 
have been shown to correlate. Weinstein [77] reported pro-
longed length of stay following thoracic cancer surgery in 
those patients with METs £4 (equating to calisthenics or 
walking briskly). The International Society of Geriatric 
Oncology has studied a standardized Preoperative Assessment 
in Elderly Cancer Patient (PACE); postoperative complica-
tions were associated with poor preoperative performance 
status and lower score on Instrumental Activities of Daily 
Living but major complications correlated only with 
American Society of Anesthesiologists (ASA) Physical 
Status £2 [78] (Table  20.4). However, as Internullo et  al. 
recently concluded that “a practical and reliable individual 
risk assessment tool is still lacking” [79].
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Figure  20.8  Incremental value of echocardiogram and dobutamine 
stress echocardiogram (DSE) over clinical evaluation for the prediction 
of cardiac events (a) and all-cause mortality (b) in the elderly (from 

Biagini et  al. [72], reprinted with permission from the American 
Gerontological Society of America).

Table 20.4  Univariate 
association between components 
of preoperative assessment of 
cancer in the elderly (PACE) 
with 30-day morbidity (any and 
major complication) adjusted  
for age, sex, type, and stage of 
cancer and severity of surgery

Component of PACE

Any complication Major complication

RRa 95% CI RRa 95% CI

MMS abnormal (<24) 1.23 0.81–1.88 1.08 0.48–2.44
ADL dependent (>0) 1.41 0.95–2.10 1.87 0.95–3.69
IADL dependent (<8) 1.43 1.03–1.98 1.65 0.88–3.08
GDS depressed (>4) 1.30 0.93–1.81 1.69 0.93–3.08
BFI mod/severe fatigue (>3) 1.52 1.09–2.12 1.24 0.67–2.27
ASA abnormal (³2) 1.00 0.73–1.38 1.96 1.09–3.53
PS abnormal (>1) 1.64 1.07–2.52 1.97 0.92–4.23
Satariano’s index (1) 1.11 0.78–1.59 1.29 0.68–2.44
Satariano’s index (2+) 1.58 0.88–2.85 1.95 0.74–5.18
From Audisio [78]. Reprinted with permission from Elsevier
MMS mini mental status, ADL activities of daily living, IADL instrumental activities of daily living, 
GDS geriatric depression scale, BFI brief fatigue inventory, ASA American society of anesthesi-
ologists physical status, PS eastern cooperative oncology group performance status
aBold italics represent significant relationship (p < 0.05)



242 M.R. Katlic

Preoperative antibiotics are not necessary for every type 
of elective surgery, but researchers agree that advanced age 
is a risk factor for nosocomial infection. Iwamoto et al. [80] 
studied 4,380 patients who underwent general anesthesia for 
thoracic, abdominal, or neurologic surgery and concluded 
that advanced age is a risk factor for nosocomial pneumonia, 
especially after thoracic surgery. Age greater than 70 years 
has been shown to be a risk factor for both positive bile cul-
tures (p < 0.001) [81] and septic complications of biliary sur-
gery compared with younger patients [82]; antibiotic 
prophylaxis can reduce these complications [83].

Efforts to improve our elderly patients’ preoperative nutri-
tional state would seem desirable – even active, community-
dwelling older adults manifest impaired recovery of strength 
after major surgery [84] – but it is unclear how to do this. Low 
levels of serum albumin, for example, correlate strikingly 
with postoperative problems [85] (Fig. 20.9), but cannot be 
improved to a great degree preoperatively. Souba [86] 
reviewed the literature on nutritional support and concluded 
that preoperative support should be reserved for severely mal-
nourished patients scheduled to undergo major elective sur-
gery and then should be provided for no more than 10 days.

In addition to those already cited, a number of surgeons 
have attributed their improved results in elderly patients to 
compulsive preoperative preparation. Bittner et  al. [87] 
believed that the significant decrease in mortality after total 

gastrectomy in septuagenarians (32% in 1979 to 4.4% in 
1996) was the result of standardized perioperative antibiot-
ics, thromboembolic prophylaxis, “a systemic analysis of 
risk factors and their thorough preoperative therapy,” and 
nutritional support for the malnourished. Our presented 
patient was neither anemic nor an active smoker; he received 
preoperative antibiotics and perioperative DVT prophylaxis.

Hypovolemia is tolerated poorly by the elderly patient 
and it must be corrected. Smoking should be stopped. 
Treating other correctable aberrations such as anemia, 
bronchitis, and hypertension preoperatively increases the 
elderly patient’s chance for a smooth postoperative course.

Principle IV: Emergency Surgery

The results of elective surgery in the elderly are reproduc-
ibly good; the results of emergency surgery are poor though 
still better than non-operative treatment for most conditions. 
The risk of emergency surgery may be many times that of 
similar elective surgery because of Principles II and III.

The results of elective surgery in the elderly are good, 
frequently indistinguishable from the results in younger 
counterparts [88–90]. Coyle [91] reported the results of 
carotid endarterectomy in 79 octogenarians and summarized 
the results of five other series (634 total patients); mortality 
and morbidity were similar to those in a younger cohort. 
Maehara et al. [92] had 0% operative mortality in 77 patients 
over an age of 70 who underwent resection of gastric carci-
noma, and Jougon’s [93] results for esophagectomy in 89 
patients of age 70–84 years were identical to those in 451 
younger patients. Our 88-year-old patient with lung cancer 
could anticipate mortality and survival after pulmonary 
lobectomy statistically identical to that of younger patients 
with similar stage disease [64, 88, 94–96]. Identical opera-
tions performed emergently in the elderly, however, carry at 
least a threefold (and as much as a tenfold) increased risk 
[97] (Fig.  20.10). Keller [98], for example, reported 31% 
morbidity and 20% mortality in 100 patients over an age of 
70 who underwent emergency operations, which is signifi-
cantly more (p < 0.0005) than the 6.8% morbidity and 1.9% 
mortality following elective operation in 513 similar patients. 
Elective cholecystectomy can be performed in young and old 
patients with the risk of death approaching 0% [20, 99, 100]; 
the risk of mortality for emergency cholecystectomy increases 
somewhat in the younger group (1–2%) but increases greatly 
in the elderly (5–15%) [20]. Surgical priority clearly affects 
cardiac surgery risk [101, 102]. Elective operative mortality 
for colorectal surgery is as low as 1.5–3.0%, rising to over 
20% for emergency operation [103, 104].

A patient’s advanced age therefore weighs in favor of 
commencing rather than deferring needed elective surgery.

Figure 20.9  Preoperative albumin level and major postoperative com-
plications (from Kudsk et al. [85], reprinted with permission from the 
American Society for Parenteral and Enteral Nutrition).
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Principle V: Attention to Detail

Scrupulous attention to detail intraoperatively and periopera-
tively yields great benefit, as the elderly tolerate complica-
tions poorly (because of Principle II).

Perioperative blood loss is the bete noire of geriatric surgery, 
as the elderly lack the responsive compensatory mechanisms 
necessary to restore equilibrium. Fong et al. [54] reported that 
the only independent predictor of postoperative complica-
tions in 138 patients over an age of 70 who underwent pancre-
atic resection was intraoperative blood loss exceeding 2  l. 
This finding has been mirrored in reports from cardiac sur-
gery and neurosurgery. Sisto et al. [105] reported that 6 of 23 
octogenarian coronary bypass patients who required 
reexploration for tamponade died; Logeais et al. [106] found 
that reoperation for tamponade following aortic valve replace-
ment placed the elderly patient at high risk for mortality 
(p < 0.001). Hemostasis is exceptionally important in the 
elderly craniotomy patient, possibly because the elderly brain 
is less likely to expand to obliterate dead space. Maurice-
Williams and Kitchen [107] reported that postoperative bleed-
ing following resection of meningioma occurred in 20% of 46 
elderly patients and 0% of 38 young patients (p < 0.05).

Meticulous surgical technique is important in any patient, 
but it becomes crucial in those of advanced age. Anastomotic 
leak after esophageal or gastric resection, a dreaded compli-
cation in any patient, embodies an exceptional risk of mortal-
ity in the elderly [108]; yet this complication can be minimized 
by careful technique [109, 110]. Only one of Bandoh’s [111] 
elderly patients who underwent gastrectomy for cancer expe-
rienced a leak, as did only 2 of 163 patients over an age of 70 
in Bittner’s series [87]. Despite having significantly greater 
preoperative comorbidity, the elderly patients undergoing 
gastrectomy in Gretschel’s series experienced no greater 

postoperative morbidity [57]. The elderly cardiac surgery 
patient may benefit from extra care when they have a calci-
fied aorta (e.g., intraoperative ultrasound or modified 
clamping and cannulation technique) or a fragile sternum 
(e.g., additional or pericostal wires) [112]. Operative speed is 
less important than technique: in Cohen’s series of 46 nona-
genarians undergoing major procedures [7], the duration of 
operation did not correlate with mortality.

Perioperative monitoring is more important in the elderly, 
since they may manifest few signs or symptoms of impend-
ing problems (see Principle I above). Bernstein [113] credits 
intensive hemodynamic monitoring in his lack of mortality 
among 78 patients over an age of 70 who underwent abdomi-
nal aortic aneurysmectomy. Such monitoring and intensive 
care were also emphasized by Alexander et  al. [3], who 
reported excellent results for 59 octogenarians having major 
upper abdominal cancer operations, and by Lo [114] for 85 
elderly patients undergoing adrenal surgery at the Mayo 
Clinic. Giannice [115] credits attention to perioperative care 
(DVT prophylaxis, antibiotics, monitoring, respiratory care, 
pain management, and early mobilization) for his group’s 
improved recent results in gynecologic oncology patients. 
Our case report patient had reinforcement of vascular and 
bronchial closures in addition to compulsive hemostasis and 
minimization of parenchymal air leaks. He was monitored 
postoperatively. If he had developed an atrial arrhythmia, it 
would have been aggressively treated; if he had developed 
tracheobronchial secretions, he would have promptly under-
gone therapeutic bronchoscopy.

We should continue to teach the surgical aphorism, 
“Elderly patients tolerate operations but not complications” 
(Table 20.5).

Figure  20.10  Elective vs. emergency surgery in the elderly (from 
Thomas and Ritchie [9], reprinted with permission of Blackwell 
Publishing).

Table  20.5  Importance of postoperative complications in failure of 
octogenarians to return to normal function following major abdominal 
surgery

All cases Odds ratio 95% confidence interval

Emergency operation 2.7 0.99–7.24
ASA III or IV 1.0 0.29–3.56
Comorbidity index >5 1.8 0.48–6.66
Dependence on activities of 

daily living
1.8 0.42–7.73

Preexisting cardiac disease 1.9 0.69–5.44
Preexisting chronic pulmonary 

disease
2.0 0.54–7.47

Preexisting cerebrovascular 
disease

2.0 0.43–9.06

Development of postoperative 
complications

24.5 3.08–194.88

Elective cases only
Comorbidity index >5 11.2 1.08–116.26
Development of postoperative 

complications
10.6 3.08–194.88

From Tan et  al. [108]. Reprinted with permission from Springer 
Science + Business Media
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Principle VI: Age is a Scientific Fact

A patient’s age should be treated as a scientific fact, not with 
prejudice. No particular chronologic age, of itself, is a con-
traindication to operation (because of Principle IV).

Great biologic variability exists among the elderly, with 
some octogenarians and nonagenarians proving to be health-
ier than their sons and daughters. Even our 88-year-old 
patient has a life expectancy exceeding 4 years [116, 117], so 
why not offer him resection of his lung cancer? No other 
treatment is likely to give him those 4  years. Yet even in 
2005, this does not always happen: prejudice against the 
elderly, so-called “ageism” exists.

Despite the fact that elderly patients treated for lung cancer 
have survival equal to their younger matched counterparts, 
Nugent et  al. [118] found that patients older than 80  years 

were significantly less likely (p < 0.05) to be treated surgically. 
Kuo et al. [119] similarly reported that octogenarian patients 
with lung cancer were more likely (p < 0.01) to receive only 
palliative care; when offered chemotherapy they tolerate it 
[120]. Elderly patients with ovarian cancer are less likely to 
undergo aggressive chemotherapy and surgery [121, 122], 
despite results equal to the young [123]. Older women with 
breast cancer were less likely to have had screening mammo-
grams [124, 125] and were more likely to present in advanced 
stages than younger women [125]; once diagnosed, they toler-
ated surgery well [126, 127]. Guadagnoli et al. [128] presented 
evidence against ageism in the treatment of early breast can-
cer, but Hebert-Croteau et al. [129] found that only the use of 
tamoxifen was similar in women over and under an age of 70 
(p < 0.41), while all other treatments (breast-conserving sur-
gery, radiotherapy, axillary node dissection, and chemother-
apy) differed significantly (p < 0.0001). When elderly patients 
do receive chemotherapy for breast cancer they tolerate it 
[130] and they benefit from it [131]. Elderly patients with 

colon cancer are less likely to undergo extensive lymph node 
dissection (p < 0.0001) [132]. Selection bias in the elderly may 
also lead to delay in referral for abdominal aortic aneurysm 
surgery [133] and coronary artery bypass surgery [134].

Some studies do report increased operative mortality [97, 
135, 136] (Fig. 20.11), increased complications [137, 138] 
(Fig.  20.12), and increased lengths-of-stay in the elderly 
[139–143], but overall results do not differ from the young 
for a wide variety of procedures: neurosurgery [107, 144], 
head and neck surgery [30, 145, 146], carotid endarterec-
tomy [147, 148], cardiac surgery [52, 112, 134, 149–153], 
esophagectomy [79, 93, 109, 154–156] (Fig.  20.13), 
gastrectomy [3, 92, 157, 158] (Fig. 20.14), colectomy [159–161] 
(Fig.  20.15), hepatectomy [54, 162–165] (Fig.  20.16), 
pancreaticoduodenectomy [54, 166, 167], radical hysterectomy 
[168], total knee/hip replacement [169–171], microvascular 
free tissue transfer [172], cardiac transplant [173], lung 

Figure 20.11  Linear logistic 
regression analysis of mortality 
rate by age as a continuous 
variable for all in-hospital deaths 
and any death within 2 months of 
esophagectomy (reprinted with 
permission from Moskovitz et al. 
[136], copyright Elsevier 2006).

Figure 20.12  Early postoperative neurologic complications after coro-
nary artery bypass surgery and valve surgery in octogenarians (RIND 
reversible ischemic neurological deficit) (from Ngaage et  al. [137], 
reprinted with permission from Elsevier).
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Figure 20.13  Esophagectomy following neoadjuvant chemoradiation. 
Kaplan–Meier survival curves (including postoperative deaths) plotted 
for patients age <70 vs. ³70 years (from Ruol et  al. [156], reprinted 
with permission from Springer Science + Business Media).

Figure 20.14  Surgical outcome in elderly (³75 years) and middle-aged 
(45–65 years) patients with gastric cancer (from Kunisaki et al. [158], 
reprinted with permission from Elsevier).

Figure 20.15  Cancer-specific survival of elderly and younger patients 
treated for mid-to-distal colorectal cancer (p = 0.061), n = 612 (from 
Law et  al. [161], reprinted with permission from Springer 
Science + Business Media).

Figure  20.16  Major hepatectomy. Overall survival for patients 
³70  years (solid line) and <70  years (dashed line), p = 0.89; n = 517 
(from Menon et al. [165], reprinted with permission from Elsevier).

transplant [174], endovascular surgery [175], gastric bypass 
[176], laparoscopic colectomy [177], and hernia [178]. 
Return to preoperative quality of life (QOL) is gratifying 
after elective surgery for gastric or colorectal surgery [179], 
joint replacement [171], thoracic aneurysm [180] (Fig. 20.17), 
and aortic valve replacement [181, 182] (Fig. 20.18).

For most patients, general medical condition and associ-
ated medical problems are more important than age. Dunlop 
et al. [183] studied 8,889 geriatric surgical patients in Canada 
and concluded that severity of illness on admission was a 

much better predictor of outcome than was age; Akoh et al. 
[184] had similar findings in 171 octogenarians undergoing 
major gastrointestinal surgery. Comorbidities were a greater 
influence on survival than age in several series of elderly 
patients with lung cancer [37, 38, 185]. Mehta et al. [186] 
reported that separation of mitral valve replacement patients 
into low-, medium-, and high-risk medical groups was more 
important than stratification by age within these three groups. 
Within the American Society of Anesthesiologists Physical 
Status system [187], the ASA status influences results more 
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than age (Fig. 20.19). For elderly patients undergoing sur-
gery for cancer, the stage of malignancy also influences out-
come more than age [38, 188–191].

Many geriatric surgery patients, including nonagenarians, 
have survival rates equal to those expected in the general 
population; even the sobering results of emergency surgery 
in the elderly are better than the results of nonoperative treat-
ment for the same conditions. A patient’s age should there-
fore be considered but not feared.

Figure 20.19  Probability of a major postanesthesia complication based 
on age and the American Society of Anesthesiologists Physical Status 
(ASA) system (reprinted with permission from Muravchick [194]).

Figure 20.18  Scores for the domains of the Medical Outcomes Survey 
Short-Form 36 Health Survey following aortic valve replacement in 
octogenarians; biologic (open boxes) and mechanical (filled boxes) 
valve prostheses; n = 345 (reprinted with permission from de Vincentiis 
et al. [181], copyright Elsevier 2008).

Figure  20.17  Return to normal functional activity after thoracic 
aneurysm repair depending on age: <70  years (solid circles) and 
³70 years (open circles); n = 110 (from Zierer et al. [180], copyright 
Elsevier 2006).

Case Study: Follow-Up

Following his death, our patient’s wife wrote me this 
note: “Dear Dr. Katlic – on 3/2/99 you removed part of 
Bob’s lung – on 3/1/03 he died of pneumonia – four 
lovely years – he played golf was independent and happy 
(Fig. 20.20). I was with him when he died and he was 
peaceful and in no pain. I am grateful to you for every 
moment of those four ‘extra’ years.”

Figure  20.20  Eighty-eight-year-old man following right 
lower lobectomy for lung cancer. “I am grateful to you for 
every moment of those four ‘extra’ years”.
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Conclusion

Surgical problems abound in the elderly and the numbers of 
elderly are increasing worldwide. Surgeons must become 
students of the physiologic changes that occur with aging 
and, guided by a few general principles, apply this knowl-
edge to daily clinical care. The results of surgery in the 
elderly do not support prejudice against advanced age. We 
owe it to our elders to become good geriatric surgeons and 
in so doing we will become better surgeons to patients of 
all ages.
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Introduction

Models of care addressing the unique needs of older 
hospitalized patients can be traced to the comprehensive 
geriatric assessment (CGA) programs first developed in the 
1970s [1]. CGA programs screen older patients at high risk 
for geriatric-specific problems, assess for modifiable risk 
factors, and implement evidence-based strategies consistent 
with the patient’s treatment goals. Over the last 30 years 
changes in the health-care system, coupled with the increas-
ing older adult population, has led to development of several 
geriatric models of care across all health-care settings. In 
general, the goals of these geriatric models of care in the 
hospital focus on (1) prevention of complications that occur 
more commonly in older adults and (2) address hospital fac-
tors that contribute to complications. This chapter provides a 
brief overview of complications that are more frequently 
found in older patients, care delivery issues that are addressed 
by geriatric models of care and a description of the most 
commonly employed hospital models.

Complications of Older Hospitalized Patients

Although patients aged 65 and over represent about 13% of 
the US population, they account for 40% of those undergo-
ing surgical procedures in American hospitals [2]. In addi-
tion to the high proportion of older patients, the most 
troublesome finding is that older patients also represent a 
higher complication rate for certain conditions which subse-
quently lead to higher health-care costs. Age may be viewed 
as a proxy for multiple chronic diseases. Postoperative 
complications that are known determinants of short 
and long-term survival following major surgery such as 

myocardial infarction and sepsis are associated with age due 
to the increased likelihood of co-morbidities such as cardiac 
disease [3].

Older adults are more likely to experience additional 
types of complications that, in addition to reducing survival, 
can result in loss of independence and lead to hospital read-
mission, increased usage of rehabilitation services, and new 
placement in a nursing home. Physical frailty and cognitive 
impairment [4–6] (either chronic dementia and/or delirium) 
can further compound an older person’s vulnerability to 
complications during hospitalization [7, 8]. Frailty refers to 
“decreased reserves in multiple organ systems” [9] that is 
highly associated (after controlling for age, race, sex, and 
comorbid illness) with an increased risk for falls, cardiovas-
cular disease, hypertension as well as reduced mobility, 
decreased functional status, institutionalization, and death 
(see Chap. 10) [10, 11].

Persons with dementia are more prone to negative out-
comes related to disease management and hospitalization. 
Older patients with dementia hospitalized for exacerbation 
of a chronic disease have significantly longer lengths of hos-
pital stays (LOS) as compared to older patients without 
dementia. For example, the LOS of older patient with COPD 
is 121 days/1,000 persons as compared to older patients with 
both COPD and dementia, who have a LOS of 361 days/1,000 
persons [12]. For those who develop delirium (for both those 
with and without an underlying chronic dementia) during 
hospitalization, increased LOS and higher hospital costs is 
well documented [13]. The complex challenges of those 
adult patients with cognitive impairment are often not ade-
quately addressed. Table 21.1 provides examples of common 
behaviors of cognitively impaired persons that can lead to 
complications.

Although geriatric models of care can improve the overall 
outcomes and experiences of hospitalization, in general, 
these programs are designed to target those adverse events 
that occur more commonly in older patients. Table 21.2 pro-
vides a summary of these complications and the clinical and 
cost outcomes associated with these complications. These 
complications are often referred to as “geriatric syndromes” 
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which refer to “clinical conditions in older persons that do 
not fit into discrete disease categories.” [14]

A US congressional mandate instituted on August 1, 
2007 significantly changed the Inpatient Prospective 
Payment System that the Centers for Medicare & Medicaid 
Services (CMS) use to reimburse hospitals [15–17]. As of 
October 2008, hospitals will no longer receive payment for 
eight hospital-acquired conditions; three of these eight are 
complications that are known to occur most frequently in 
older inpatients and have been found to be reduced when 
geriatric models of care are employed [18]. These three 
complications (fall-related injury, pressure ulcer, and cathe-
ter-associated urinary tract infection) are among the six 
adverse events or complications specifically associated with 
hospitalization of older adults. Although there are other 
geriatric syndromes (e.g., incontinence) and other potential 
complications associated with older inpatients (e.g., sleep 
deprivation, inadequate pain management, dehydration, 
adverse drug effects), many of these syndromes and compli-
cations are either risk factors or outcomes of the following.

Functional Decline

Functional decline refers to the loss of the ability to perform 
basic activities of daily living (ADL). A systematic review of 30 
studies examining correlates of functional decline found that 
between 15 and 76% of hospitalized elders experience dimin-
ished performance in at least one ADL at discharge [19]. Of 
those with decline at discharge, only half will recover function 
at 3 months postdischarge, and, for many, this decline will result 

in permanent loss of independent living [20, 21]. Functional 
decline is considered a “profound marker of morbidity and 
mortality” [22, 23] resulting in longer lengths of stay, greater 
costs and increased rate of nursing home placement [24]. Among 
the ADLs, the ability to walk independently is considered the 
most critical in predicting health outcomes. Functional Mobility 
Decline, defined as new walking dependence, is associated with 
poor posthospitalization outcomes such as discharge to a nurs-
ing home, continued impaired mobility and higher mortality 
rates [25]. The incidence of functional mobility decline occurs 
in 15–59% of hospitalized elders [26]. For older hip fracture 
patients, especially those with cognitive and affective disorders, 
there is a greater risk of functional decline and new nursing 
home placement [27, 28].

Fall-Related Injury

Roughly 2–5% of older adults fall during hospitalization [29]. 
The number of falls per 1,000 patient days is highest in hospi-
tal units admitting mostly older adults such as geropsychiatry, 
rehabilitation, and geriatric medicine. Among hospitalized 
older adults, falls from bed account for approximately one-
third of all falls. Almost one-third of all fall-related injuries 
occur among persons 85 years of age or older. Approximately 
3–10% of falls happening in hospitals result in either serious 
or minor injuries [30]. Hip fractures, occurring in about 1–4% 
of hospital falls are particularly significant because older 
adults are more likely to suffer from a substantial decline in 
physical functioning and often require longer periods of active 
rehabilitation services as compared to younger persons [31].

Table 21.1  Behaviors of cognitively impaired patients contributing to high complication rate

Behaviors Example Potential complication

Inability to follow  
directions

Does not use call bell to ask for assistance  
and gets out of bed without needed  
assistance

Fall-related injury

Removal of treatments Pulls out central lines Hemorrhage
Infection
Physical restraints and associated complications

Not able to communicate  
needs

In pain but not able to verbally  
communicate this to nurse

Functional decline

Wandering Leaves unit and exits hospital in gown Hypothermia
Other injuries
Use of physical and chemical restraints that increase 

likelihood of delirium, falls, fall-related injury, nutritional 
problems

Misinterprets visual and  
auditory cues

Resists staff attempts to assist the patient  
to get out of bed which is perceived as an 
assault and then hits staff

Agitation-related injury
Overuse of psychoactive medication that increase likelihood 

of delirium, falls, and fall-related injury

Decreases inhibition of  
inappropriate behaviors

Removes clothing and walk down  
hallway nude

Agitation-related injury
Overuse of psychoactive medication that increases likelihood 

of delirium, falls, and fall-related injury
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Undernutrition/Malnutrition

Undernutrition and malnutrition are deficiency syndromes 
caused by inadequate intake or absorption of macronutrients. 
Malnutrition has long been associated with important adverse 
outcomes, such as increased morbidity and mortality and 
decreased quality of life. Weight loss and hypoalbuminemia 
are both strongly correlated with increased mortality in ill 
adults [32]. Body weight and body composition have impor-
tant implications for physical functioning of older persons 
and the prevalence of malnutrition in older hospitalized 
patients has been estimated to be between 40 and 60% [33].

Pressure Ulcers

Pressure ulcers continue to present a major health problem 
for hospitalized adults with reported nosocomial incidence 
rates between 0.4 and 38% [34]. Pressure ulcers are highly 
correlated with age [35]. At least a fifth of pressure ulcers 
will progress to a more advanced stage of deterioration. Most 
ulcers develop in the sacrum and coccyx areas with rates 
higher in patients with mobility impairment. Pressure ulcers 
remain a major cause of morbidity and are associated with 
longer lengths of hospital stay. Nosocomial pressure ulcers 
and their progression in severity during hospitalization have 
been used as a quality care indicator [36].

Urinary Tract Infection

Approximately 4% of patients with urinary tract infection 
(UTIs) will develop bacteremia which is known to significantly 
increase in length of stay and is associated with higher mortal-
ity in older patients [37]. The major care-associated practice 
leading to UTI in older inpatients is the overuse of urinary cath-
eters, defined as catheter use for longer than 2 days [38]. 
Catheter-associated urinary tract infection (CAUTI) is the most 
common nosocomial infection [39]. A study using a random 
sample of almost 36,000 Medicare patients undergoing major 
operations from 2,965 US hospitals reported that 86% had 
perioperative indwelling urinary catheters and among these 
50% had catheters for longer than 2 days postoperatively. These 
patients’ risk of developing a urinary tract infection was twice as 
likely compared to patients with catheterization [40]. Among 
another sample of approximately 39,000 Medicare patients 
undergoing major surgery who were discharged to a nursing 
home it was found that those patients discharged with catheters 
were at higher risk for rehospitalization for UTI and death 
within 30 days than patients who did not have catheters [41]. 

In  addition to infection, catheter use is associated with 
immobility, delirium, and pain [42].

Delirium

Delirium, a transient state of cognitive impairment, may 
develop in both cognitively intact and impaired older adults. It 
is estimated that between 14 and 24% of older persons are 
admitted to the hospital with delirium, and an additional 
6–56% of hospitalized elders will develop delirium during 
their hospitalization replace especially if they are admitted to 
an ICU [43]. Postoperative delirium is more likely to occur 
following hip fracture, cardiac, non-cardiac thoracic, aortic 
aneurysm, and abdominal surgery. Postoperative delirium is 
more likely in those deemed vulnerable. Patient vulnerability 
including presence of previous brain pathology, decreased 
ability to manage change, impaired sensory function, multiple 
co-morbidities and changes in pharmacodynamic responses to 
medications, are all suggested possible causes for delirium. In 
surgical patients both preoperative (use of narcotic analgesics, 
history of alcohol abuse and depression) and perioperative 
(greater intraoperative blood loss, more postoperative transfu-
sions, postoperative hematocrit less than 30%, and severe 
postoperative pain) risk factors have been identified for delir-
ium postoperatively [44]. Additionally, hospital practices that 
lead to iatrogenic events including use of physical restraints, 
malnutrition, more than three medications and urinary cathe-
terization are also significantly associated with delirium [45]. 
There are no significant differences in incidence of postopera-
tive delirium following general vs. epidural anesthesia.

Despite high incidence, most delirium goes undetected [46, 
47] thus contributing to many negative consequences. Delirium 
is associated with poor hospital outcomes such as higher mor-
tality rates, increased length of hospital stay, increased inten-
sity of nursing care, greater health-care costs as well as 
increased risk of several adverse outcomes after discharge, 
including functional decline, persistent cognitive impairment, 
rehospitalization, and nursing home placement [48].

The occurrence of each of these complications leads to 
interventions that can often prolong the hospital stay. Following 
hospital discharge, they frequently contribute to death, institu-
tionalization as well as disproportionately high rehospitaliza-
tion rates, high emergency department usage, and increased 
need for rehabilitation therapy services. As illustrated in 
Table 21.2, the interrelationships among these various compli-
cations during hospitalization is obvious and also well docu-
mented [12]. The data supporting the importance of prevention, 
early detection, and treatment of these complications in older 
surgical patients is described in the ACOVE (Assessing Care 
of Vulnerable Elders) report, Quality Indicators for 
Hospitalization and Surgery in Vulnerable Elders [49].
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Table 21.2  Complications in the older surgical patienta

Complication Hospital factorsb Clinical outcome Cost implications

Functional decline •	 Immobility
•	 Bed rest without medical/surgical 

indication
•	 Physical restraint
•	 Inappropriate medication 

prescribing
•	 New psychoactive drug use
•	 Obstacles in the hospital physical 

environment

•	 Reduced/loss of independence in  
function (activities of daily living)

•	 Reduced/loss of ambulation
•	 Pain
•	 Increased rate of pressure ulcers, falls, 

fall-related injuries, and development of 
contractures

•	 Longer length of stay (LOS)
•	 Increased rate of institutional 

or home-based rehabilitation
•	 Nursing home placement

Fall-related injury •	 Immobility
•	 Physical restraint
•	 Inappropriate medication 

prescribing
•	 New psychoactive drug use
•	 Obstacles in the hospital physical 

environment

•	 Pain
•	 Fracture requiring surgical intervention
•	 Reduced/loss of independence in function 

(activities of daily living)
•	 Reduced/loss of ambulation

•	 Medicare will not pay for 
treatmentc

•	 Surgery
•	 Longer LOS
•	 Institutional or home-based 

rehabilitation
•	 Nursing home placement

Under/malnutrition •	 Immobility
•	 Inattention to oral care
•	 Lack of feeding assistance for  

those with physical or cognitive 
impairments

•	 Reduced wound healing
•	 Discomfort due nasogastric tube  

placement
•	 Percutaneous enteral access procedures 

(gastrostomy)
•	 Delirium
•	 Physical restraint to prevent tube removal
•	 Aspiration
•	 Functional decline

•	 Longer LOS
•	 Surgery
•	 Institutional or home-based 

enteral nutrition therapy

Pressure ulcer •	 Immobility
•	 Physical restraint
•	 Under/malnutrition
•	 Dehydration

•	 Immobility
•	 Sleep deprivation
•	 Pain
•	 Sepsis
•	 Septicemia
•	 Surgical debridement
•	 Surgical techniques (direct closure, flaps, 

and skin grafting)

•	 Medicare will not pay for 
treatmentb

•	 Longer LOS
•	 Institutional or home-based 

skilled nursing treatment

Urinary tract 
infection (UTI: 
secondary to 
catheter use or 
CAUTI)

•	 Emergency room placement 
without indication

•	 Incontinence treatment
•	 No postsurgical monitoring of 

catheter use

•	 Immobility
•	 Pain
•	 Delirium
•	 Acute pyelonephritis
•	 Bacteremia
•	 Sepsis
•	 Prosthetic joint infection
•	 Higher risk for death

•	 Medicare will not pay for 
treatmentb

•	 Longer LOS
•	 Rehospitalization

Delirium •	 Physical restraint
•	 Inappropriate medication 

prescribing
•	 New psychoactive drugs
•	 Urinary catheterization
•	 CAUTI
•	 Immobility
•	 Under/malnutrition
•	 Dehydration

•	 Functional decline
•	 Persistent cognitive impairment
•	 Falls, injuries
•	 Undetected infection
•	 Sleep deprivation

•	 Longer LOS
•	 Rehospitalization
•	 Nursing home placement
•	 Death

a Geriatric syndromes refer to “clinical conditions in older persons that do not fit into discrete disease categories.” This may also include other 
conditions highly associated with aging such as frailty, sleep disorders, self-neglect. For the purpose of this review, these syndromes and potential 
complications are more narrowly defined
b Hospital factors. There is a myriad of patient and hospital factors that contribute to each complication, however, this list provides examples of 
those specific hospital practices that place the older adults at high risk and which are the focus of geriatric care model interventions
c As of October 2008, hospitals will no longer receive payment for 8 hospital-acquired conditions; 3 of these 8 indicated in the table are complica-
tions that are known to occur most frequently in older inpatients and have been found to be reduced when geriatric models of care are employed 
(fall-related injury, pressure ulcer, and catheter-associated urinary track infection)
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Although patient characteristics, especially multiple 
co-morbidities, frailty, and cognitive impairment, may increase 
vulnerability of older inpatient to negative consequences, the 
hospital environment plays an independent and significant role in 
determining staff practice and subsequent patient outcomes such 
as iatrogenic complications. This has led to the development of 
geriatric models to address these hospital-based or institutional 
factors that are likely to contribute to complications among older 
patients. Effective resolution of these negative consequences is 
dependent on geriatric models that target both patient and envi-
ronmental (institutional) risk factors.

Geriatric Care Model Objectives

Although geriatric models of care differ in their approach to pre-
vent complications and address care delivery problems that can 
contribute to complications, all share a common set of general 
objectives. Although these objectives could be applied to any 
patient regardless of age, it is how geriatric care models apply 
these that are age-specific. Table 21.3 provides examples of pro-
cesses and interventions to meet these six general objectives.

The six general objectives of geriatric care models are as 
follows.

Table 21.3  Geriatric care models: objectives, processes and interventions

Objective Examples of processes Examples of interventions

Educate health-care 
providers in core 
geriatric principles

•	 Resident training includes required geriatric rotation 
or mandatory geriatric rotation for residents

•	 Institutional continuing education includes  
geriatric-specific training or Geriatric-specific 
interdisciplinary continuing education programs

•	 Geriatric specialist responsible for geriatric training 
initiatives

•	 Hospital intranet includes geriatric programming
•	 Journal club includes geriatric journals and/or articles 

focusing on geriatric outcomes
•	 Medical, surgical, nursing, and interdisciplinary rounds 

includes geriatric case studies

Target risk  
factors for 
complications

•	 Policies, protocols, and documentation system 
includes assessment tools and practices that identify 
older adults at risk for complications

•	 Assessment tools prompt providers to consult 
geriatric specialists for evaluation of high-risk 
problems

•	 Geriatric specialist provides individual evaluation of 
risk factors

•	 Electronic medical record (EMR) provides alerts for 
medications prescribed that are known to increase fall risk

•	 EMR prompts providers to document daily cognitive 
testing results

•	 Hospital policy for daily cognitive assessment of at-risk 
patients

•	 Cognitive assessment indicates delirium that leads  
to geriatric specialist consultation

Incorporate patient 
(family) choices and 
treatment goals

•	 Policies and protocols support and documentation 
system includes forms that elicit patient choices as 
well as family involvement in care

•	 Geriatric nurses are prepared to coordinate an 
interdisciplinary evaluation and promote 
development of informed patient/family treatment 
goals and plan of care

•	 Palliative care is consulted and provides informed 
choices to patients/families in situations of life-
threatening illness

•	 Admission history includes evaluation of patient’s 
preferences for postdischarge rehabilitation

•	 Unlimited visiting hours and bedside recliners 
encourage family participation in recovery

•	 Patient and family preferences for type and degree of 
family involvement is documented

•	 Patient with Alzheimer’s disease who is unable to 
verbally indicate needs is evaluated by palliative care 
specialist for pain evaluation/treatment

Employ evidence-based 
interventions

•	 Policies and protocols integrate geriatric specific 
implications

•	 Education and training for all clinicians include core 
geriatric content

•	 Hospital protocol for urinary catheter removal within  
2 days postsurgery

•	 Unit-based mobility program
•	 Physical environment reduces injury risk for  

nonambulatory patients with dementia such as 
low-height beds and bedside mats

Promote 
interdisciplinary 
communication

•	 Medical record facilitates patient information across 
disciplines

•	 Processes in place to encourage face-to-face 
interaction among disciplines

•	 Unit-based and hospital-wide committee includes 
geriatric specialist representation

•	 Interdisciplinary team rounds held bi-weekly
•	 Programmatic initiatives include all applicable 

disciplines, e.g., physical and occupational therapy  
in unit-based mobility program

•	 Co-manage patients across specialties such as geriatric 
oncology

•	 Collaborate with other programs such as palliative care 
in providing symptom management

Emphasize discharge 
planning or 
transitional care

•	 Documentation system provides comprehensive 
hospital course information to primary care provider 
and other postdischarge providers (home care, 
nursing home, etc.) as well as elicits pertinent 
information from other providers

•	 Patient and caregiver receive comprehensive 
documentation of hospital treatment, changes in 
treatment plan, and postdischarge instructions

•	 Understanding of instructions is evaluated before 
discharge

•	 Phone follow-up postdischarge to evaluate patient 
condition and needs
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Educate Health-Care Providers  
in Core Geriatric Principles

The complications most frequently encountered among older 
patients are often due to system-level problems. These 
include inadequate educational preparation of health-care 
providers to recognize age-specific factors that increase risk 
of complications. All geriatric care models require a coordi-
nator or clinician with advanced geriatric education; how-
ever, the implementation of any model depends on direct 
care staff with the knowledge and competencies to deliver 
safe and evidence-based care to older patients. Thus, the 
coordinator or other geriatric clinician role includes teaching 
of other staff through rounds, journal clubs, conferences, and 
other internal institutional educational venues.

Target Risk Factors for Complications

Given the disproportion of certain complications or geriatric 
syndromes among hospitalized older adults, the clinical 
focus of all geriatric models is prevention via risk factor 
reduction and early detection of these problems. Some mod-
els may focus on a particular syndrome; however, the inter-
relationship of these complications and their shared risk 
factors often result in a reduction of the other geriatric syn-
dromes. Targeting risk factors requires standardized assess-
ment tools known to be valid and reliable for older adults. 
See the Hartford Institute’s Try This and How to Try This 
series for examples of assessment instruments (http://www.
hartfordign.org/trythis). Implementation of geriatric care 
models often include institutionalizing these practices such 
as incorporating these tools in the medical record as well as 
hospital policies, procedures, and protocols.

Incorporate Patient (Family) Choices  
and Treatment Goals

All health-care decisions should be guided by the patient’s 
choices. Choices range from decisions about activity level 
and medication use to more complex issues including 
advance directives.

Decisions regarding life-sustaining treatment are often 
influenced by quality of life considerations balanced by the 
potential length of life. For family members acting in the 
best interests of patients who can no longer participate in 
decision-making, this can be a complicated dilemma. Life-
sustaining treatments are often employed with very old 

patients who die in the course of hospitalization although 
most prefer comfort care. Geriatric models are meant to 
address this lack of congruence by supporting efforts to pro-
vide care that is more consistent with patients’ preferences 
[50]. For this reason, many geriatric models work collabora-
tively or in conjunction with palliative care programs.

Employ Evidence-Based Interventions

Given that most physicians, nurses, and other health provid-
ers have received minimal content in their training regarding 
geriatrics, it is not surprising that there is a higher complica-
tion rate for older hospitalized patients. Advances in geriat-
ric science, similar to other research-based approaches, are 
not readily employed in hospital care. Problems with polyp-
harmacy, inappropriate medications (e.g., overuse of psycho-
active), overuse of restraints, inadequate detection of 
delirium, depression, and undermanagement of pain are 
some of the many hospital factors that can contribute to poor 
outcomes. Thus, geriatric models promote the use of stan-
dardized evidence-based protocols.

Promote Interdisciplinary Communication

Since geriatric syndromes are not just medical problems but 
represent a complex interaction of medical, functional, 
psychological, and social issues, other disciplines such as 
nursing, pharmacy, social work, physical and occupational 
therapy are needed. Geriatric care models all include inter-
disciplinary teams, i.e., an approach that facilitates 
communication among disciplines.

Emphasize Discharge Planning  
(or Transitional Care)

Many older patients will require rehabilitation or skilled 
nursing services following hospitalization. Almost a quarter 
of older hospital patients are discharged to another institu-
tion such as a rehabilitation hospital or nursing home and 
more than 10% are discharged with home care [51]. Older 
adults are more likely to experience problems associated 
with discharge planning that can lead to delays in discharge 
and greater use of emergency service use and hospital read-
mission. Hospital readmission for older patients is most 
likely associated with medical errors in medication continu-
ity [52, 53], diagnostic workup, or test follow-up [54]. These 
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poor outcomes are attributed to a lack of coordination among 
health-care providers that can result in unresolved medical 
issues [55] and deficient preparation of patients and their 
caregivers to carry out discharge instructions [56]. One study 
found wide variations among providers in discharge plan-
ning effectiveness; the providers cited their lack of knowl-
edge and experience when not making appropriate home-care 
referrals [57]. Thus, geriatric models not only focus on the 
inpatient experience but also the post-hospital care environ-
ment and the care transition following hospital discharge. 
Two of the six models consider the care transition a primary 
focus of their programs.

Geriatric Models

There are several types of geriatric models that are currently 
employed in hospitals throughout the USA. In addition to 
incorporating the original tenets central to comprehensive 
geriatric assessment (screen for those at high risk for geriat-
ric-specific problems, assess for modifiable risk factors, and 
implement strategies consistent with the patients’ treatment 
goals), all strive to deliver quality care for older adults in a 
cost-effective manner. Comprehensive geriatric assessment 
assumes that the systematic evaluation of a frail older person 
by a multidisciplinary health-care team will uncover actual 
or potential health problems. The considerable advances in 
geriatric health-care science over the last 30 years can then 
be applied to treating or preventing these conditions and thus 
result in better health outcomes.

Although the specific mode of intervening may differ 
among the models, they all address both common health 
problems and care delivery issues. The geriatric model may 
consider all geriatric syndromes or target specific ones such 
as delirium or functional decline. Similarly, the geriatric 
model may be employed as a hospital-wide approach, unit-
based intervention, or focus on specific processes of hospi-
talization such as admission screening or discharge planning. 
Regardless of the structure of the geriatric model, all facili-
tate the general objectives listed in Table  21.3. Table  21.4 
provides a summary of the clinical foci, unique features, 
coordination, and interventions for each of the six most com-
monly employed geriatric models of care.

Geriatric Consultation Service

Geriatric Consultation Service provides a geriatrician, a 
gero-psychiatrist, a geriatric clinical nurse specialist or an 
interdisciplinary team of geriatric health-care providers to 
conduct a comprehensive geriatric assessment or evaluate a 

specific condition (delirium), symptom (patient dislodges or 
removes treatment), or situation (adequacy of family support 
for discharge back to community setting). The consultation 
may be requested by another primary service for an individual 
patient or may be initiated by a hospital policy for all patients 
that are screened at high risk for geriatric-related complica-
tions or are admitted from a home-bound program or a 
nursing home [58].

Outside of academic medical centers, few hospitals have 
geriatric departments that can provide geriatricians or a geri-
atric consultation team. Although geriatric nurse specialists 
may be more prevalent in hospitals than geriatricians, many 
function without the benefit of a geriatric team or a geriatri-
cian. Similar to geriatricians, it is difficult to evaluate their 
effectiveness when their practice is limited to a consultative 
role in which recommendations may not be followed or insti-
tutional resources are not adequately available for staff to 
implement [59].

Acute Care for the Elderly Units

Acute Care for the Elderly (ACE) Units are discrete geriatric 
care-focused units. Originally developed in the 1970s within 
Veterans Administration Hospitals, Geriatric Evaluation and 
Management (GEM) Units were meant to provide compre-
hensive geriatric assessment delivered by a multidisciplinary 
team with a focus on the rehabilitative needs of older patients. 
Multidisciplinary team rounds and patient-centered team 
conferences are considered the hallmarks of care. The core 
team includes a geriatrician, clinical nurse specialist, social 
worker as well as specialists from other disciplines providing 
consultation: occupational and physical therapy, nutrition, 
pharmacy, audiology, and psychology. GEM units usually 
have been redesigned to facilitate care of the older patient, 
which, in contrast to geriatric consultation services, have 
direct control over the implementation of team recommenda-
tions. Research conducted in the 1980s and 1990s have doc-
umented significant reductions in functional decline and 
suboptimal medication use as well as return to home postdis-
charge and, more recently, decreased rate of nursing home 
placement [60] among hospitalized veterans on GEMUs 
compared to general medical units.

Beginning in the 1990s, Acute Care of Elders (ACE) Units 
have been implemented in non-VA hospitals although they 
generally focus on more acutely ill patients than GEM units. 
These units utilize staff with geriatric expertise working col-
laboratively in an interdisciplinary team (fostered by care 
processes such as team rounds and family conferences) in a 
physical environment with adaptations to addresses age-
related changes (e.g., flooring to reduce glare and low-height 
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beds to reduce fall-related injury), promote orientation (clocks 
and calendars) and facilitate staff observation (e.g., alarmed 
exit doors, windows inserted in walls and communal space 
for meals). The interdisciplinary team (led by geriatricians 
and/or geriatric nurse specialists) aims to facilitate care coor-
dination and thus identify modifiable risk factors for geriatric 
syndromes and complications, prevent avoidable discharge 
delay, and promote timely referrals to disciplines/specialist.

Palmer et al. designed the first ACE unit at the University 
Hospitals of Cleveland [61]. A randomized controlled trial of 
Acute Care for Elders in an academic medical center reported 
improved functional status (ADL or activities of daily living, 
instrumental ADLs and ambulation) at discharge of patients 
hospitalized on the ACE unit compared to those on other 
units. Fewer patients from the ACE group were discharged to 
nursing homes. These beneficial effects were achieved with-
out increasing in-hospital or postdischarge costs. There were 
no significant differences in mortality, length of stay, read-
mission, or hospital costs between the two groups [62]. In 
another randomized trial conducted in a community hospital, 
patients were randomly assigned to either ACE care or a 
regular care unit. Positive outcomes of the ACE intervention 
was demonstrated in several processes of care including a 
reduction in restraint use, days to discharge planning and use 
of high-risk medications. They also found benefit in a com-
posite outcome of ADL improvement and nursing home 
placement but not in discharge ADL levels alone. There was 
no significant reduction in length of stay, hospital costs, or 
mortality in the ACE unit subjects compared to the regular 
unit subjects [63]. These savings are recognized in integrated 
health-care delivery systems such as the VA, Kaiser, and 
PACE (Program of All Inclusive Care of the Elderly); how-
ever, our current “silo-based” reimbursement system to indi-
vidual hospitals does not provide incentives for postdischarge 
reductions in health services usage [64].

Since one unit cannot provide care for all older patients 
within a hospital, many hospitals use this unit for patients at 
highest risk for age-related complications. The unit is an 
excellent environment for training of all disciplines. ACE 
staff may also provide consultation throughout the hospital 
to export ACE principles throughout the health system.

Nurses Improving the Care of Health  
System Elders

Nurses Improving the Care of Health System Elders (NICHE; 
http://www.nicheprogram.org) is a national program aimed 
at system improvement to achieve positive outcomes for hos-
pitalized older adults. NICHE has two main goals: improv-
ing the quality of care to patients and improving nurse 
competence. This is accomplished by “modifying the nurse 
practice environment with the infusion of geriatric-

specific: (a) core values into the mission statement of the 
institution; (b) special equipment, supplies, and other 
resources; and (c) protocols and techniques that promote 
interdisciplinary collaboration.” [65] NICHE includes sev-
eral approaches, each of which facilitates transfusion of 
evidence-based geriatric best practices into hospital care. 
A geriatric nurse specialist as the NICHE Coordinator func-
tions in both a “primary care” role (evaluating and managing 
patients directly) and in a leadership role (teaching and men-
toring others and changing systems of care).” [66] 
Foundational to NICHE is the Geriatric Resource Nurse 
Model (GRN) which is an educational intervention model 
that prepares staff nurses as the clinical resource person on 
geriatric issues to other nurses on their unit. The GRN model 
provides staff nurses, via education and modeling by a 
NICHE coordinator, with specific content for improved 
knowledge of care management for geriatric syndromes. 
Clinical protocols and organizational strategies provide nec-
essary tools to apply evidence-based practice. For example, 
in one NICHE orthopedic unit, GRNs received intensive 
education on the prevention and detection of delirium in a 
unit where the primary diagnoses were joint replacement and 
hip fracture repair. Utilizing a combination of standardized 
assessment of cognition and focused interventions to prevent 
post-op delirium, the unit realized a significant reduction in 
the incidence of delirium. Other systemic interventions uti-
lized by the GRNs include a revised nursing database and 
delirium-specific order sets [67]. An evaluation of responses 
of 9,802 direct-care registered nurses from 75 acute care hos-
pitals participating in NICHE found that a positive geriatric 
nurse practice environment was associated with positive 
geriatric care delivery. The independent contribution of all 
three aspects of the geriatric nurse practice environment 
(resource availability, institutional values, and capacity for 
collaboration) influences care delivery for hospitalized older 
adult patients. The study findings demonstrate that a nurse 
practice environment that provides adequate geriatric-
specific resources (continuing education, education, spe-
cialty services), promotes interdisciplinary collaboration, 
and fosters patient, family, and nurse involvement in treat-
ment-related decision-making is associated with quality 
geriatric care [64]. In single site studies, NICHE hospitals 
demonstrate improved clinical outcomes, rate of compliance 
with geriatric institutional protocols; cost-related outcomes; 
and nurse knowledge. In a study of eight hospitals, nurses 
reported higher quality of geriatric care following NICHE 
implementation [68].

NICHE also promotes a unit-based ACE model. The ACE 
model within NICHE emphasizes: (1) implementation of 
nurse-driven protocols, (2) geriatric training of all nursing 
staff, and (3) utilization of geriatric-specific units within a 
health system’s overall geriatric care programming. Similar 
to other ACE studies, a NICHE-ACE unit in which the major-
ity of the staff nurses were nationally certified in geriatric 



262 E.A. Capezuti et al.

nursing reported lower fall and pressure ulcer rates, and 
lower length of stay when compared to overall hospital [69].

Since NICHE is a system-level approach it provides a 
structure for nurses to collaborate with other disciplines and 
to actively participate or coordinate other geriatric care mod-
els. For example, in hospitals with a geriatric department or 
consultation service, GRNs screen for appropriate referrals 
to these services and can effectively implement geriatric ser-
vice recommendations with support from the NICHE coordi-
nator. The models enhance NICHE program effectiveness by 
expanding the scope of geriatric programming within a 
health system.

The Hospital Elder Life Program

The Hospital Elder Life Program (HELP; http://elderlife.
med.yale.edu/public/public-main.php) is a program designed 
to implement protocols that target six delirium risk factors: 
mental orientation, therapeutic activities, early mobilization, 
vision and hearing adaptations, hydration and feeding 
assistance, and sleep enhancement. These protocols were 
tested in several well-designed clinical trials and demon-
strated significant reduction in the incidence of new delirium. 
Further, among those who did develop delirium, these proto-
cols are associated with a significant reduction of total num-
ber of episodes and days with delirium, functional decline, 
costs of hospital services, and reduction in use of long-term 
nursing home services [70, 71].

HELP employs geriatric specialists of various disciplines 
(geriatrician, geriatric nurse specialist, recreation therapy, and 
physical therapy) working together as an interdisciplinary 
team with trained volunteers. The program is coordinated by 
Elder Life Specialists, typically an Elder Life Nurse Specialist 
who has advanced geriatric nursing education and is responsi-
ble for implementing nursing-related assessments and tracking 
of delirium risk factor protocol adherence. The latter depends 
on the involvement of well-trained and supervised volunteers 
in patient-care interventions [72]. The research-tested protocol 
was made available to hospitals in 2000. Implementation in 
many hospitals has been adapted based on hospital resources. 
This has led to wide variations in adherence to the intervention 
protocol. Although higher levels of adherence have been asso-
ciated with lower rates of delirium, these adapted protocols 
continue to provide positive results [73].

Transitional Care Models

An American Geriatric Society Position Statement defines 
transitional care as a set of actions designed to ensure the 

coordination and continuity of health care as patients transfer 
between different locations or different levels of care within 
the same location [74]. Older adult patients with complex 
medical and social needs and their caregivers require assis-
tance to effectively navigate the health-care system, includ-
ing recovery from surgery and return to pre-morbid health 
and living arrangements. Two models have emerged that 
have demonstrated improved outcomes for older adults hos-
pitalized for both medical and surgical interventions.

APN transitional care model utilizes advanced practice 
nurses (APNs) whose primary responsibility is to optimize the 
health of high-risk, cognitively intact older adults with a vari-
ety of medical and surgical conditions during hospitalization 
and for designing and overseeing the plan for follow-up care 
following discharge [75]. The APN work collaboratively with 
the older adult, family caregiver, physician, and other health 
team members and are guided by evidence-based protocols. 
The same nurse implements this plan after discharge by pro-
viding traditional home-care services and by phone availabil-
ity 7 days a week. Three federally funded, randomized, 
controlled trials consistently demonstrated that this model of 
care improves older adults’ satisfaction, reduces rehospital-
izations, and decreases health-care costs [76–78].

Care transitions coaching or care transitions intervention 
(see http://www.caretransitions.org/index.asp) employs a 
nurse or “transitions coach” to encourage older patients and 
their family caregivers to assume more active roles during 
care transitions by facilitating self-management and direct 
communication between the patient/caregiver and primary 
care provider. The four content areas or “pillars” of the 
patient/caregiver intervention are as follows: (1) medication 
self-management, (2) a patient-centered record, (3) primary 
care and specialist follow-up, and (4) knowledge of “red 
flags” warning symptom or sign indicative of a worsening 
condition [79]. The Personal Health Record includes data 
elements essential to promote productive patient–provider 
encounters across settings such as an active health problem 
list; medications and allergies; a list of warning symptoms or 
signs that correspond to the patient’s chronic illnesses; a 
checklist of activities that need to take place before and fol-
lowing discharge. This record is maintained by the patient 
and caregiver with assistance from the transition coach. The 
4-week intervention begins in the hospital and continues 
through home visits and/or phone follow-up after discharge.

Several studies, including a randomized, controlled trial, 
found that patients who received this intervention had lower 
all-cause rehospitalization rates 30 and 90 days after dis-
charge compared with control patients. Intervention patients 
also had lower rehospitalization rates for the same condition 
that they were admitted for in the index hospitalization at 90 
and at 180 days than controls. Mean hospital costs were 
approximately $500 less for patients in the intervention 
group compared with controls [80].
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New Specialty Models

In some hospitals, multiple geriatric models are employed. 
For example, a hospital may begin with NICHE. The NICHE 
coordinator, a geriatric nurse specialist, will then become an 
Elder Life Specialist to implement HELP hospital wide or 
within a discrete ACE unit. Often the core geriatric interdis-
ciplinary team of any geriatric program screens patients for 
other related services such as palliative care, rehabilitative 
services, or pain management programs. Some have developed 
dual-function units such as merging an ACE unit with a 
palliative care unit [66]. Others have developed programs that 
merge geriatrics with other specialties. Examples include hip 
fracture, trauma, and oncology.

The American Academy of Orthopedic Surgeons recom-
mends coordination of care and communication by providers 
as important aspects of quality care for hip fracture patients 
[81]. In response, several hospital programs that incorporate 
geriatric co-management of hip fracture patients have been 
developed. The expectation is that involvement of geriatri-
cians in care management will avoid iatrogenic problems. 
For example, one program focuses on minimizing time to 
surgery and employment of standardized orders and proto-
cols [82]. These programs have been shown to reduce delir-
ium by over one-third, reduce severe delirium by over 
one-half, decrease predicted length of stay, readmission rates, 
complication rates, and mortality [83]. Others have devel-
oped a geriatric trauma team that include a geriatrician and 
geriatric advanced practice nurse who evaluate older trauma 
patients and share recommendations in weekly multidisci-
plinary rounds and performance improvement meetings of 
the trauma service. Most (91%) geriatric recommendations 
were followed and included: advanced care planning, dispo-
sition decisions to promote function, decreased inappropriate 
medications, and pain management [84].

Similarly, oncology programs have either developed 
geriatric – oncology consultation team or have developed 
geriatric – oncology units, some of which are part of an exist-
ing ACE unit [85, 86]. These programs report that older 
oncology patients have more complex medical and social 
needs than adult oncology patients and thus require input 
from both perspectives [87].

Conclusion

Although these models use different strategies, all share 
common goals of treatment. Each hospital or health system 
chooses a model based on the unique needs of that hospital’s 
patient population, the resources available (geriatric special-
ists, bed capacity to support separate unit, volunteers, etc.) and 
especially senior administrator’s commitment to geriatric 

programming. Since there is no direct reimbursement for 
many components of these models (interdisciplinary rounds, 
geriatric nurse specialist, volunteers, etc.) administrators seek 
external (grants, donor gifts) and internal funding (hospital 
foundation grants). They are motivated by the model’s align-
ment to the hospitals strategic plan (e.g., excellence in senior 
care), the institution’s mission, patient/family satisfaction, 
relationship with the community, and costs savings (i.e., reduc-
tion of complications). All of the models have demonstrated 
positive outcomes and each have been implemented in at least 
50 hospitals; however, this still only represents a small propor-
tion of American hospitals. Each model was originally devel-
oped with government and/or foundation support. Future 
survival of these models may depend on advancing the unique 
contributions of each within an integrated model that will 
enhance the hospital experience of the older patient.

Another problem influencing geriatric model implementa-
tion is availability of geriatric clinicians. Since significant 
geriatric medicine input is needed for many of these models, 
they generally are limited to academic medical centers, which 
only represent a small proportion of US hospitals. All of these 
models require providers with knowledge of core concepts in 
geriatrics; however, there is a significant shortage of fellow-
ship-trained geriatricians, geriatric psychiatrists, master’s pre-
pared geriatric nurse specialists, as well as other disciplines 
[88]. In addition to efforts to increase the training of geriatric 
specialists, several initiatives are underway that involve spe-
cialty organizations, medical schools [89], and resident train-
ing programs [90, 91] to integrate principles of geriatric care 
into curriculums and practice. As more geriatrics is being inte-
grated into undergraduate medical training and surgical resi-
dent training, knowledge of geriatric care principles and 
collaboration with geriatric models will enhance outcomes of 
the older surgical patients. The Council of the Section for 
Surgical and Related Medical Specialties in the American 
Geriatrics Society program provides the Geriatrics Syllabus 
for Specialists; a useful guide (lectures, PowerPoint presenta-
tions, etc.) geared toward providing vital information for sur-
geons caring for older patients as well as faculty leadership 
training to promote geriatric training and research within their 
disciplines. The initiative also enables surgical professional 
certifying bodies and societies to build the capacity of their 
members to provide better care of older adults [92].

Financial and administrative barriers deter the implemen-
tation of geriatric models. Medicare payment system focuses 
on provider-specific reimbursement and thus limits payment 
for organizational redesign, multidisciplinary teams or nurse-
coordinators. The new CMS financial incentives that will not 
reimburse for nosocomial “never” events such as pressure 
ulcers, catheter-associated infections, and fall-related injury, 
may eventually encourage the use of these models [15]. 
A recent IOM report recommended that “payers should 
promote and reward the dissemination of those models of 
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care for older adults that have been shown to be effective and 
efficient.” [87] Incentives suggested included elimination of 
Medicare’s co-payment disparity for mental health and 
enhanced payments for services under these models.

Finally, most of the research documenting complications 
of the older patient are based on studies combining both 
medical and surgical patients, thus future research should 
address the risk factors of these complications specific to 
surgical patients. Further, with the exception of hip fracture 
and cardiac surgery, additional studies should also identify 
complications within specific types of surgical procedures. 
This may provide important data to tailor models to specific 
surgical populations.
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Introduction

Aging Epidemiology

Beginning in 2012, nearly 10,000 Americans will reach age 
65, each day [1]. The number of older Americans is expected 
to increase from 35 million (12.4% of the total population) in 
2000 to 71 million (19.6% of the total population) in 2030 
[2]. As demonstrated in Fig. 22.1 [3], the proportion of adults 
who are ³65 years of age is increasing, while the proportion 
of persons < age 55 is decreasing. In fact, individuals over 
age 85, dubbed the “oldest old,” are the most rapidly growing 
segment of the population, and their number is expected to 
increase fivefold to almost 19 million by the year 2050 [2].

The aging of the American population has created the 
need to provide surgical care to an ever-increasing number of 

older persons. At present, 35% of all surgical procedures 
performed in the USA are on persons 65 years of age or 
older; the rate of surgical procedures performed per 10,000 is 
4.4 in older patients compared with 1.5 in younger adults [4]. 
Approximately half of individuals over age 65 will have at 
least one major surgical procedure in the remainder of their 
lifetime [4]. Overall, workload varies considerably by spe-
cialty; persons of age 65 years and older represent 60% of 
the cases in general surgery and almost 90% of the cases in 
ophthalmology [5].

Over the past several decades, advances in surgical and 
anesthetic techniques have led to an overall decline in oper-
ative mortality in older patients [6]. The “risk” of surgery 
therefore has become somewhat less of a concern, whereas 
the need and ability to provide maximal disease manage-
ment has increased. While age cannot be completely 
ignored, functional status and/or comorbid conditions usu-
ally contribute more to operative outcomes than age alone. 
However, there are physiological changes that occur with 
aging that warrant recognition in order to maximize periop-
erative outcomes. As the number of older surgical candi-
dates continues to grow, it will become increasingly 
important for all surgeons to understand the special issues 
involved in the selection and evaluation of older patients for 
surgical care.
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Chapter 22
Preoperative Evaluation of the Older Surgical Patient

Lisa M. Walke and Ronnie A. Rosenthal 

Simplified Assessment

Questions Tests

Identify comorbidities • � Thorough history and review of systems •  Thorough physical examination
Medications • � Name all the prescription, herbal, and over-the-counter pills you take  

on a regular or as-needed basis
•  Check medication lists or bottles

Function •  Can you walk up a flight of stairs carrying a bag of groceries? •  Timed Get Up and Go
Nutrition •  Have you lost ³10 pounds in the last 6 months without trying to do so? •  Serum albumin

•  BMI
Cognition •  How is your memory?

•  Do you drink alcohol occasionally, with meals, or before going to bed?
• � In the past month, have you been sad, blue, down in the dumps or 

depressed?
• � In the past month, have you been a lot less interested in most things or 

unable to enjoy the things you used to enjoy?

•  Three item recall
•  Clock drawing task
•  Geriatric depression scale
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Pattern of Surgical Disease in the Elderly

Before discussing the process of selecting and evaluating 
geriatric patients, it is important to note that the pattern of 
surgical disease in older patients is not always superimposable 
on the pattern seen in younger patients. The indication for 
surgery therefore may not be apparent until a complication 
has occurred. The absence of the classic signs and symptoms 
often leads to delays in treatment and errors in diagnosis. As 
a result, emergency surgical intervention is frequently 
necessary.

For example, older adults are twice as likely (33 vs. 16%) 
to have a right-sided colon cancer compared with younger 
adults [7]. As a result of this anatomical difference older 
adults may present more often with symptoms that are not 
initially associated with colorectal cancer, such as syncope 
and fatigue. Older adults with left-sided colon cancer often 
delay seeking medical care because they do not consider 
symptoms such as constipation to be abnormal. Thus, it is 
not surprising that up to 40% of older patients with colorec-
tal cancer present for surgical intervention secondary to 
obstruction and/or perforation [7]. Further evidence of 
altered symptomatology in older persons is found in the pat-
tern of presentation of biliary tract disease. The classic pat-
tern of worsening biliary symptoms preceding the 
development of a complication is often absent in older 
adults. Consequently, up to two-thirds of the cholecysteco-
mies in patients over the age of 65 are performed urgently or 
emergently compared with less than one-fifth in younger 
patients [8].

The high rate of emergency surgery in older adults is 
important because emergency surgery is associated with at 
least a threefold increase in mortality and morbidity. In one 
series of patients over the age of 70 years, emergency opera-
tions carried a mortality rate ten times greater than that for 
elective procedures [9]. Emergency surgery is also associ-
ated with a higher rate of long-term hospital stay (>30 days), 
more need for postoperative intensive care, larger decline in 
functional status, and increased need for postoperative nurs-
ing home placement [10].

Eliciting Patients’ Preferences

Before the decision is made to proceed with elective surgery, a 
thorough discussion of the patient’s goals of care and preferences 
is warranted. Items for consideration include the following:

How clear is the indication for surgery, including the like-−−
lihood of progression of the disease?
What is the likelihood of achieving equal or improved −−
functional status?
What degree of symptom improvement can be expected −−
after the procedure?
What quality of life can be expected with or without the −−
surgery?
Does the patient, and his or her family, understand the −−
problem and the proposed solution?
What is the risk of a negative outcome as determined by −−
the nature of the procedure and the presence of comorbid 
conditions?

Fried et  al. have shown that for older persons, the burden of 
treatment, the possible treatment outcomes (desirable vs. unde-
sirable), and the likelihood of a particular outcome each 
influence treatment preferences [11]. Given various hypotheti-
cal situations, the majority of older patients (>70%) stated they 
would not want even a low-burden treatment if severe functional 
impairment or cognitive impairment was the expected outcome. 
As the likelihood of an adverse outcome increased, the number 
of patients who stated they would want treatment decreased. 
Thus, advance care planning that includes elucidation of 
patients’ treatment preferences and designation of surrogate 
decision makers is one of the most important components of 
preoperative assessment for older surgical patients.

Objectives of Preoperative Assessment

Once these issues is addressed; the main thrust of the preop-
erative evaluation is to identify, and optimize, any coexisting 
disease processes or decline in physiologic reserve. With this 

Figure 22.1  Population by age. 
Percent of population in five age 
groups: United States, 1950, 
2004, and 2050 (from Centers 
for Disease Control and 
Prevention, National Center for 
Health Statistics, Health, United 
States, 2005).
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information, an accurate risk/benefit determination can be 
made for each surgical intervention in each elderly patient. 
Although we refer to risk primarily as the chance of postop-
erative mortality and morbidity, risk in the elderly should also 
be assessed in terms of restoration of preoperative functional 
status and quality of life. For older patients, maintenance of 
independence, quality of life, and symptom resolution may 
be as important as, if not more so, than survival.

Efforts are currently underway to develop process-based 
quality indicators to improve perioperative care and subse-
quent outcomes for older patients undergoing ambulatory, 
major elective, or nonelective inpatient surgery [12]. 
Additional work is needed both to determine the feasibility of 
implementing quality indicators into routine care and to dem-
onstrate improved patient outcomes secondary to their use.

General Evaluation

Affect of Age on Perioperative Outcomes

The general approach to the preoperative assessment is 
directed toward identifying those factors that place the patient 
at increased risk for postoperative complications or death. 
Although some of these factors are related to the surgical 
disease itself and to the type of operation required, the most 
important factors in the determination of risk are related to 
the overall health, function level, cognitive abilities, and 
nutritional status of the patient.

Many studies have demonstrated comparable outcomes 
among older and younger adult surgical patients. A retro-
spective analysis of cardiac surgery among octogenarians in 
Germany demonstrated that morality was associated with 
comorbid conditions (e.g., chronic obstructive pulmonary 
disease or heart failure), nonelective surgery, and male gen-
der, but not with age [13]. Follow-up with these patients 3–5 
years after surgery revealed that approximately 85% were 
clinically better than they were prior to surgery. Another 
German study examined outcomes for colorectal cancer 
patients who underwent surgery. While mortality rates were 
higher for patients ³80 years than for patients <80 years (8.0 
vs. 2.6%), specific morbidity related to the operation was not 
significantly different (20.5 vs. 19.9%) [14].

Yet, some evidence suggests that even after adjusting for 
comorbid conditions, age itself is associated with higher risk 
for adverse outcomes among patients undergoing noncardiac 
surgery [15, 16]. The reason for this increased risk is pres-
ently unclear. It is possible that confounders associated with 
aging exist but are unrecognized, and thus unadjusted for, in 
multivariate analyses. If true, the increased risk observed with 
increasing age would in fact be due to the confounders, not 
age itself. Nonetheless, many older adults tolerate surgery 
if it is well conducted and free of complications. However, 

if complications arise, the additional stress associated with 
the complications exceeds the physiological reserves of many 
older adults.

Comorbidity

ASK the question Do a thorough history including review of 
systems 2

DO the test Do a complete physical exam

Over 80% of Americans aged ³65 have at least one chronic 
condition and 50% have at least two [17]. The prevalence of 
comorbid diseases clearly rises with increasing age. The age-
related increase in cardiac, pulmonary, renal, and hepatic 
comorbid conditions in a cohort of colon cancer patients over 
age 50 has previously been demonstrated [18]. The preva-
lence rates for some common chronic conditions experienced 
by older adults are depicted in Fig. 22.2 [1].

In a larger, more detailed review of comorbidity in elderly 
patients with colon cancer, Yancik et al. explored the increase 
in the number of additional conditions with age [19]. By age 
75, patients with colon cancer had a mean of five disorders in 
addition to the primary cancer. For all adults, the influence of 
comorbid conditions on activity level increases substantially 
with age as demonstrated in Fig. 22.3 [3]. In addition, comor-
bid conditions more frequently contribute to the cancelation 
of surgery after hospital admission in older adults compared 
with younger adults [4].

Figure  22.2  Prevalence of selected chronic conditions among adults 
age 65 and over, 2000–2001. Asterisk indicates a respondent was con-
sidered to have “arthritic symptoms” if s/he answered “yes” to the fol-
lowing questions: “During the past 12 months, have you had pain, 
aching, stiffness, or swelling in or around a joint?” and “Were these 
symptoms present on most days for at least one month?” (from Centers 
for Disease Control and Prevention, National Center for Health 
Statistics, National Health Interview Survey, 2000–2001).
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As the number of associated illnesses increases, so does 
the rate of perioperative complications. In a study on the 
effect of increasing comorbidity on outcome, Tiret and 
colleagues demonstrated a strong correlation between the 
number of conditions and the rate of perioperative complica-
tions. This effect was seen in all age groups but was most 
pronounced in the youngest and oldest patients [20]. Only a 

minimal increase in mortality and morbidity was seen in old 
patients who lacked coexisting disease. Such minimal 
increases were insignificant when compared with the three-
fold increase associated with as few as two additional comor-
bidities. Other studies of outcome for both surgical and 
medical treatment demonstrate a similar correlation between 
comorbidity and poor treatment outcome [19, 21].

As is true for surgical disease itself, older adults often do not 
present with the “classical” signs and symptoms typically attrib-
uted to comorbid conditions. The search for comorbid condi-
tions must therefore be diligent. In the Framingham heart study 
for example, myocardial infarction was unrecognized or silent 
in more than 40% of persons of age 75–84 compared with fewer 
than 20% of those of age 45–54 [22]. Thyroid dysfunction 
(either hyper or hypo), cognitive impairment, and malnutrition 
are among the many other coexisting disorders that may not be 
recognized during the initial history and physical examination. 
For example, one study of hospitalized medical patients over 
age of 75 years revealed that 63% of patients meeting criteria 
for cognitive impairment were not identified as impaired on 
their discharge summary [23]. Earlier studies demonstrate that 
46% of moderate to severe nutritional deficits identified among 
patients during hospital admission had not been recognized by 
the primary caregiver in the community (Fig. 22.4) [24].

Frailty is another comorbid condition that is frequently 
not recognized by providers. But recent evidence suggests 
that frailty may be an important predictor of postoperative 
mortality in one study, patients who had four of the following 

Figure 22.3  Limitation of activity caused by selected chronic health 
conditions among older adults, by age: United States, 2005–2006 (from 
[13]).
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Figure 22.4  Patients found to have nutritional and mental status defi-
cits during formal geriatric assessment at admission to the hospital 
compared to those identified by the primary caregiver in the commu-
nity. Lighter bars indicate the results of formal assessment. It is seen 
that most of the nutritional deficits and a large percentage of mental 

status deficits were not recognized prior to admission to the hospital, 
indicating that these deficits are subtle and may not be appreciated 
without purposeful attempts to identify them (from Pinholt [24] with 
permission, Copyright © 1987 American Medical Association. All 
rights reserved).
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six markers preoperatively had an increased risk of death 
within 6 months of their operation [25].

Mini_Cog score <4*
Albumin level <3.4 g/dL
³1 fall within the prior 6 months
Hematocrit <35%
Katz disability score <6*
Charlson comorbidity score ³3*
* For definition see below

Extensive testing for comorbidity in every organ system is 
neither cost-effective nor necessary for every patient. A thor-
ough history and physical examination provide information 
that can direct further workup, if necessary. It is important, 
however, to adjust the history and physical examination to 
look for risk factors and signs and symptoms of the more 
common comorbid disorders. The addition of simple ques-
tions and simple tools for assessing functional, cognitive, 
and nutritional status significantly enhances understanding 
the individual elderly patient’s true operative risk. When ini-
tial evaluation identifies specific disease or risk factors for 
disease, further workup may be indicated. Evaluation of spe-
cific organ systems is described later in the chapter.

Medication Assessment

ASK the question Can you tell me all the prescription, herbal, 
and over-the-counter pills you take on a 
regular or as-needed basis

DO the test Check medication lists or bottles

The vast majority of medications taken on a daily basis 
are consumed by adults over the age of 65 years. Thus, a 

comprehensive medication review is warranted for all older 
preoperative patients. Patients should specifically be queried 
regarding the use of herbal medications, given the potential 
for drug–herbal interaction and the low likelihood of 
self-report among patients. Education (³12 years) and annual 
income (>$20,000) were found to be associated with herbal 
medication use in the multivariate logistic regression of one 
study [26]. A list of the most commonly taken herbal medicines, 
their uses, perioperative concerns, and recommended preop-
erative discontinuation time is found in Table 22.1 [27].

Geriatrics-Specific Evaluation

Functional Status Evaluation

ASK the question “Can you carry a bag of groceries up a flight 
of steps without getting short of breath?”

DO the test Timed Get Up and Go

Functional status can be measured in many different ways. 
Regardless of the methods, preoperative functional deficits 
have been shown to contribute to postoperative immobility, 
with associated complications such as atelectasis and pneu-
monia, multisystem deconditioning, increased length of stay, 
and increased mortality and morbidity. Individuals with poor 
preoperative function have longer hospitalizations, more sur-
gical complications, and are more likely to die within 30 days 
of surgery when compared with individuals with good preop-
erative functional fitness [28]. Deconditioning is an impor-
tant clinical entity that leads to further functional decline 
despite improvement in the acute illness [29]. The recovery 
period from deconditioning can be three or more times as 

Table 22.1  Herbal medicines and recommendations for discontinuation of use before surgery

Herb: common name(s) Uses Perioperative concerns
Preoperative 
discontinuation

Echinacea: purple coneflower root Prophylaxis, treatment of viral,  
bacterial, fungal infections

Decreased effectiveness of 
immunosuppressants

No data

Ephedra: ma huang Weight loss, increase energy Tachycardia, hypertension At least 24 h before 
surgery

Garlic: ajo Lowers blood pressure, serum lipid  
and cholesterol level

May potentially increase risk  
of bleeding

At least 7 days before 
surgery

Ginkgo: duck foot tree, maidenhair  
tree, silver apricot

Cognitive disorders Potential to increase risk of bleeding At least 36 h before 
surgery

Ginseng: American ginseng,  
Asian ginseng, Chinese ginseng, 
Korean ginseng

Prevention of stress, restore 
homeostasis

Potential to increase risk of bleeding, 
hypoglycemia

At least 7 days before 
surgery

Kava: awa, intoxicating pepper,  
kawa

Anxiolytic sedative Potential to increase sedative effect  
of anesthetics

At least 24 h before 
surgery

St. John’s wort: amber, goat weed, 
hardhay, Hypericum, klamatheweed

Depression Induction of cytochrome P450 enzymes, 
decreased serum digoxin levels

At least 5 days before 
surgery

Valerian: all heal, garden heliotrope, 
vandal root

Insomnia Potential to increase sedative effect  
of anesthetics

No data

Source: Reprinted with permission from Ang-Lee et al. [27]. Copyright © 2001 American Medical Association. All rights reserved
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long as the period of immobilization that led to the decline. 
Methods of measuring functional status are described below.

Measures of Functional Status

American Society of Anesthesiologists Classification

For decades, the American Society of Anesthesiologists 
(ASA) Physical Status Classification has been one of the most 
reliable and accurate predictors of surgical mortality. This 
simple classification ranks patients according to the functional 
limitations imposed by coexisting disease (see Table 25.4). 
Despite its subjective nature, ASA classification has repeat-
edly been shown to accurately predict postoperative out-
comes. Curves for mortality versus ASA class in older patients 
are superimposable on those of younger patients, thus demon-
strating that coexisting disease, rather than chronologic age, 
has the most profound impact on surgical outcome [30]. Even 
for patients over age 80, ASA classification has been shown 
to predict postoperative mortality accurately [31].

The value of the ASA classification is further demon-
strated by the results of a large, multicenter Department of 
Veterans Affairs (VA) study begun in 1991, later referred to 
as the National Surgical Quality Improvement Project 
(NSQIP), in which surgical patients were assessed prospec-
tively for operative risk. Risk-adjusted models were then cre-
ated to allow comparison of the quality of surgical care among 
institutions [32]. Sixty-eight preoperative and intraoperative 
variables were collected, and nine models for mortality and 
morbidity (one for each subspecialty and one overall) were 
created [33, 34]. Serum albumin and ASA class were the top 
two risk factors for both mortality and morbidity. Disseminated 
cancer was ranked third for mortality while operation com-
plexity was ranked for morbidity [35]. The ASA functional 
classification was the second most predictive factor for mor-
tality and the most predictive for morbidity after serum albu-
min. A discussion of the predictive value of serum albumin is 
found below under “Nutritional Assessment.”

Activities of Daily Living

Activities of daily living (ADLs) are physical tasks per-
formed routinely, namely bathing, dressing, personal groom-
ing, toileting, transferring, walking, and eating [36]. 
Instrumental activities of daily living (IADLs) are higher 
order tasks performed regularly such as telephone use, trans-
portation, meal preparation, shopping, housework, medica-
tion management, and managing finances. Studies have 
demonstrated an association between ADLs or IADLs and 
operative outcomes. For example, the Preoperative 
Assessment of Cancer in the Elderly (PACE) study conducted 

in the UK demonstrated that among older patients electively 
scheduled for cancer surgery, individuals with IADL 
dependence (RR 1.43), poor performance status (RR 1.52), 
and moderate/severe fatigue (RR 1.64) all had higher rates of 
postoperative complications [37]. Similar findings have also 
been demonstrated in less specific patient populations [38].

Exercise Capacity (in Metabolic Equivalents)

Exercise tolerance, as an indication of functional reserve, is 
the single most important predictor of cardiac and pulmonary 
complications following noncardiac surgery. In a study com-
paring Dripps Criteria (ASA), Goldman Clinical Criteria, pul-
monary function tests, exercise tolerance, and several other 
variables, Gerson et al. demonstrated that the inability to raise 
the heart rate to 99  beats/min while doing 2  min of supine 
bicycle exercise was the most sensitive predictor of postopera-
tive cardiac and pulmonary complications, and death [39, 40].

The physiologic basis for this finding has been further 
clarified by a study in which older patients performed supine 
ergometry while connected by mouthpiece to a metabolic cart 
[41]. The authors identified an anaerobic threshold – defined 
as the level of oxygen consumption above which circulatory 
supply could not meet metabolic demand – and correlated 
this threshold with surgical outcome. For those patients able 
to reach an anaerobic threshold of 11 ml/kg/min or more, the 
mortality was 0.8% compared with 18% for those unable to 
reach this threshold. Even in patients who experienced isch-
emia at the time of exercise testing, threshold levels were 
highly predictive of postoperative mortality (Table 22.2).

Formal exercise testing is neither readily available nor 
practical in a routine preoperative clinic. However, the meta-
bolic requirements for many routine activities have already 
been determined and are quantified as metabolic equivalents 
(METs). The Duke’s Activity Status Index is an example of 
a standardized self-assessment tool that quantifies METs [42]. 
One MET, defined as 3.5  ml/kg/min, represents the basal 
oxygen consumption of a 70-kg, 40-year-old man at rest. 
Estimated energy requirements for various activities are shown 
in Table 22.3 [43]. The inability to function above four METs 
has been associated with increased perioperative cardiac 
events and long-term risk. Functional capacity of the individ-
ual can be estimated by inquiring about the ability to perform 
these routine physical activities.

Table 22.2  Mortality in relation to anaerobic threshold

Anaerobic 
Threshold 
(ml/min/kg)

All patients Patients with ischemia

No. % Mortality No. % Mortality

<11 55 18 19 42
>11 132   0.8 25 4

p<0.001 p<0.01
Source: Reprinted with permission from Older et al. [41]
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Tests of Functional Ability

Preoperative gait speed, balance, and upper extremity 
strength have been shown to correlate with postoperative 
recovery. Utilizing the Timed Get Up and Go, Hand Grip 
Strength, and Functional Reach Test as measures of phys-
ical status, Lawrence et al. have shown that older adults 
with intact preoperative physical status recover more 
quickly than persons with preoperative physical limita-
tions [44]. Results from a study by Moriello et al. support 
the use of gait speed as a measure of postoperative recov-
ery [45].

In addition, Lawrence et  al. [44] demonstrated that 
recovery of various functions may not occur concurrently. 
While cognitive status recovery was relatively quick (3 
weeks), gait speed (6 weeks), balance (6 weeks–3 months), 
and IADL abilities (3–6 months) took longer to return to 
preoperative levels [44]. Upper extremity strength mea-
sured by grip strength took the longest to recover and had 
not returned to baseline levels even after 6 months for some 
individuals. A description of the Timed Get Up and Go, 
Hand Grip Strength, and Functional Reach Tests is included 
below.

Timed Get Up and Go: For this test, participants are seated in 
a straight back chair. They are instructed to rise from the 
chair without using the armrests, ambulate 10 ft, turn around, 
walk back to the chair, and sit down. Completing the test in 
10 s or less is a normal result.

Hand Grip Strength: This measure is calculated as the 
kilograms of pressure applied to a handheld dyanometer. 
Preoperative mean grip strength for the population of older 
patients examined by Lawrence et al. was 27 ± 11 kg [44].

Functional Reach Test: For this test, participants are asked 
to lean against the wall with their arm outstretched and 
their hand clenched in a fist. They are instructed to lean 
forward as far as possible without losing their balance. 
Persons who can reach 10 in. or more are at lowest risk for 
falling in the future.

Prehabilitation

It seems intuitive that improving exercise capacity 
preoperatively would result in better postoperative outcomes. 
However, to date, little data exist about the effectiveness of 
prehabilitation – exercise therapy conducted before surgery. 
However, what data do exist have shown postoperative 
benefits for some, but not all, patient groups. Orthopedic sur-
gery patients engaged in prehabilitation did not show improve-
ments in their health-related quality of life (HR-QOL) or 
recovery [28]. As reported by Carli, one study demonstrated 
that 275 elderly patients electively scheduled for abdominal 
or cardiac surgery, who participated in prehabilitation, had 
improved HR-QOL, fewer postoperative complications, 
shorter hospitalization, and lower levels of functional disabil-
ity compared with a control group of sedentary patients [28]. 
More research in the area is clearly needed.

Nutritional Assessment

ASK the question �“Have you lost 10 pounds or more in the last  
6 months without trying to do so?”

DO the test Height & weight (BMI), serum albumin

Poor nutrition has been long recognized as a risk factor for 
pneumonia, poor wound healing, and other postoperative 
complications. Malnutrition, defined as a decrease in nutri-
ent reserves, occurs in approximately 0–15% of community 
dwelling elderly persons, 35–65% of older patients in acute 
care hospitals, and 25–60% of institutionalized elderly [46] 
(see Chap. 6). Physiological changes that occur with aging, 
such as increased total body fat, loss of lean body mass, 
decreased bone density, and decreased total body water, may 
all affect nutritional requirements [47].

The assessment of nutritional status begins by understand-
ing the risk factors for nutritional deficiency in older adults. 

Table 22.3  Estimated energy requirements for various activities

Can you… Can you…

1 MET Take care of yourself? 4 METs Climb a flight of stairs or walk up a hill?
Eat, dress, or use the toilet? Walk on level ground at 4 mph (6.4 kph)?
Walk indoors around the house? Run a short distance?
Walk a block or 2 on level ground at 

2–3 mph (3.2–4.8 kph)?
Do heavy work around the house like scrubbing 

floors or lifting or moving heavy furniture?
4 METs Do light work around the house like dusting 

or washing dishes?
Participate in moderate recreational activities like 

golf, bowling, dancing, doubles tennis, or 
throwing a baseball or football?

Greater than 10 METs Participate in strenuous sports like swimming, singles 
tennis, football, basketball, or skiing?

Source: Reprinted from Fleisher et al. [43], with permission from Elsevier
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Factors that may lead to inadequate intake and utilization of 
nutrients include inability to access food (e.g., financial 
constraints, availability of food, limited mobility), lack of the 
desire to eat food (e.g., living alone, impaired mental status, 
chronic illness), inability to eat and/or absorb food 
(e.g., poor dentition, chronic gastrointestinal problems such 
as gastroesophageal reflux disease or diarrhea), and medica-
tions that interfere with appetite or nutrient metabolism.

Preoperative Serum Albumin

Serum albumin is a strong predictor of outcome in both non-
surgical and surgical patients. Evidence demonstrates that 
low serum albumin in hospitalized elderly patients correlates 
with increased length of stay, increased rates of readmission, 
decreased rates of discharge to home, and increased all-cause 
mortality [48]. In surgical patients, low preoperative serum 
albumin has also been shown to correlate with postoperative 
morbidity and mortality [49]. Data from the NSQIP demon-
strate an inverse relationship between serum albumin and 
30-day morbidity and mortality (Fig. 22.5) [50].

Nutrition Screening Tests

Complicated markers of malnutrition exist [46] but are not 
necessary in the routine surgical setting. Subjective assess-
ment by history and physical examination, in which risk fac-
tors and physical evidence of malnutrition are assessed, has 
been shown to be as effective as objective measures of nutri-
tional status [51]. Additionally, there is evidence to support 
the use of a simple screening question “Have you lost 10 
pounds or more in the last 6 months without trying to do so?” 
to diagnose malnutrition in older adults [52].

Body Mass Index (BMI) measured by weight in kilograms 
divided by height in meters squared, has been shown to cor-
relate with surgical outcomes. Underweight and overweight 
persons have both been shown to have worse surgical out-
comes compared with persons with normal weight [53, 54].

The Subjective Global Assessment (SGA) is one relatively sim-
ple reproducible tool for assessing nutritional status from the 
history and physical exam [55]. SGA ratings are most strongly 
influenced by loss of subcutaneous tissue, muscle wasting, and 
weight loss. In a study of patients undergoing elective gastroin-
testinal surgery, both SGA and serum albumin were predictive 
of postoperative nutrition-related complications [56].

The Mini Nutritional Assessment (MNA) is another instru-
ment that is designed to identify older adults at risk for 
malnutrition [57]. A short form of the MNA has been devel-
oped and used preoperatively (Table 22.4) [58].

Preoperative Nutritional Supplementation

Data confirming that the reversal of nutritional defects, by 
using enteral or parenteral supplementation prior to surgery, 
improves outcomes are few and inconclusive. However, 
some initial studies suggest that improving preoperative 
nutrition may positively impact perioperative outcomes. In 
one such study, cardiac surgery patients who received a pre-
operative oral immune-enhancing nutritional supplement 
had lower rates of pneumonia compared with individuals 
who did not receive supplementation; rates of urinary tract 
and wound infections did not differ [59].

Information obtained during the preoperative nutritional 
assessment will be particularly useful for perioperative deci-
sions regarding nutritional support. A flow diagram regard-
ing which patients should be considered for nutritional 
support perioperatively is illustrated in Fig. 22.6 [47].

Cognitive Assessment

ASK the questions “Do you have problems with your memory?”
“Do you drink alcohol during the day or 
before going to bed at night?”

DO the test Mini-Cog

The perioperative cognitive assessment tends to be under-
valued and underapplied as a predictor of postoperative out-
come. However, cognitive dysfunction as either a presurgical 
condition or postoperative complication can interfere with 
surgical treatment and postsurgical recovery. Patients with 
dementia and/or delirium have worse perioperative outcomes. 
Dementia, the clinical manifestation of chronic cognitive 
impairment, is the major risk factor for delirium, an acute 

Figure 22.5  Relationship between albumin and 30 day mortality. Data 
from the National Surgical Quality Improvement Program showing 
30-day operative mortality as a function of serum albumin for several 
different surgical specialties and for all specialties combined (reprinted 
with permission from [49]. Copyright © 1999 American Medical 
Association. All rights reserved).
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Figure 22.6  Decision flow chart for implementing perioperative nutrition support in geriatric patients (modified from Lugli [47], with permission 
from Elsevier).

Table 22.4  Mini-nutritional assessment-short form

Question Score

A.	� Has food intake declined over the past three months due to loss of 
appetite, digestive problems, chewing or swallowing difficulties?

  0 = severe loss of appetite
  1 = moderate loss of appetite
  2 = no loss of appetite

B.	� Weight loss during last 3 months
  0 = weight loss greater than 3 kg (6.6 lbs)
  1 = does not know
  2 = weight loss between 1 and 3 kg (2.2 and 6.6 lbs)
  3 = no weight loss

C.	 Mobility
  0 = bed or chair bound
 � 1 = able to get out of bed/chair but does not go out
  2 = goes out

D.	 Has suffered psychological stress or acute disease in the past 3 months
  0 = yes
  2 = no

E.	 Neuropsychological problems
  0 = severe dementia or depression
  1 = mild dementia
  2 = no psychological problems

F.	 Body Mass Index (BMI) (weight in kilograms)/(height in meters)2

  0 = BMI less than 19
  1 = BMI 19 to less than 21
  2 = BMI 21 to less than 23
  3 = BMI 23 or greater

Screening score (subtotal max. 14 points)
 � 12 points or greater:  Normal – no need for further assessment
 � 11 points or below:  Possible malnutrition – continue assessment

Source: Reprinted from Rubenstein et al. [58], with permission from the Oxford University Press
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reversible state of confusion, during hospitalization. As such, 
it is important to identify patients who have baseline cognitive 
impairment, even at mild levels, in the preoperative period.

Screening Tools for Dementia

There are several methods for evaluating baseline cognitive 
function in the elderly. Each of these instruments, although 
extremely informative, may take 5–10  min to administer 
which may not be practical in a busy preoperative clinic. The 
exception is the Mini-Cog, a quick and practical screening 
tool for dementia that can be completed in 2–4 min.

The Mini-Cog has sensitivity and specificity rates similar to 
the Folstein Mini Mental Status Examination (MMSE) and a 
standardized neuropsychological battery [60]. Participants are 
asked to recall three words and to draw a clock indicating an 
abstract time such as one forty five (1:45) or ten after 11 
(11:10). The three item word recall assesses short-term mem-
ory, while the clock drawing task assesses for key features of 
executive function such as initiation, planning, and multistep 
processing. The instructions for the administration and scoring 
of the Mini-Cog can be found in Appendix 22.1.

The Folstein Mini Mental Status Examination (MMSE) has 
become widely accepted for its ease of administration and 
reliability [61]. The MMSE allocates a total of 30 points to 
five areas (1) orientation, (2) registration, (3) attention/calcu-
lation, (4) recall, and (5) language. MMSE scores are influ-
enced by several factors including age and educational 
attainment. As such, MMSE scores should be interpreted 
according to population-based norms for age and educational 
level as shown in Table 22.5 [62].

The Telephone Interview for Cognitive Status (TICS) is a 
validated, reliable modification of the MMSE, which can be 

easily administered over the telephone [63]. The TICS has a 
maximum score of 38.

The St. Louis University Mental Status (SLUMS) Examination 
is a dementia screening instrument that allocates 30 points to 
four areas (1) orientation, (2) memory, (3) attention, and (4) 
executive function (Appendix 22.2) [64]. The sensitivity and 
specificity of the SLUMS has been shown to be similar to the 
MMSE; the SLUMS may be better able to detect mild cogni-
tive impairment.

Delirium

Estimates of postoperative delirium rates vary significantly 
depending upon the type of surgery performed. Delirium is 
reported in <5% of older patients after cataract surgery, 35% 
of patients after vascular surgery, and 40–60% of older 
patients after hip fracture repair [65]. Delirious surgical 
patients have more major complications, longer hospitaliza-
tions, costlier hospital stays, higher rates of discharge to 
long-term care facilities, and higher rates of death compared 
with nondelirious patients [66]. In addition, postoperative 
delirium has been shown to persist for several months after 
surgery, up to three, in a significant percentage of older 
patients [67]. Thus, identifying preoperative patients at high-
est risk for delirium has the potential to significantly improve 
perioperative outcomes. Marcantonio et al. developed a clin-
ical prediction rule for postoperative delirium from a large 
prospective study of major elective noncardiac surgery 
patients over age 50 years [66]. The independent correlates 
for postoperative delirium and the point system devised to 
quantify the risk of delirium are illustrated in Table 22.6. For 
additional information on delirium, please refer to Chap. 16.

Unrecognized alcohol abuse should always be included 
on the list of potential causes of delirium. Older adults may 
not report their intake of alcohol with meals or prior to 
bedtime. Forced abstinence as a result of hospitalization 
may present in a mild form such as evening agitation or 

Table 22.6  Clinical prediction rule for postoperative delirium

Risk factor Points

Age ³ 70 years 1
Alcohol abuse 1
TICS score < 30 1
SAS class IV 1
Markedly abnormal preoperative sodium, 

potassium, or glucose level
1

Aortic aneurysm surgery 2
Noncardiac thoracic surgery 1
Total points Risk of delirium, %
0 2
1 or 2 11
³3 50
Source: Marcantonio et al. [66]. Copyright © 1994 American Medical 
Association. All rights reserved

Table 22.5  Norms for the mini-mental state examination by age and 
education

Education

Age range

50–54 55–59 60–64 65–69 70–74 75–79 80–84 85+

0–4 years
Mean 23 22 23 22 22 21 20 19
SD 2.6 2.7 1.9 1.7 2.0 2.2 2.9 2.3

5–8 years
Mean 27 26 26 26 26 25 25 23
SD 2.4 2.9 2.3 1.7 1.8 2.1 1.9 3.3

9–12 years
Mean 28 28 28 28 27 27 25 26
SD 2.2 2.2 1.7 1.4 1.6 1.5 2.3 2.0

13 or more years
Mean 29 29 29 29 28 28 27 27
SD 1.9 1.5 1.3 1.0 1.6 1.6 0.9 1.3

Source: Reprinted with permission from Crum et al. [62]. Copyright © 
1993 American Medical Association. All rights reserved
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“sundowning” or in a more severe form such as delirium 
tremors (DTs). Older patients should be specifically asked 
about mealtime and/or bedtime alcohol use. More compre-
hensive alcohol screening tools specifically designed for 
older adults, such as the Michigan Alcohol Screening Test-
Geriatric Version [68] (see Appendix 22.3), are available.

Mental status changes in older surgical patients are often 
the earliest signs of a postoperative complication. If an older 
patient presents with an altered mental status in the periop-
erative period, knowledge of his or her preoperative cogni-
tive status provides critical information for determining the 
extent and aggressiveness of intervention warranted.

Depressive Symptoms

Not all patients who perform poorly on screening examina-
tions will have cognitive impairment. Patients with depres-
sive symptoms may appear to have cognitive impairment as 
a result of providing little effort during testing. In addition, 
patients with depressed mood may exhibit less desire to par-
ticipate in rehabilitation activities. Interestingly, one study 
[69] demonstrated an association between number of depres-
sive symptoms reported by older adults on the Geriatric 
Depression Scale (GDS) and delirium. Persons who reported 
more depressive symptoms preoperatively had higher inci-
dence rates, and more days, of delirium postoperatively.

The GDS [70] is a 15-item questionnaire that can be 
administered in person or over the telephone. Respondents 
provide a yes or no response to the questions posed. A score 
³5 indicates depression is a possibility. The GDS is reprinted 
in Appendix 22.4.

Specific Organ System Evaluations

Although cardiac and pulmonary complications are the most 
common postoperative events for older patients, physiologi-
cal changes in the renal and hepatic systems also place older 
adults at risk. Complications due to specific organ system 
problems may prolong hospitalization and contribute to 
functional decline, necessitating the addition of rehabilita-
tion services upon discharge. Thus, preoperative history or 
physical examination findings consistent with clinically sig-
nificant cardiac, pulmonary, renal or hepatic disease warrant 
investigation, monitoring, and/or intervention.

Pulmonary Assessment

Comparatively much more attention has been paid to the 
preoperative evaluation and optimization of cardiac risk factors 

than pulmonary risk factors. However, there is evidence to 
support the assertion that pulmonary complications are equal 
determinants of postoperative morbidity, mortality, and length 
of stay for older surgical patients [71]. This assertion is sup-
ported by the findings of a large study in which the 30-day 
mortality rate for persons with postoperative pneumonia was 
21 versus 2% for persons without postoperative pneumonia 
[72]. In the literature, pulmonary complications refer to a vari-
ety of conditions including pneumonia, respiratory insuffi-
ciency, respiratory failure, atelectasis, acute respiratory distress 
syndrome, and pleural effusions. It is important to remember 
that aspiration is one of the leading causes of these complica-
tions. While aspiration is possible in any age group, monitor-
ing for aspiration is especially important in the elderly. As 
with all adverse surgical outcomes, pulmonary complications 
are more common following emergency operations. Given the 
high prevalence of emergency surgery in persons over the age 
of 65, this is of particular significance for older adults.

Risk Factors

Patient, procedure, and laboratory factors have all been 
implicated as increasing the odds of developing postopera-
tive pulmonary complications. A recent systematic review 
examined the literature regarding risk factors and subsequent 
pulmonary complications [71]. The patient and procedure-
related factors for which there was good or at least fair 
evidence to support the association between the risk factor 
and postoperative pulmonary complications are presented in 
Tables 22.7 and 22.8.

Patient-Related Risk Factors

Subtle nasopharyngeal dysfunction is frequently unrecog-
nized in the elderly but is known to be a factor predisposing 
to aspiration pneumonia. Devices that traverse the orophar-
ynx may further disrupt the normal swallowing process and 

Table  22.7  Potential patient-related risk factors for postoperative 
pulmonary complications

Risk factor Odds ratio

Advanced age 2.09–3.04
ASA class ³ II 2.55–4.87
Heart failure 2.93
Functionally dependent 1.65–2.51
Chronic obstructive pulmonary disease 1.79
Weight loss 1.62
Impaired sensorium 1.39
Cigarette use 1.26
Alcohol use 1.21
Source: Modified from Smetana [71], with permission from the 
American College of Physicians
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further increase the risk of aspiration. In one multivariate 
analysis, postoperative nasogastric intubation was the single 
most important variable associated with postoperative pul-
monary complications [73]. In another study of cardiac sur-
gery patients, the use of transesophageal echocardiography 
probes intraoperatively was significantly associated with the 
development of postoperative aspiration [74].

Several conditions, commonly found in older adults, increase 
the risk of aspiration. These include cognitive impairment, prior 
stroke, xerostomia (dry mouth), poor dentition, gastroesopha-
geal reflux disease (GERD), and diabetes. Thus, aspiration pre-
cautions are particularly important in this population.

Several studies have examined the impact of age on post-
operative pulmonary complications with equivocal results. 
Studies that were not controlled for the presence of comorbid 
conditions indicate 4–45% of persons over the age of 70 
develop postoperative pulmonary complications. More recent 
reviews of the literature suggest that older age remains an 
independent predictor of postoperative pulmonary complica-
tions even after adjusting for comorbid conditions [71].

The ASA classification, a subjective assessment of over-
all functional and physical well-being (see above), has 
been shown to be an accurate predictor of postoperative 
cardiac and pulmonary status [75]. Similarly, functional 
dependence is an important determinant of postoperative 
pulmonary complications. Individuals who are either 
unable to complete any ADLs or require assistance from 
another person or device have been shown to have worse 
pulmonary outcomes compared with functionally indepen-
dent persons [76].

The most commonly identified risk factor for postopera-
tive pulmonary complications is chronic obstructive pulmo-
nary disease. In multivariate analyses [72], the degree of 
obstructive disease (none to mild vs. moderate to severe) con-
tributed to the degree of risk. Unintentional weight loss ³10% 
in the prior 6 months, acute cognitive changes secondary to 

delirium, cigarette smoking within the past 1 year, and con-
sumption of >2 drinks/day in the past 2 weeks have all been 
shown to increase the risk of postoperative pulmonary com-
plications [72]. Of note, individuals who discontinue smok-
ing £8 weeks prior to surgery have higher rates of 
complications compared with individuals who were still 
actively smoking at the time of their operation.

Although obesity is widely thought to be associated with 
postoperative pulmonary complications, the incidence of 
pulmonary complications following surgery even for 
patients with morbid obesity is no higher than would be 
expected in a group of procedure-matched nonobese 
patients. In addition, there is little evidence that diabetes or 
well-controlled asthma affect postoperative pulmonary 
complication rates [71].

Procedure-Related Risk Factors

Procedure-related risk factors implicated in the development 
of postoperative pulmonary complications include the site of 
incision, type of anesthesia, duration of the procedure, 
amount of blood loss, type of repair (e.g., open vs. endovas-
cular), and urgency of the operation (e.g., emergency vs. 
elective) [71].

The proximity of the surgical incision to the diaphragm 
has been long known to influence the rate of postoperative 
pulmonary complications. Upper abdominal incisions are 
accompanied by a 13–33% [77, 78] pulmonary complication 
rate, compared with a 0–16% [78, 79] rate for incisions in the 
lower abdomen. Rates as high as 40% are reported with tho-
racic incisions [79, 80]. Minimally invasive procedures, such 
as laparoscopic cholecystectomy, are associated with little 
risk of pulmonary complications. In several large series rates 
as low as 0.3–0.4% were reported [81, 82].

The importance of the type of anesthesia and the length of 
operation in terms of the incidence of postoperative pulmo-
nary complications is less clear. Although most studies sup-
port the lower complication rate following regional anesthesia 
compared with general anesthesia, these results are not uni-
form. Duration of anesthesia of more than 3  h has been 
shown to be significant [73, 83].

In one retrospective analysis, intraoperative blood loss 
of more than 1,200  ml was an independent predictor of 
postoperative pneumonia [84]. This may be an indication 
of the complexity of the procedure or of underlying comor-
bidity. Although multiple transfusions are known to be 
immunosuppressive, the relation of transfusion to postop-
erative infection is not clear [85]. However, when com-
bined with the declining immunologic competence 
associated with aging, a transfusion-related alteration in 
host defenses may facilitate the development of pneumonia 
in the elderly.

Table  22.8  Potential procedure-related risk factors for postoperative 
pulmonary complications

Risk factor Odds ratio

Aortic aneurysm repair 6.90
Thoracic surgery 4.24
Abdominal surgery 3.01
Upper abdominal surgery 2.91
Neurosurgery 2.53
Prolonged surgery 2.26
Head and neck surgery 2.21
Emergency surgery 2.21
Vascular surgery 2.10
General anesthesia 1.83
Perioperative transfusion 1.47
Source: Modified from Smetana [71], with permission from the 
American College of Physicians
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Pulmonary Assessment Tools

Tests for Aspiration Risk

Evaluation for aspiration is important for all older adults with 
conditions that place them at higher risk for aspiration, such as 
persons with a history of stroke, poor dentition, or GERD. The 
3-ounce water swallow test is a time-efficient method to clini-
cally screen individuals who are at risk for aspiration [86]. 
Individuals are asked to swallow 3 ounces (90  cc) of water 
without pausing. Persons who choke, cough, are unable to 
complete the task, or have a wet quality to their voice after 
completing the task are typically referred for fiberoptic endo-
scopic evaluation. One study of 3,000 individuals, 20% of 
whom were surgical patients, demonstrated that the water 
swallow test has high sensitivity and negative predictive value 
[86]. Thus, individuals who pass the swallow test have a high 
likelihood of passing a fiberoptic endoscopic evaluation. 
However, the swallow test had a high false positive rate such 
that half of the individuals who failed the swallow test did not 
demonstrate aspiration on a fiberoptic evaluation. Fiberoptic 
evaluation should, therefore, be reserved for those persons 
with known risk factors for aspiration. Aspiration precautions, 
however, should be observed for any patient with either a failed 
water swallow test or has a know risk factor for aspiration.

Laboratory/Radiology Tests

There is good evidence that an albumin level <35  g/L 
increases the odds of postoperative pulmonary complications 
by 2.53 [71]. The evidence that other laboratory tests, such 
as chest radiography, contribute to the predictions of 
postoperative risk, is less convincing. Even though chest 
radiographs are routinely ordered as part of a preoperative 
evaluation, it is rare that the radiograph illustrates issues that 
were not discovered during the history and physical exami-
nation [71]. Preoperative chest radiographs are arguably only 
beneficial for patients with established cardiopulmonary dis-
ease and/or adults over the age of 50 who will likely receive 
an incision close to the diaphragm [71].

Pulmonary Function Evaluation

Although previous guidelines for preoperative pulmonary 
function testing suggested that spirometry was indicated for 
every patient over the age of 70 years [87], more recent data 
refute that claim. The few studies that have compared clini-
cal findings with spirometric measures do not uniformly sup-
port the use of spirometry over a comprehensive history and 
physical examination [71]. Abnormal chest findings on 
physical examination and chest radiography have been shown 

to be highly associated with postoperative pulmonary com-
plications; the data for spirometry is equivocal.

Present guidelines from the American College of 
Physicians for the use of preoperative pulmonary function 
tests are shown in Table 22.9 [76]. There is consensus that all 
patients undergoing lung resection should have pulmonary 
function tests. Individuals with uncharacterized pulmonary 
disease, known COPD or asthma, and questionable CABG 
candidacy should also be tested. However, those patients 
with normal physical examinations and good exercise toler-
ance do not benefit from additional studies.

A risk index has been developed to indentify the patients 
at highest risk for developing postoperative pneumonia [72]. 
Points are assigned depending upon the presence of various 
risk factors (Table 22.10); the maximum point value is 164. 
Individuals are classified into five risk classes: class I  
(0–15 points), class II (16–25 points), class III (26–40 
points), class IV (41–55 points), or class V (>55 points). 
Persons in the lowest risk class have an average predicted 
probability of postoperative pneumonia of 0.24%; those in 
the highest class have a probability of 15.3%.

Cardiovascular Assessment

With the aging of America it is estimated that the annual 
number of noncardiac surgical procedures performed in older 
adults will increase from the present level of six million to 
approximately 12 million over the next 30 years [43]. Four 
procedures that constitute one-fourth of the surgeries per-
formed in older adults, namely major intraabdominal, tho-
racic, vascular, and orthopedic procedures, have been 
associated with significant cardiovascular morbidity and mor-
tality. Because cardiovascular events are a leading cause of 
perioperative complications and death, preoperative evalua-
tion of cardiac risk has been studied extensively. The American 
College of Cardiology (ACC)/American Heart Association 
(AHA) Task Force on Practice Guidelines routinely publish 
guideline on perioperative cardiovascular evaluation and care 
for noncardiac surgery patients [43]. The recommendations 
provided in the guidelines are based upon the available scien-
tific evidence as well as expert opinion; the objective is to 
improve patient care. Use of the guidelines is intended to 
clarify which patients would benefit from additional cardiac 
evaluation and what evaluation should be pursued, if any.

Table 22.9  ACP guidelines for preoperative spirometry

Planned lung resection
Potential coronary artery bypass graft candidate
Known asthma
Known chronic obstructive pulmonary disease (COPD)
Probable undiagnosed COPD
Source: Data from Quaseem et al. [76]
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Clinical Risk Factors

The previous terminology of major and intermediate risk 
factors has been replaced, respectively, with active cardiac 
conditions and Revised Cardiac Risk Index clinical risk fac-
tors. The terminology of minor clinical predictors remains 
the same. The clinical risk factors are listed in Table 22.11.

Perioperative Algorithm (Appendix 22.5)

Step 1:  Determine the Urgency of Noncardiac Surgery

Preoperative cardiac evaluation is not necessary for emergency 
surgery. Patients should proceed directly to surgery; risk strati-
fication and management can be performed perioperatively.

Step 2:  Determine If Any Active Cardiac  
Conditions Exist

The presence of ³1 active cardiac conditions warrants inter-
vention and, unless deemed emergent, may result in a delay 

or cancelation of surgery. If no active cardiac conditions are 
present, proceed to the next step. Evidence suggests that 
cardiovascular intervention does not influence surgical 
outcomes in asymptomatic patients without active cardiac 
conditions. Therefore, preoperative cardiovascular screening 
is not necessary.

Step 3:  Consider the Risk of the Planned Surgery

Cardiac risk stratification according to surgical procedure is 
listed in Table 22.12. If the proposed surgery is a low-risk 
procedure, stable patients may proceed to surgery without 
cardiovascular evaluation since the results of testing are 
unlikely to warrant a change of plans.

Step 4:  Consider the Functional Capacity 
and Symptom Status of the Patient

Highly functional asymptomatic patients may proceed to sur-
gery without cardiovascular evaluation, since the results of 
testing are unlikely to warrant a change of plans. As mentioned 

Table  22.11  Clinical predictors of increased perioperative cardio
vascular risk

Active cardiac conditions
Unstable coronary syndromes

Recent myocardial infarction (>7 days but <30 days) with evidence of 
important risk based on clinical symptoms or noninvasive study

Unstable or severe angina (Canadian class III or IV) [58]
Decompensated heart failure
Significant arrhythmias

High-grade atrioventricular block
Symptomatic ventricular arrhythmias in the presence of underlying 

heart disease
Supraventricular arrhythmias with uncontrolled ventricular rate

Severe valvular disease

Revised cardiac risk index
History of ischemic heart disease
History of cerebrovascular disease
History of compensated or prior heart failure
Diabetes mellitus
Renal insufficiency

Minor predictors
Advanced age (greater than 70 years)
Abnormal electrocardiographic findings

Left ventricular hypertrophy
Left bundle branch block
ST-T abnormalities

Rhythm other than sinus
Atrial fibrillation, for example

Uncontrolled systemic hypertension
Source: Reprinted from Fleisher et  al. [43], with permission from 
Elsevier

Table 22.10  Postoperative pneumonia risk index

Preoperative risk factor Point value

Type of surgery
Abdominal aortic aneurysm repair 15
Thoracic 14
Upper abdominal 10
Neck 8
Neurosurgery 8
Vascular 3

Age
³80 years 17
70–79 years 13
60–69 years 9
50–59 years 4

Functional status
Totally dependent 10
Partially dependent 6
Weight loss > 10% in past 6 months 7
History of chronic obstructive pulmonary disease 5
General anesthesia 4
Impaired sensorium 4
History of cerebrovascular accident 4

Blood urea nitrogen level
<2.86 mmol/L (<8 mg/dL) 4
7.85–10.7 mmol/L (22–30 mg/dL) 2
³10.7 mmol/L (³30 mg/dL) 3
Transfusion > 4 units 3
Emergency surgery 3
Steroid use for chronic condition 3
Current smoker within 1 year 3
Alcohol intake > 2 drinks/day in past 2 weeks 2

Source: Modified from Arozullah [72], with permission from the 
American College of Physicians
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above, questioning patients on their ability to perform certain 
activities for which the estimated MET values are known 
provides individual scoring of functional capacity (Table 22.3). 
Utilizing METs, functional capacity can be classified as excel-
lent (>10), good (7–10), moderate (4–6), or poor (<4). Patients 
unable to meet a four-MET demand during most normal daily 
activities are at increased risk for perioperative cardiopulmo-
nary and long-term complications.

Step 5:  Determine If Clinical Risk Factors 
Are Present For Patients with Poor Functional 
Capacity or Symptoms

If no clinical risk factors are present, the patient may proceed 
to surgery without further evaluation. If ³3 clinical risk fac-
tors are present, cardiac risk stratification (Table 22.12) must 
be considered.

Renal Assessment

Physiological Changes of the Aging Kidney

Renal insufficiency is often asymptomatic in older adults. 
Preoperative renal insufficiency is a strong predictor of peri-
operative cardiac and pulmonary morbidity [88]. Moreover, 
impaired preoperative kidney function increases the likeli-
hood of perioperative kidney failure. Physiological changes 
that occur with aging, namely decreases in renal plasma flow 
and glomerular filtration rate (GFR), contribute to the 
increased rates of renal insufficiency among older adults. 

Muscle mass also decreases with age. As a result, serum 
creatinine level may not accurately estimate renal function in 
older adults. (A complete discussion of changes in renal 
physiology can be found in Chap. 76.)

Glomerular Filtration Rate

Accurately assessing GFR is an essential component of the 
preoperative renal evaluation for older adults. GFR can be 
estimated via the Cockcroft–Gault equation for creatinine 
clearance (CrCl):

CrCl = (140 – age) ´ Ideal body weight / 
(Serum creatinine ´ 72) (´ 0.85 for women)

Ideal body weight = 2.3 kg for every inch over 5 ft
+ [50 kg (men) or 45.5 kg (women)]

More recent formulas, such as the Modification of Diet in 
Renal Disease (MDRD) equation, may also be used to 
calculate GFR and stage chronic kidney disease [89]. The 
MDRD equation takes into account serum creatinine level, 
age, race, and gender. A free online MDRD calculator can be 
accessed at http://www.mdrd.com.

In addition to calculating GFR, identifying patient 
medications that are cleared by the kidneys is warranted dur-
ing a preoperative assessment. Medications that are cleared 
by the kidney may need to be administered at a lower dose, 
with a longer dosing interval, or avoided altogether in indi-
viduals with impaired GFR (<30 mg/dL). Avoiding dehydra-
tion preoperatively and perioperatively is a vitally important 
management issue. Older adults are predisposed to dehydra-
tion due to impairments with the thirst drive with increasing 
age. Thus, monitoring for appropriate hydration, especially 
in patients recently restarted on a diet after a period of noth-
ing-by-mouth (NPO) status is warranted.

Hepatic Assessment

Liver failure is an important predictor of poor perioperative 
outcomes [88]. Physiological changes that occur with aging 
may increase the risk of hepatic dysfunction. Liver blood flow, 
size, and mass all decrease with increasing age, as does cyto-
chrome P450 content. As a result, medications that undergo a 
first pass effect, such as nitrates, may have a higher serum con-
centration or higher bioavailability in older adults. Additionally, 
the metabolism of medications, in particular anesthetic agents, 
can be impaired in adults over the age of 65. Obtaining an 
accurate history of current and previous alcohol use should be 
incorporated into the preoperative hepatic assessment. 
Laboratory evaluation of liver function tests including albu-
min, and the coagulant profile are also recommended.

Table  22.12  Cardiac risk stratification for noncardiac surgical 
procedures

Vascular (reported cardiac risk often more than 5%)
Aortic or other major vascular surgery
Peripheral vascular surgery

Intermediate (reported cardiac risk generally 1–5%)
Carotid endarterectomy
Head and neck surgery
Intraperitoneal and intrathoracic surgery
Orthopedic surgery
Prostate surgery

Low (reported cardiac risk generally less than 1%)
Endoscopic procedures
Superficial procedures
Cataract surgery
Breast surgery
Ambulatory surgery
Source: Reprinted from Fleisher et al. [43], with permission from Elsevier
Risk denotes combined incidence of cardiac death and nonfatal myo-
cardial infarctions
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Processes of Care to Improve Outcomes

Preoperative Evaluation  
of Postoperative Needs

Once the decision to proceed with surgery has been made, 
planning for the postoperative period should begin. In particu-
lar, knowledge of the geriatric surgical patient’s social support 
structure will help guide postoperative discharge decisions. A 
functionally independent individual living with involved fam-
ily members, for example, requires far less ancillary support 
than a frail individual living alone. Preoperative patients who 
do not receive adequate support from family, friends, or paid 
professionals are unlikely to be discharged home postopera-
tively, when their needs are likely to be greater, unless addi-
tional support can be arranged. If a patient’s needs exceed the 
level of assistance home services can provide, then short-term 
rehabilitation or long-term care placement may be indicated. 
Assistance with housework, laundry, and driving are just a few 
examples of needs that may originate during the postoperative 
period. If possible, patients should be encouraged to make 
arrangements for additional home support, prior to surgery. If 
informal assistance is not available, involving care coordina-
tion as early as possible may smooth the transition from hos-
pital to home. Determining the level of additional support 
required and preparing for this support prior to surgery allows 
the patient to prepare for their entire recovery period and may 
positively affect compliance with follow-up care.

Surgery–Geriatrics Comanagement Models

As previously discussed, older adults have an increased risk 
of postoperative adverse outcomes including mortality, lon-
ger hospitalization, and new discharge to a long-term care 
facility. A combined surgery–geriatrics comanagement care 
model has been utilized in various hospitals outside of the 
USA for several years; some US hospitals have recently 
implemented similar models. Comprehensive Geriatric 
Assessment (CGA) is a common component of comanage-
ment models instituted for patients scheduled for elective 
surgery. CGA typically includes preoperative cognitive, 
functional, and nutritional assessments; mood evaluation; 
and medication review. In one study, older patients who had 
CGA as part of a comanagement model had shorter hospital-
izations (11.5 vs. 15.8 days) and fewer delayed discharges 
(24.1 vs. 70.4%) [90]. In another study, older hip fracture 
patients who were assessed by the geriatrics service within 
24 h of admission and subsequently comanaged by geriatrics 

and orthopedic surgery throughout the remainder of their 
hospitalization had lower rates of delirium (RR = 0.64) and 
severe delirium (RR = 0.4) compared with patients who 
received usual care [91]. A collaboration of surgeons and 
geriatricians in Japan has used the functional and cognitive 
components of CGA to predict which thoracic surgery 
patients are at highest risk for postoperative complications 
[92]. Additional studies are necessary in order to fully under-
stand all the benefits afforded to older surgical patients who 
receive care via combined surgery–geriatrics comanagement 
programs. Perhaps comanagement programs will emerge as 
a low risk, cost-effective means to improve perioperative 
and postoperative outcomes for older surgical patients. 
Given the expected increase in the number of older adults in 
the next few decades, any intervention or model of care that 
improves outcomes for geriatric surgical patients would 
likely make a significant contribution to the overall US 
healthcare system.

Summary

Successful surgical care of the older patient requires a full 
understanding of the factors that will influence the postoperative 
recovery of each individual. Determining these factors need 
not take an excessive amount of time or require elaborate test-
ing. A thorough history and physical examination will iden-
tify serious comorbidity that may direct additional specific 
testing. Assessment of the factors specific to the older patient 
can be done by asking these simple questions:

	1.	 “Can you carry a bag of groceries up a flight of steps 
without getting short of breath?”

	2.	 “Have you lost 10 pounds or more in the last 6 months 
without trying to do so?”

	3.	 “Do you have problems with your memory?”
	4.	 “Do you drink alcohol occasionally, with meals, or before 

going to bed?”

…and doing these three tests:

	1.	 Timed Get Up and Go
	2.	 Height, weight, BMI, serum albumin
	3.	 Mini-Cog

The need for further testing or preoperative preparation will 
be guided by the results of these simple assessments.

Improving the care of the older surgical patient presents 
special challenges. However, these challenges may be over-
come by developing patient-centered treatment plans that 
recognize individual preferences, geriatric-specific issues, 
and the physiological changes that occur with aging.
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Appendix 22.2  St. Louis University Mental Status (SLUMS) Examination

1.	 What day of the week is it? 1 point

2.	 What is the year? 1 point
3.	 What state are we in? 1 point
4.	 Please remember these five objects I will ask you what they are later

Apple Pen Tie		 House	 Car

5.	 You have $100 and you go to the store and buy a dozen apples for $3 and a tricycle for $20
How much did you spend? 1 point
How much do you have left? 2 points

6.	 Please name as many animals as you can in 1 min
0–5 animals 0 points
5–10 animals 1 point
10–15 animals 2 points
15+ animals 3 points

7.	 What were the five objects I asked you to remember? 1 point for each one correct
8.	 I am going to give you a series of numbers and I would like you to give them to me backwards. For example, if I say 42, you would say 24

87 0 points
649 1 point
8,537 2 points

9.	 This is a clock face. Please put in the hour markers and the time  
at 10 min to 11 o’clock	
Hour markers okay 2 points
Time correct 2 points

10.	 Please place an X in the triangle

Which of the above figures is the largest?

(continued)

Appendix 22.1  Mini-Cog Screen for Dementia

Administration

1.	 Make sure you have the patient’s attention. Instruct the patient to listen carefully to and remember three unrelated words and then  
to repeat the words back to you (to be sure the patient heard them)

2.	 Instruct the patient to draw the face of a clock, either on a blank sheet of paper, or on a sheet with the clock circle already drawn on the page. 
After the patient puts the numbers on the clock face, ask him or her to draw the hands of the clock to read a specific time (1:45 or 11:10 are 
commonly used). These instructions can be repeated, but no additional instructions should be given. If the patient cannot complete the 
clock-drawing test (CDT) in 3 min or less, move on to the next step

3.	 Ask the patient to repeat the three previously presented words

Scoring

Give 1 point for each recalled word after the CDT distractor. Score 0–3 for recall
Give 2 points for a normal CDT, and 0 points for an abnormal CDT. The CDT is considered normal if all numbers are depicted, once each, in the 

correct sequence and position, and the hands readably display the requested time. Add the recall and CDT scores together to get the 
Mini-Cog score

0–2 positive screen for dementia
3–5 negative screen for dementia
Source: Data from [60]
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11.	 I am going to tell you a story. Please listen carefully because afterwards, I’m going to ask you some questions about it
Jill was a very successful stockbroker. She made a lot of money on the stock market. She then met Jack, a devastatingly handsome man. She 
married him and had three children. They lived in Chicago. She then stopped work and stayed at home to bring up her children. When they 
were teenagers, she went back to work. She and Jack lived happily ever after
What was the female’s name?	 2 points
What work did she do?	 2 points
When did she go back to work?	 2 points
What state did she live in?	 2 points

Scoring

High school education Less than high school education
27–30 Normal 20–30
20–27 Mild cognitive impairment 14–19
1–19 Dementia 1–14
Source: Available at http://www.medschool.slu.edu/agingsuccessfully/pdfsurveys/slumsexam_05.pdf. (See also 64)

Appendix 22.3  Michigan Alcoholism Screening Test: Geriatric Version (MAST-G)

1.	 After drinking have you ever noticed an increase in your heart rate or beating in your chest? Yes No
2.	 When talking with others, do you ever underestimate how much you actually drink? Yes No
3.	 Does alcohol make you sleepy so that you often fall asleep in your chair? Yes No
4.	 After a few drinks, have you sometimes not eaten or been able to skip a meal because you didn’t feel hungry? Yes No
5.	 Does having a few drinks help decrease your shakiness or tremors? Yes No
6.	 Does alcohol sometimes make it hard for you to remember parts of the day or night? Yes No
7.	 Do you have rules for yourself that you won’t drink before a certain time of the day? Yes No
8.	 Have you lost interest in hobbies or activities you used to enjoy? Yes No

9.	 When you wake up in the morning, do you ever have trouble remembering part of the night before? Yes No
10.	 Does having a drink help you sleep? Yes No
11.	 Do you hide your alcohol bottles from family members? Yes No
12.	 After a social gathering, have you ever felt embarrassed because you drank too much? Yes No
13.	 Have you ever been concerned that drinking might be harmful to your health? Yes No
14.	 Do you like to end an evening with a nightcap? Yes No
15.	 Did you find your drinking increased after someone close to you died? Yes No
16.	 In general, would you prefer to have a few drinks at home rather than go out to social events? Yes No
17.	 Are you drinking more now than in the past? Yes No
18.	 Do you usually take a drink to relax or calm your nerves? Yes No
19.	 Do you drink to take your mind off your problems? Yes No
20.	 Have you ever increased your drinking after experiencing a loss in your life? Yes No
21.	 Do you sometimes drive when you have had too much to drink? Yes No
22.	 Has a doctor or nurse ever said they were worried or concerned about your drinking? Yes No
23.	 Have you ever made rules to manage your drinking? Yes No
24.	 When you feel lonely, does having a drink help? Yes No
Scoring: Five or more “Yes” responses are indicative of an alcohol problem
Source: from [67]

Appendix 22.2  (continued)
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Appendix 22.4  The Geriatric Depression Scale (Short Form)
Choose the best answer for how you felt over the past week.

Answers in bold indicate depression and receive one point. Scores greater than five suggest the presence of 
depression.
Source: material available at http://www.chcr.brown.edu/GDS_SHORT_FORM.PDF. See also Sheik and 
Yesavage [70]
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Practice of surgery and anesthesiology has changed 
immensely over time. I can best comment on the field of 
anesthesiology from my vantage point as a cardiac anesthe-
siologist, but obviously, I have admired the progress and 
development of all anesthesiology during my professional 
time in the field since 1969.

I became a cardiac anesthesiologist because of my inter-
est in the cardiovascular system and the ability to rapidly 
alter it with acute pharmacologic intervention during sur-
gery. This preoccupation with cardiac surgery and anesthesia 
began in 1965 with my pharmacology research as a medical 
student and continues till today. Over this near half-century, 
we have witnessed great changes and improvements in the 
operative care of patients which merit commentary.

Of the many things that have changed over time, none is 
greater than patient selection and operative procedure. In 
early cardiac anesthesiology practice, virtually all patients 
had congenital heart disease or acquired valvular disease. 
The most morbid cardiovascular disease, coronary artery 
disease, was not amenable to the surgical approach until the 
latter half of the past century. At the same time, the age of the 
adult population with the disease has been steadily increas-
ing. I recall the days when we were doing our initial investi-
gations into the anesthetic effects of patients undergoing 
coronary bypass surgery and the average age was almost 
always 55 years. Today, the average age is much higher for 
patients undergoing coronary artery bypass surgery than in 
the past. Reasons for this include less smoking among 
patients, multiple available drugs such as statins that prevent 
cardiac events, and greater variety of nonsurgical medical 
interventions that delay surgery.

Older patients present a variety of problems to cardiac 
anesthesiologists. For example, as patients age, there is 
increased sensitivity to the central nervous system drugs that 

anesthesiologists use for sedation, sleep, analgesia, and 
anesthesia. Awareness of this is critical in prevention of 
“overdosing” the patients that results in unwanted hemody-
namic problems and prolonged somnolence after surgery. 
There is no question that the tissue of older patients is not the 
same as younger patients, and this leads to surgical hemosta-
sis issues that can be challenging for the anesthesiologist as 
well as surgeon. The entire coagulation system is also less 
functional as patients age, again raising management prob-
lems around coagulation for the anesthesiologist and sur-
geon. Although no organs function in the very old as they do 
in the young patient, the lungs and liver seem to be resilient 
to the aging process, and this is important in the all important 
areas of oxygenation and drug metabolism, respectively. 
However, renal function tends to decline, and some of the 
drugs administered by the anesthesiologist depend on good 
renal clearance including some muscle relaxants and some of 
the antiarrhythmic medications. Awareness of these potential 
problems can avoid postoperative complications.

The greatest organ of concern to the cardiac anesthesiolo-
gist caring for elderly patient is the brain. All central nervous 
system complications are increased with age. These compli-
cations vary in severity from temporary confusion to proven 
susceptibility to cognitive impairment that can prohibit 
patients from returning to preoperative functional levels. 
Stroke is the most profound and dreaded of the neurologic 
consequences of cardiac surgery. The causes of neurologic 
adverse events are still largely unknown but probably are a 
combination of compromised cerebral vascular perfusion, 
emboli from the aorta, air and other debris when the heart or 
aorta are opened, thrombi from the atria in patients with 
atrial fibrillation, and many other possible causes. It is devas-
tating to anesthesiologist, surgeon, family, and patient when 
a surgery patient is never quite the same after the procedure, 
especially when the heart or aorta has been “fixed.”

Despite the risks with cardiac surgery and the additional 
risk that age confers on these patients, the results over the 
years have steadily improved even as we have cared for older 
and more complicated patients. This is a result of many inno-
vations and improvements. The first of these is the education 
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of the cardiac anesthesiologist. Many of the anesthesiolo-
gists today who practice cardiac anesthesia have had formal 
education and a fellowship. There are journals, textbooks, 
and a whole new field of cardiac anesthesiology that has 
emerged over the past 30 years. Evidence-based knowledge 
guides the cardiac anesthesiologist today. The many drugs 
used today by anesthesiologists are better than years ago, 
and the anesthesiologist has an array of compounds to tailor 
to the needs of the patient. Technology is vastly improved as 
well. Monitoring allows the anesthesiologist to assess the 
patient on virtually a beat-to-beat basis and to look at the 
heart’s function with echocardiography. The anesthesiologist 
now is diagnostician of the heart’s anatomy and physiology, 
as well as pharmacology. The development of better pump 
oxygenators and many other life-assist devices has made it 

possible to get through surgery for patients who would not 
have been able to in the past. Finally, a major development, 
in my experience, was the introduction of myocardial protec-
tion with cardioplegia in the 1970s. This permitted prolonged 
periods of safe heart stoppage to allow the surgeon to per-
form a more perfect operation. We are still searching for 
other organ protective strategies.

Cardiac surgery has vastly improved as has cardiac anes-
thesiology over the past half-century. The two disciplines are 
complementary approaches to improve patient outcomes 
even in the very old. The same is true for all of our many 
surgical fields. Neither the surgeon nor the anesthesiologist 
can justifiably claim to have improved surgery for the patient 
alone; it has been a marvelous team effort unmatched in all 
medicine.
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Cardiovascular physiology: effects of anesthesia and aging
Physiologic effects of 
anesthesia Physiologic effects of aging

Combined effects of 
anesthesia and aging Clinical implications

Venous Slight dilation Less compliant venous system Decrease in preload Greater fluctuation in preload for a 
given volume challenge

Arterial Dilation Decreased sympathetic response, 
stiffening of arterial system

Decreased systemic vascular 
resistance

Possible hypotension, increased 
vasopressor requirements

Heart Decreased contractility Diastolic dysfunction
Left ventricular hypertrophy

Higher filling pressures 
needed to maintain  
cardiac output

Possible hypotension
Susceptible to volume overload, 

dependant on late ventricular 
filling from atrial contribution

Baroreceptor Response impaired Response impaired Response greatly impaired Greater susceptibility to hypotension

Pulmonary physiology: effects of anesthesia and aging

Physiologic effects of anesthesia Physiologic effects of aging
Combined effects of anesthesia and 
aging and their clinical implications

Shunt Hypoxic pulmonary vasoconstriction 
inhibited, atelectasis, V/ 

·Q mismatching
V/ 

·Q mismatching, increased closing 
capacity, increased PA pressures

Increased A-a gradient

Neuromodulation Decreased response to hypoxia and 
hypercarbia

Decreased response to hypoxia and 
hypercarbia

Susceptible to hypercapnea
Susceptible to hypoxemia
Susceptible to residual anesthetic 

respiratory depressant effects
Mechanics Decreased TV,  

·VE, FRC (anesthetized  
and supine)

Decreased muscle mass, Loss of lung 
elasticity

Decreased chest wall compliance

Increased work of breathing
Increased dead space ventilation
Susceptible to residual muscle relaxant

Protection Impaired cough
Impaired mucociliary clearance

Dysphagia, decreased cough reflex, 
decreased esophageal motility

Greater aspiration risk

Organ specific effects of anesthesia and aging

Physiologic effects of anesthesia Physiologic effects of aging Clinical implications

Neurologic Inhibition of neurotransmitter function Decrease in neurotransmitters Increased postoperative delirium and 
cognitive dysfunction

Renal Decreased blood flow and glomerular filtration rate Decreased renal mass Decreased drug clearance; Susceptible 
to acute renal failure

Hepatic Decreased blood flow Decreased clearance of drugs with 
high hepatic extraction ratios

Endocrine Impaired glucose tolerance Impaired glucose tolerance Hyperglycemia: Infection
Thermoregulation Vasodilatation; decreased shivering threshold Decreased muscle mass Hypothermia: Infection

Coagulopathy
Intraoperative arrhythmia
Postoperative myocardial infarction
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Introduction

This chapter focuses on the physiologic components of aging 
and anesthesia that are likely to increase perioperative com-
plications. The approach entails a separate description of 
anesthetic and aging physiology, followed by a discussion of 
how the two interact. Only the physiologic changes invoked 
by aging that provide important interactions with anesthesia 
are discussed. The reader is encouraged to consult relevant 
chapters contained in this textbook on preoperative assess-
ment and specific organ systems for a more comprehensive 
discussion of the physiologic changes with aging.

Cardiovascular Implications of Anesthesia  
in the Elderly

Cardiovascular Effects of Anesthesia

Anesthetics decrease blood pressure by decreasing left ven-
tricular contractility, decreasing systemic vascular resistance, 
and inhibiting baroreceptor function (Fig. 24.1).

Decreased ventricular contractility occurs with intrave-
nous anesthetic agents. Propofol is the most common induc-
tion agent used today and is generally thought to be a direct 

myocardial depressant. The negative inotropic effect of 
propofol is mediated by a decrease in intracellular Ca++ [1]. In 
fact, propofol is a greater myocardial depressant than the 
inhalational anesthetics [2]. Even ketamine, which produces a 
sympathetically mediated increased heart rate and blood pres-
sure, causes some direct myocardial depressant effect [3, 4]. 
It appears that opioids have minimal effects on contractility 
[3]. It has been suggested that etomidate is the induction agent 
of choice in elderly patients with limited cardiovascular 
reserve [5]. In fact, hemodynamic stability after induction 
with this agent in severely compromised patients can be 
remarkable. Etomidate can cause transient adrenal depression 
[6,7], although the effect is of questionable significance.

In comparison to the intravenous agents, inhaled anesthetic 
agents are associated with less myocardial depression. Volatile 
anesthetics decrease inotropy by means of their effects on the 
L-type Ca++ channels, the sarcoplasmic reticulum, and the 
contractile apparatus [8]. Older drugs, such as halothane and 
enflurane, cause greater decreases in myocardial contractility 
than the modern agents isoflurane, sevoflurane, and desflu-
rane [9–12]. Cardiac output is generally maintained under the 
modern agents because the myocardial depression is accom-
panied by afterload reduction [10, 13, 14].

Most anesthetic agents reduce afterload by decreasing 
arteriolar tone (Fig. 24.2). Propofol is a potent vasodilator 
[15]. Opioids are also vasodilators, though this effect is small 
when compared to propofol or the inhalational agents [16].

Figure 24.1  The effects of increasing concentrations (MAC) of halothane, 
isoflurane, desflurane, and sevoflurane on mean arterial pressure (mmHg) 
when administered to healthy volunteers. MAC is a means of defining 
dose of inhaled volatile anesthetics, higher MAC values representing 
higher anesthetic dose. One MAC equals the minimum alveolar concentra-
tion at which 50% of subjects aged 40 would not move in response to a 
surgical stimulus (used with permission from Calahan [121]).

Figure 24.2  The effects of increasing concentrations (MAC) of halothane, 
isoflurane, desflurane, and sevoflurane on systemic vascular resistance 
(dynes/s/cm5) when administered to healthy volunteers. MAC is a means of 
defining dose of inhaled volatile anesthetics, higher MAC values represent-
ing higher anesthetic dose. One MAC equals the minimum alveolar con-
centration at which 50% of subjects aged 40 would not move in response to 
a surgical stimulus (used with permission from Calahan [121]).
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Anesthetic agents blunt baroreceptor function. The degree 
of inhibition depends on the anesthetic agents administered. 
As a result, tachycardia may not be observed in response to 
hypotension. Inhalational agents blunt baroreceptor function 
in a dose-dependent manner [17]. Although both opioids and 
propofol alter baroreceptor function, the effect is much less 
than observed with the inhalational agents [2]. Significant 
bradycardia can occur, however, because of the direct vago-
tonic effect of the opioids, especially fentanyl.

Anesthetic effects on venous pooling have been an area of 
intense investigation because of the possible causal relationship 
to deep vein thrombosis. However, the impact of general anes-
thetics on venous blood flow of the lower extremities is insig-
nificant. Rather it seems that surgical stress is the primary 
mediator of perioperative decreases in venous blood flow [18].

Cardiovascular Changes with Aging That Effect 
Anesthetic Physiology
Cardiovascular aging is characterized by increased sympathetic 
tone, diminished b-adrenergic response, and stiffening of the 
left ventricle and venous and arterial systems. The increased 
sympathetic tone and arterial stiffening have several important 
long-term effects. Arterial stiffening causes hypertension late 
in systole, and this in turn causes an increased vascular load by 
means of increased pulse wave velocity and wave reflection 
[19]. This elevated vascular load is thought to be associated 
with the development of left ventricular hypertrophy [20].

With ventricular hypertrophy comes delayed relaxation 
and myocardial stiffening. Delayed relaxation impairs early 
diastolic filling [21]. This enhances the importance of late 
diastolic filling in maintaining cardiac output [22]. Late dia-
stolic filling, however, must now overcome ventricular stiff-
ness and that requires higher preload. The contribution of the 
atrial contraction to ventricular filling becomes critical and 
creates greater susceptibility to hypotension should atrial 
fibrillation occur. Thus, the combination of chronic hyper-
tension and left ventricular hypertrophy contribute to a higher 
incidence of diastolic dysfunction in the elderly. To boost 
cardiac output in the setting of increased ventricular stiff-
ness, elderly patients may depend on higher diastolic filling 
pressures. This impaired diastolic filling increases preload 
requirements. Elderly patients may be thereby predisposed 
to volume overload as they become increasingly reliant on 
preload to maintain cardiac output.

Another factor that affects diastolic filling of the ventricle is 
the relative time the heart spends in systole versus diastole. In 
the aging heart, length of diastole is shortened and systole is 
lengthened as a compensatory mechanism to maintain ejection 
fraction [23, 24]. Increased left ventricular filling does increase 
inotropy by means of the Starling forces, but the compensation 

for the systolic function is at the expense of higher diastolic 
pressures and greater time in systole [25–28]. Shortened dia-
stolic time also affects coronary perfusion [27, 28].

Stiffening of the vessel walls occurs in the venous system 
with aging. Rigid veins fail to function as a preload buffer. 
The venous system normally contains 80% of blood volume, 
so low venous capacitance means that the aging venous sys-
tem cannot accommodate excess volume or adapt to low vol-
ume states without a comparatively large change in filling 
pressure [29]. This loss of venous compliance may be associ-
ated with impairment in diastolic filling.

Conduction abnormalities occur in the elderly. Dilation 
and fibrotic change in the atria predispose the elderly to 
atrial fibrillation. Bradycardia is the second most common 
initiating rhythm after premature atrial contractions [30] and 
may increase the incidence of new onset atrial fibrillation. 
The high incidence of sinus bradycardia may be related to 
drop-out of sinus node pacemaker cells to as little as 10% of 
levels seen in young adults [23]. New onset atrial fibrillation 
during the perioperative period in the elderly frequently 
results in significant blood pressure changes. The cell popu-
lations in the aging AV node are maintained. AV conduction 
slows with aging, however, resulting in lengthened P–R 
interval [31, 32].

Cardiovascular responsiveness in the elderly is impaired. 
For instance, maximal heart rate decreases with aging, and 
can be estimated by the formula: maximum predicted heart 
rate = 220 – age [33]. As a consequence, the ability to increase 
cardiac output by means of an increase in heart rate is limited 
[20]. There is reduced adrenergic responsiveness [34], affect-
ing both the b-adrenergic [5, 35] absolute heart rate [36] 
response and inotropy [37] and a-adrenergic mediated arte-
riolar tone [38].

Rapid response to hypotension is mediated by barorecep-
tor function. The stiffening of arterial walls in the elderly 
may contribute to the well-documented decrease in barore-
ceptor response. There is a decrease in baseline vagal tone 
[39] and consequently diminished carotid sinus baroreceptor 
response to hypotension in the elderly [40, 41].

The aging of the autonomic nervous system is character-
ized by progressively limited capacity to adapt to stress. A 
main concern of the anesthesia provider in evaluating the 
elderly patient is the response to acute hemodynamic chal-
lenges in which the autonomic nervous system and its 
effectors may play an important role. The preoperative 
history can provide some indication of the competence of 
the autonomic nervous system. The patient should be spe-
cifically questioned concerning signs and symptoms of 
exercise intolerance, orthostatic hypotension, temperature 
intolerance, and unusual patterns of sweating (especially 
increased upper body sweating). If the history suggests that 
autonomic nervous system responses are attenuated, one 
has good reason to suspect that blood pressure lability will 
occur perioperatively.
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The Interplay of the Aging Cardiovascular 
System and the Effects of Anesthesia

Cardiovascular compensation occurs even in the healthy 
aging patient, and the significance of age-related change var-
ies greatly on an individual basis. Physiologic limitations, 
however, may be unmasked by anesthesia.

The most frequent cardiovascular problem that occurs 
with anesthesia in the elderly is hemodynamic instability, 
which manifests itself primarily as hypotension. This effect 
is mediated through interactions with myocardium, preload, 
and afterload. Anesthesia causes sympatholysis which results 
in decreased afterload because the primary resistance vessels 
are sympathetic sensitive. However, the ability to augment 
cardiac output to maintain blood pressure in the face of 
decreased systemic vascular resistance is lessened. Anesthesia 
decreases contractility and inhibits baroreceptor responses. 
This makes the aging heart with diastolic dysfunction more 
dependent on adequate preload to maintain cardiac output. 
The margin of safety in administering an anesthetic decreases 
as the aging heart with diastolic dysfunction becomes 
increasingly preload dependant. Important clinical situations 
in which hypotension frequently occurs in the elderly in the 
setting of relative perioperative hypovolemia include causes 
such as chronic hypertension, prolonged NPO status, 
impaired renal salt conservation, and use of diuretics [5].

Most anesthetic drugs can be used safely without hemo-
dynamic compromise in the elderly population if several 
principles are kept in mind. Anesthetic dose requirements of 
both intravenous induction agents and inhalational agents 
decrease with age. In addition, slower titration of medication 
as opposed to bolus administration may be warranted because 
changes in body composition alter the pharmacokinetics of 
intravenous agents. The loss of lean body mass, increase in 
percent body fat, and 20–30% decrease in blood volume 
observed with aging cause the initial drug bolus to be dis-
persed in a reduced volume of distribution. The so-called 
greater “sensitivity” of aged patients to the bolus administra-
tion of certain drugs has been related to a reduction in either 
the initial volume of distribution or the initial distribution 
clearance. In elderly patients compared to younger ones, the 
same bolus dose will generate a markedly higher plasma 
concentration and thus a greater pharmacologic effect.

The elderly are at increased risk of fluid overload during 
management of hypotension and correction of fluid deficits. 
The balance of euvolemia is more delicate in the elderly than 
in the younger patient, as the clinical range between hypov-
olemia and fluid overload is narrowed. Perioperative conges-
tive heart failure in the elderly occurs in a bimodal type of 
time frame. It may first appear in the immediate recovery 
phase after anesthetic emergence. It is most likely to occur 
when sympathetic tone reappears and may be the result of 

pain or fluid shifts from the peripheral vasculature to the 
heart. It may next appear on postoperative day 2–3, and likely 
occurs with mobilization of extravascular fluid. Late postop-
erative congestive heart failure is exacerbated by underlying 
renal dysfunction, and its prevention requires physician 
attentiveness and diuresis.

Mode of ventilation during anesthesia can have signifi-
cant cardiovascular effects in the elderly. Positive pressure 
ventilation decreases venous return via an increase in 
intrathoracic pressure. Similarly, hyperventilation can cause 
hypotension via impairment of venous return. An additional 
mechanism of hypotension is the decrease in sympathetic 
tone associated with hypocapnea [42–44]. Spontaneous ven-
tilation is associated with less hypotension in the elderly 
patient with diminished cardiovascular reserve, because 
venous return is augmented during inspiration.

The prone position can be associated with a significant 
reduction in the cardiac index secondary to vena caval com-
pression [45]. Both the sitting position and reverse 
Trendelenberg position decrease venous return and can 
worsen hypotension in severely preload-dependant elderly 
patients. Trendelenberg augments venous return. Lateral 
position is generally not associated with significant hemody-
namic effects. Although right lateral decubitus has improved 
venous return over the supine and left lateral decubitus posi-
tions, the effect is probably minimal except in patients with 
congestive heart failure [46].

Laparoscopic insufflation causes decreased venous return. 
This, coupled with the depressant effect of anesthetic drugs, 
can result in hypotension. It is typical for PaCO

2
 to slowly rise 

after 30 min of laparoscopy. This results from the increased 
CO

2
 load and the decreased ability to eliminate CO

2
 secondary 

to pneumoperitoneum. The hypercapnea and its associated 
increase in sympathetic tone [47] may cause hypertension and 
ectopy. Correction of hypercapnea requires ventilatory changes 
such as increased respiratory rate, tidal volume, and peak air-
way pressures, which may further impair venous return.

Elderly patients frequently take cardiovascular medica-
tions, which interact with anesthetics. For instance, brady-
cardias are apt to occur in anesthetized patients being treated 
with b-blockers and calcium channel blockers. Bradycardia 
may also be associated with anesthesia-specific medications 
such as high-dose narcotics, acetylcholinesterase inhibitors 
for reversal of neuromuscular junction blockade, and with a 
rare acetylcholine-like effect of succinylcholine (a short-
acting neuromuscular relaxant). Under rare instances, heart 
block can occur; the risk increases with preexisting bundle 
branch block. Preoperative use of ACE inhibitors [48] and 
angiotensin receptor blockers [49] has been closely associ-
ated with increased risk of hypotension in anesthetized 
patients. It is controversial, however, whether discontinuing 
these medications preoperatively will decrease the incidence 
of perioperative hypotension.
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Regional Anesthesia: Spinal and Epidural

Spinal and epidural anesthesia cause significant afterload 
reduction due to blockade of sympathetic fibers. Because the 
sympathetic fibers are small in diameter, they are highly sus-
ceptible to local anesthetic blockade. The sympathectomy 
associated with regional anesthesia has greater effects in the 
elderly because of limited ability to mount a compensatory 
response and possibly greater propensity to obtain a higher 
spinal anesthetic level [50]. With epidural anesthetics, the 
decreased compliance of the epidural space in the elderly is 
associated with achievement of a higher dermatome level 
of  anesthesia with the same dose of local anesthetic in 
comparison to younger patients. A decrease in blood pressure 
with neuraxial blockade is nearly universal and often heralds 
the onset of motor and sensory blockade (Fig. 24.3). Preload 
reduction contributes to hypotension as well as afterload 
reduction. Tachycardia is the normal compensatory response 
but may be impaired in the elderly. With a very high sensory 
level (T1–T4), the cardioaccelerator fibers may be blocked, 
thus precluding the tachycardia response and predisposing 
the patient to severe hypotension and reduction in cardiac 
output. When hypotension occurs after administration of 
spinal anesthesia in the elderly, volume loading is generally 
insufficient to correct the hypotension, and vasopressors are 
generally required [51]. Furthermore, excessive volume load-
ing can be associated with ventricular dysfunction [52].

It should be noted that the careless use of spinal anesthesia 
in a hypovolemic patient with limited cardiac reserve will 
likely result in cardiovascular collapse. These events are asso-

ciated with profound bradycardia resulting from activation of 
the Bezold–Jarisch reflex. When patients are hypovolemic 
and spinal anesthesia is to be used, it may be best to use a 
continuous catheter technique. This allows slow titration of 
drug so that hemodynamic changes have a slower onset and 
can be treated in a timely manner. Epidural anesthesia also 
can be administered slowly via a catheter so that the hemody-
namic response can be gradual and controlled. Even with 
gradual administration, there is a risk of rapid hemodynamic 
changes if the patient is not closely monitored.

Spinal and epidural anesthesia can be desirable modes of 
anesthesia in the elderly in order to attenuate the stress response 
to surgery, avoid central nervous system depressants, avoid 
airway manipulation and its associated pulmonary complica-
tions, and to assist in postoperative pain management.

Pulmonary Implications of Anesthesia  
in the Elderly

Pulmonary Effects of Anesthesia

During spontaneous ventilation, the inhalational agents 
decrease tidal volume and minute ventilation [53–55]. 
This is associated with an increase in PaCO

2
 and respira-

tory rate (Fig.  24.4). In the absence of opioids or other 
respiratory depressants, profound tachypnea can occur. 
Despite the increase in respiratory rate, however, the net 
effect on the alveoli is a decrease in ventilation. In the 
anesthetized state, spontaneous ventilation in the supine 
position results in decreased functional residual capacity 
due to cephalad displacement of the diaphragm and inward 
displacement of the ribcage [56]. The work of breathing 
[57] is increased because the weight of the abdominal 
contents must be displaced with inspiration. Decreased 
functional residual capacity means less oxygen reserve 
prior to any apneic interval.

Normal ventilatory drive depends on central and periph-
eral chemoreceptor response to hypercapnea, hydrogen ion 
concentration, and pH. The response to hypercapnea is 
independent and synergistic with the response to hypoxia. 
The carbon dioxide response curve is shifted to the right 
under anesthesia requiring higher CO

2
 [58] for a given 

minute ventilation. Likewise, there is impaired response to 
hypoxia with even minimal residual inhalational anesthetic 
levels [59].

Ventilation–perfusion (V/Q) mismatching occurs during 
anesthesia and is caused largely by atelectasis [60] and 
impaired hypoxic pulmonary vasoconstriction. Atelectasis 
commonly forms in dependent regions of the lung shortly 
after induction of anesthesia and progresses as gas is absorbed 
from poorly ventilated regions [61]. Positive end-expiratory 

Figure 24.3  The effect of spinal anesthesia on mean arterial pressure is 
shown in 15 elderly men with cardiac disease. The thoracic block level 
is noted on the “during spinal” side of the graph. The four patients with 
a baseline ejection fraction (EF) less than 50% were no more or less 
likely to demonstrate significant decreases in mean arterial pressure 
than those with normal baseline ejection fraction (used with permission 
from Rooke et al. [122]).
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pressure can reduce atelectasis formation, but large tidal vol-
ume recruitment maneuvers are generally necessary to 
reverse shunt [62]. Hypoxic pulmonary vasoconstriction 
reduces blood flow to underventilated regions, but this mech-
anism is partially inhibited by anesthetic agents [63].

Other anesthetic effects on the pulmonary system include 
impairment of bronchial mucociliary clearance in intubated 
patients [64, 65] and impairment of swallowing reflex from 
pharyngeal dysfunction and risk of aspiration at subhypnotic 
concentrations of anesthetic [66]. Decreased pharyngeal tone 
results in upper airway obstruction. The incidence of apnea due 
to upper airway obstruction is increased in obese individuals. 
Inhalational anesthetics are potent bronchial dilators in the face 
of bronchoconstriction [67], although bronchoconstriction can 
be induced during anesthesia by the stimulus of tracheal intu-
bation [68] and by the inhalational agent desflurane [69].

Pulmonary Changes with Aging That Effect 
Anesthetic Physiology

The loss of muscle mass with aging does not spare the muscles 
of respiration. Decreased muscle strength in the intercostals 
and accessory muscles of respiration impairs the ability to per-
form maximal ventilatory maneuvers and impairs the ability to 
mount a strong cough. Clearance of secretions is in part depen-
dent on the patient having sufficient strength to perform the 
maneuver. Elderly patients are less able to maintain adequate 
tidal volume and generate sufficient inspiratory or expiratory 
force. If the weakness is severe enough, it may interfere with 
extubation and weaning efforts.

Less efficient gas exchange is inherent in the aging lung. 
The incidence of overt chronic lung disease increases with 

Figure  24.4  Comparison of mean changes in resting PaCO
2
, tidal 

volume, respiratory rate, and minute ventilation in patients anesthetized 
with either halothane, isoflurane, enflurane, sevoflurane, desflurance, or 
nitrous oxide. Anesthetic-induced tachypnea compensates in part for 
the ventilatory depression caused by all volatile anesthetics (decrease in 
minute ventilation and tidal volume and concomitant increase in PaCO

2
). 

Desflurane results in the greatest increase in PaCO
2
 with corresponding 

reductions in tidal volume and minute ventilation. Isoflurane, like all 
other inhaled agents, increases respiratory rate, but does not result in 
dose-dependent tachypnea. MAC is a means of defining dose of inhaled 
volatile anesthetics, higher MAC values representing higher anesthetic 
dose. One MAC equals the minimum alveolar concentration at which 
50% of subjects age 40d would not move in response to a surgical stim-
ulus (used with permission from Barash et al. [123]).
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age, a problem compounded by smoking. Normal structural 
changes account for some of the increased risk of respiratory 
compromise in the elderly. There is a loss of elasticity of the 
lung tissue, and the chest wall becomes less compliant. The 
result is increased residual volume of the lung. Total lung 
capacity remains unchanged or slightly decreases, but the 
increase in residual volume causes a decrease in vital capac-
ity [70]. The effect is increased work of breathing for given 
level of gas exchange, and increased shunt and dead space. 
Functional residual capacity also increases along with resid-
ual volume, yet the geriatric patient is more susceptible to 
hypoxia stemming from the increased closing capacity of the 
small airways. As the aging lung loses elasticity, the smallest 
airways are no longer stented open by elastic tissue but 
instead rely on some minimal amount of lung inflation, or 
closing capacity, to maintain small airway patency. As lung 
volumes decrease with active expiration, there comes a point 
when the summation of intra-airway pressure and elastic 
forces stenting open distal air passages become insufficient 
to overcome the tendency of these distal airways to collapse. 
There is a general trend toward increased closing capacity 
with aging. By age 66, closing capacity exceeds FRC in the 
sitting position [71]. When closing capacity exceeds FRC, 
some portion of the lung will be ineffective in gas exchange 
during part of the respiratory cycle. This mechanism leads to 
increasing V/Q mismatch in the elderly and a gradual 
decrease in blood oxygenation. On average, the PaO

2
 

decreases 0.31 mmHg per year of age [70].

Other changes in the elderly that are of importance to 
anesthetic physiology include a blunting of the response to 
hypoxia and hypercarbia [72, 73]. In addition, aging leads to 
dysphagia, decreased esophageal motility, and decreased 
cough reflex.

The Interplay of the Aging Pulmonary System 
and the Effects of Anesthesia

Pulmonary complications are a major cause of postoperative 
morbidity in the elderly. Postoperative respiratory complica-
tions are associated with 40% of the perioperative deaths in 
patients older than 65 years of age [74]. The aging of the pul-
monary system and anesthesia interact to increase the likeli-
hood of these events. Increased A–a gradient is likely to occur 
under anesthesia. Impaired oxygenation is secondary to the 
anesthetic effects of decreased minute ventilation, increased 
atelectasis, and the aging effect of increased closing capacity. 
In addition, hypoxic pulmonary vasoconstriction is impeded by 
the aging effect on pulmonary vascular rigidity and by anes-
thetic inhibition. Ventilatory failure may occur secondary to the 
combined effects of anesthesia and aging to decrease minute 

ventilation, depress hypoxic and hypercarbic respiratory drive, 
and increase the work of breathing in the face of decreased 
muscle mass. Many of the changes outlined act in concert with 
a less effective cough and impaired airway protective mecha-
nisms to increase the risk of aspiration and pneumonia.

The pulmonary implications of residual anesthetic effects 
after emergence is a serious issue in the elderly. Of primary 
importance are the effects of muscle relaxants. Age-related 
pharmacokinetic and pharmacodynamic changes interact 
with the decrease in muscle mass to potentiate the effects of 
these drugs, thus increasing the risk of respiratory compro-
mise in the early postoperative period [75–77]. The respira-
tory depressant effects of sedative agents, narcotics, and 
inhalational anesthetics are prolonged. As a special case, the 
inhaled anesthetics are eliminated primarily by the lung. 
Decreases in minute ventilation and cardiac output, as well 
as V/Q mismatch, will prolong the elimination of inhaled 
anesthetic agents [78, 79].

The insufflation pressure during laparoscopy displaces 
the diaphragm cephalad; this reduces tidal volumes toward 
that of the dead space volume. In this case, adequate ventila-
tion is maintained either by increasing the airway pressure to 
maintain adequate tidal volume or by decreasing insufflation 
pressures. Under these conditions, atelectasis develops at an 
accelerated rate. Low levels of PEEP may be used in this set-
ting as long as intrathoracic pressures do not impair venous 
return so as to cause hemodynamic compromise.

Regional Anesthesia and Pulmonary 
Implications

With spinal or epidural blockade of sufficient dermatomal 
height for abdominal procedures, the musculature of the tho-
racic cage will be anesthetized, eliminating the contribution 
of the intercostal muscles to respiration. Spontaneous venti-
lation is still possible, however, because the diaphragm is the 
major muscle of respiration. In these circumstances, loss of 
accessory muscle function may be an issue in patients with 
limited pulmonary reserve. Protective airway reflexes are 
maintained although cough may be impaired.

Spinal and epidural anesthesia have been advocated as a 
means of decreasing postoperative pulmonary complications, 
although there is little data to support this contention. Epidural 
anesthesia continued into the postoperative period may help in 
promoting early mobilization, cough, and deep breathing by 
relieving postoperative pain. In theory, spinal or epidural anes-
thesia helps to minimize the administration of central nervous 
system depressants during the perioperative period, thereby 
maintaining protective airway reflexes. It is common practice, 
however, for sedation to be administered during spinal and 
epidural anesthetics. Therefore, it is important to identify at 
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risk patients, and verify recovery of protective reflexes in the 
elderly after an anesthetic, including sedation for spinal.

Physiologic Response to Anesthesia  
in the Aging Nervous System

Age-related decreases in central nervous system functional 
reserve lead to alterations in pharmacodynamics, and 
increased susceptibility to postoperative cognitive dysfunc-
tion and delirium.

Altered Pharmacodynamics

Brain sensitivity to most anesthetic agents increases with 
age. This necessitates decreasing the drug dose in the elderly 
(Fig. 24.5). Some components of the elderly drug response 
can be explained by pharmacokinetic changes associated 
with aging; these are specific to each drug. The underlying 
mechanism to explain altered brain pharmacodynamics is 
unclear at present. Altered brain pharmacodynamics may 

result from age-related changes in the receptors, signal 
transduction, or homeostatic mechanisms. Within the central 
nervous system, aging is associated with decreases in dop-
aminergic and cholinergic neurons and receptors as well as a 
decrease in the number of synapses. There are also altera-
tions in brain phospholipid chemistry associated with 
changes in second messengers such as diacylglycerol [80]. 
A definitive association between these changes and age-
related brain pharmacodynamics has yet to be established.

Increased Susceptibility to Postoperative 
Delirium and Cognitive Dysfunction

The incidence of postoperative delirium and postoperative 
cognitive dysfunction may exceed 50% in certain surgical 
populations [81]. The incidence of cognitive dysfunction in 
elderly patients after major surgery seems to be highest after 
cardiac surgery and hip fracture repair [82, 83]. Thus, post-
operative delirium and postoperative cognitive dysfunction 
are two of the most common postoperative complications in 
the elderly, and their incidence may be higher than that of 
myocardial infarction or respiratory failure [81, 84, 85].

A wide variety of drugs are associated with delirium, 
many of which are used frequently in the perioperative 
period. These include benzodiazepines, anticholinergics, 
opioids, corticosteroids, anticonvulsants, antidopaminergic 
antiemetics, and H

2
 antagonists [86]. Although a recent criti-

cal review of the literature concerning the relationship of 
psychoactive medications and delirium found that the evi-
dence for an association is weak, the authors attributed this 
to methodological issues in the studies and concluded that a 
relationship may indeed exist [87].

The hypothesis that postoperative delirium is the result of 
age-associated central cholinergic deficiency has been the 
driving force behind studies examining the role of intraop-
erative management as it relates to postoperative delirium. 
Arguably, the most important decision concerning anesthetic 
management is whether patients should have a regional or 
general anesthetic. In theory, regional anesthetic techniques 
should be associated with a reduced incidence of postopera-
tive delirium because these techniques minimize exposure to 
agents that influence central cholinergic activity and drugs 
that are associated with delirium in medical patients, such as 
opiates and benzodiazepines. Furthermore, regional anesthe-
sia deeply suppresses the neuroendocrine stress response to 
surgery [88–90]. Unfortunately, studies to date have not 
demonstrated that regional anesthetic techniques reduce the 
incidence of postoperative delirium [91].

Postoperative pain increases the risk of postoperative 
delirium. Interestingly, maximum pain and pain with movement 
are not predictive of delirium. Only high levels of rest pain 
are associated with postoperative delirium [92]. As a class, 

Figure  24.5  Aging influences MAC in humans for desflurane, 
isoflurane, halothane, and sevoflurane. MAC is at its peak in humans 
less than 1 year of age, decreasing by approximately 40% in older 
adults. MAC is a means of defining dose of inhaled volatile anesthetics, 
higher MAC values representing higher anesthetic dose. One MAC 
equals the minimum alveolar concentration at which 50% of subjects 
aged 40 would not move in response to a surgical stimulus (used with 
permission from Eger et al. [124]).
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opiates are not associated with postoperative delirium, except 
for meperidine [93]. This may be because of its atropine-like 
structure and influence on brain cholinergic activity. 
Postoperative use of benzodiazepines has also been associ-
ated with postoperative delirum [94].

It is important to recognize that postoperative delirium may 
be the presenting symptom of a number of complications, 
including sepsis, urinary tract infections, myocardial infarc-
tion, stroke, pneumonia, etc [95]. Thus, the first step in man-
aging postoperative delirium is to identify and treat underlying 
medical and/or surgical causes.

Many surgeons are aware of patients who complain after 
surgery of difficulties performing cognitive tasks that they were 
previously able to do without difficulty. Postoperative cognitive 
dysfunction is the term used to describe this condition. It can 
consist of a variety of cognitive deficits. Unlike patients with 
postoperative delirium, however, those with postoperative 
cognitive dysfunction are generally alert and oriented.

In vitro and animal studies suggest that inhalational and 
intravenous anesthetic agents alter neuronal function after 
exposure [96–98]. Neurons exposed to volatile anesthetics 
in vitro have increased oligomerization and cytotoxicity of 
b-amyloid, the protein associated with Alzheimer disease 
[98]. In aged rats, exposure to anesthetic agents causes long-
term declines in cognitive function [99–101]. The clinical 
relevance of these findings is unclear because studies exam-
ining the influence of regional versus general anesthesia on 
the incidence of postoperative cognitive dysfunction in 
humans have not found a difference between the two tech-
niques [91, 102]. One reason may be that patients who 
received regional anesthesia in those studies also received 
intravenous sedatives. Another may be that postoperative 
management was not controlled. Stress plays a role in cogni-
tive function [103]. Although regional anesthetic techniques 
attenuate the surgical stress response [88, 104], if these tech-
niques were not continued into the postoperative period, any 
benefit may have been negated. Also, by not continuing 
regional analgesic techniques into the postoperative period, 
patients were exposed to higher doses of opiates, which may 
have influenced their cognitive outcomes. Interestingly, 
unlike the case with postoperative delirium, perioperative 
use of benzodiazepines is not associated with postoperative 
cognitive dysfunction [105, 106].

Though the exact mechanisms by which postoperative 
delirium and postoperative cognitive dysfunction occur are 
not well understood, the likely cause is an acute insult in a 
vulnerable patient. The degree of surgical or physiological 
insult required to precipitate postoperative delirium or post-
operative cognitive dysfunction varies from patient to patient. 
In patients with a high degree of preoperative cognitive 
reserve, a substantial insult is required for postoperative 
delirium and/or postoperative cognitive dysfunction to occur. 
Conversely, in patients with a lower degree of cognitive 
reserve, a relatively minor stress is all that is necessary for 

postoperative delirium and/or postoperative cognitive 
dysfunction to develop [107].

Renal Implications of Anesthesia  
in the Elderly

Anesthesia decreases renal perfusion and glomerular filtration 
rate. When a patient receives an anesthetic, glomerular filtra-
tion rate may be acutely decreased by hypotension, redistribu-
tion of blood flow away from body core, or a specific pressure 
effect of laparoscopy. The potential for postoperative acute 
renal injury is greater with preexisting renal disease.

Drug excretion and metabolism by the kidney is propor-
tionately decreased with aging. Many anesthetic drugs 
depend on renal elimination. Dose adjustment of most medi-
cations should be anticipated in the elderly. Of special note, 
many of the commonly used opioids and muscle relaxants 
have some component of renal elimination, and their effects 
are prolonged in the elderly. Fortunately, there are alternate 
drugs, with little or no dependence on renal elimination. 
Inhaled anesthetics are eliminated primarily by the respira-
tory route. Serum enzymes degrade certain drugs such as 
cisatracurium, remifentanil, and chloroprocaine. Due to the 
blood stream degradation of cisatracurium, this agent may be 
of special value in the elderly patient with renal impairment 
who requires muscle relaxation.

Hepatic Implications of Anesthesia  
in the Elderly

Hepatic functional reserve is fairly well maintained with healthy 
aging. As a result, anesthetic drug binding to serum proteins 
produced by the liver is not significantly affected. One potential 
effect of anesthesia is decreased hepatic blood flow. Hepatic 
blood flow parallels cardiac output and correlates with the rate 
of elimination of drugs with high hepatic extraction ratio [108, 
109]. Commonly administered anesthetic agents with high 
hepatic extraction ratios include fentanyl, sufentanyl, lidocaine, 
meperidine, ketamine, and propofol. Drugs with lower hepatic 
extraction ratios are less impacted by hepatic blood flow.

Endocrine Implications of Anesthesia  
in the Elderly

Hyperglycemia is a frequent issue during surgery in the 
elderly patient. Inhalational anesthetics impair glucose toler-
ance. The mechanism is unclear but may be secondary to 
direct inhibition of insulin secretion [110]. Thus, hyperglycemia 



300 A.N. LacKamp and F.E. Sieber

occurs in the anesthetized state with or without surgery. 
Insulin resistance and prevalence of diabetes is increased in 
the elderly. This effect is compounded in the face of obesity.

Thermoregulation

Normal human thermoregulation allows only small fluctua-
tions in core temperature within the narrow interthreshold 
range of 0.2°C; this range can be extended to 2–4°C under 
the effects of anesthesia [111]. Multiple inputs from the core 
and periphery contribute to the detection of temperature vari-
ation. Peripheral sensation tends to contribute largely to 
behavioral aversion to unpleasant environments, while core 
sensing mechanisms have a relatively larger impact on auto-
nomic responses [111]. The response to decreased tempera-
ture begins when the threshold of vasoconstriction is reached. 
Beyond the vasoconstriction threshold lays the threshold for 
the energy intensive shivering mechanism. Non-shivering 
thermogenesis, although important in neonates, is negligible 
in adults. The response to elevation in core temperature 
begins when the threshold for sweating is reached. With 
extremes of temperature elevation, active vasodilation can 
also occur [111].

During anesthesia, hypothermia is a common challenge 
as a consequence of several colluding factors. Preparations 
for surgery entail exposing large surfaces of the patient’s 
skin. Operating rooms are traditionally kept very cool. 
Under anesthesia, vasodilation occurs as a direct anesthetic 
effect. This results in an immediate decrease in core body 
temperature from a redistribution of body heat from the 
core to the periphery, and eventually results in greater dis-
sipation of heat to the environment. By central mechanisms, 
anesthesia decreases the threshold temperature for vaso-
constriction and shivering, allowing drift of the core 
temperature.

The elderly are predisposed to hypothermia [70, 112] as a 
result of decreased muscle mass and neural and hormonal 
mechanisms. Thyroid function and overall metabolic rate 
decrease with aging. Decreased muscle mass leads to greater 
heat loss and less heat generation. The neural thermoregula-
tory mechanisms [112] are altered with a lowered threshold 
for vasoconstriction, decreased maximum vasoconstriction 
response, decreased a-adrenergic response [113, 114], and 
decreased thermal perception.

These changes with aging compound the tendency, pres-
ent among all patients, to develop hypothermia during both 
general and spinal anesthesia. The effects occur across a 
wide spectrum of anesthetic techniques and agents [115].

Complications of hypothermia include possible coagul-
opathy [116, 117], increased risk of surgical wound infection 
[118], and increased cardiac risk [119, 120] secondary to 

hypermetabolism if shivering occurs after emergence from 
anesthesia. See the physiology table at the beginning of this 
chapter, which summarizes the interactions of anesthesia and 
aging in the brain, kidney, liver, endocrine system, and with 
thermoregulation.

Summary

Aging affects every body system, so the interplay between 
anesthesia and aging is necessarily complex. Because of 
decreases in hepatic and renal reserve, pharmacodynamic/
pharmacokinetic changes must be taken into account when 
administering anesthetics. Other important considerations 
include the cardiopulmonary and neurologic systems. Labile 
hemodynamics and potential for diastolic heart failure are 
the important cardiovascular issues as compared to younger 
adults. The risks of postoperative ventilatory failure and 
pneumonia are increased in the elderly. Postoperative cogni-
tive dysfunction is a common entity after all types of major 
surgery. At this time, it is difficult to define the optimal anes-
thetic for the elderly because both regional and general anes-
thesia affect many of these organ systems, and definitive data 
concerning the advantage of one anesthetic technique over 
another has yet to be established.
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Introduction

Why Is Anesthesia a Particular Concern  
in Elderly Patients?

The administration of anesthesia to a geriatric patient requires 
meticulous attention to detail and a clear understanding of 
the impact of aging on organ reserve and function. Older sur-
gical patients present for surgery with complicated medical 
histories, limited physiologic reserve, and frequently unpre-
dictable responses to anesthetic agents [1, 2]. In general, 
elderly frail patients with underlying chronic disease can be 
less tolerant of brief episodes of hemodynamic instability 
such as hypotension or desaturation that may not be prevent-
able during the course of a surgery. While these events may 
be insignificant in a young patient and in the frail elder, they 
may lead to serious consequences, such as cardiac ischemia 
and arrhythmias [3, 4]. This chapter reviews the basic anes-
thetic concepts and discusses the impact of aging on the 
choice of anesthesia.

Choosing the Anesthetic Regimen

Regardless of the age of the patient, the choice of anesthe-
sia is influenced by several factors: the patient’s medical 
and psychological condition, the type and duration of the 
procedure or surgery, and the requirements of the surgery 
itself. The anesthesiologist is ultimately responsible to 

choose the regimen that is most appropriate for the patient 
and the surgeon. In many instances, the choice of the anes-
thesia is limited, for example, the elderly patient presenting 
with a perforated bowel and evidence of hemodynamic 
instability will require a general anesthesia with endotra-
cheal intubation. In this example, there are no viable alter-
natives for the anesthetic type. However, even in this case 
and other similar cases in which the choice of anesthetic 
type is limited, the risks and benefits of the individual med-
ications administered, the monitoring requirements, the 
positioning during the surgery, the duration of the surgery, 
and the post operative recovery plan will require thorough 
consideration [5]. For the older patient, the anesthesiologist 
must be prepared to tailor the anesthetic carefully to pro-
vide age appropriate care.

Using the case below, the challenges encountered by a 
“geriatric” anesthesiologist will be illustrated through 
a discussion of the case of Mr. Smith.

General Considerations for the Elderly Patient

Mortality and risk of an adverse event associated with 
surgery increase with advanced age [4, 6–9]. This is due to 
multiple factors including age related reductions in physi-
ologic reserve, the increase in comorbid conditions, and the 
magnitude and type of the surgery itself. Complex emer-
gency cases in the elderly carry the highest mortality with a 
suggested threefold increase in mortality. The risk of car-
diac complications in geriatric patients following emer-
gency surgery increases three to five times, and the chance 
of postoperative intubation and ventilation is five times that 
of a young patient undergoing a major emergency surgery. 
The magnitude and size of surgery are relevant: thoraco-
tomy mortality in patients over the age of 70 years has been 
reported as high as 17% and emergency abdominal surgery 
in patients over the age of 80 years carries a mortality rate 
of 10–25%.
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The occurrence of any complications appears to be a 
major factor influencing outcomes in the elderly surgical 
patient. Several studies have shown a significant increase in 
30-day mortality in patients who experienced complications 
following noncardiac surgery. In addition, patients experi-
encing a cardiac or noncardiac complication had a threefold 
increase in length of stay. Thus avoiding complications, even 
minor ones, and conducting a careful review of the patients’ 
physical and medical status prior to anesthesia must be a pri-
mary focus for all anesthesiologists taking care of older 
patients.

The increased morbidity experienced by older patients 
largely reflects the burden of disease encountered in this age 
group. In a study examining preoperative health status in 
elderly patients, over 84% of 544 patients had at least one 
comorbid condition [1]. Thirty percent of patients had three or 
more preoperative health conditions, 27% had two, and 28% 
had one preexisting disease. Hypertension (HTN) was the most 
commonly encountered comorbidity. Other common condi-
tions included: diabetes mellitus, dysrhythmias, pulmonary 

disease, neurologic disease, arthritis, and ischemic heart 
disease including congestive failure. Despite a long list of dis-
eases, functional status and clinical evidence of congestive 
heart failure [1, 8] were the two most important predictors of 
adverse events postoperatively in this study. Functional status 
is particularly important and frequently impacted by the pres-
ence of a physical disability. In the oldest patients, over the age 
of 80 years, 74% have a disability and 35% of this group 
requires assistance with daily activities.

Anesthetic Choices

Aspiration

Regardless of the anesthetic regimen, protection of the 
airway is paramount. The geriatric patient is at increased risk 
of aspirating because of physiologic changes and common 

Case Study:  Part 1

Mr. Smith is a 85-year-old male presenting with new 
right upper quadrant pain. He is scheduled for an upper 
endoscopy and ERCP with a possible biliary dilation. 
Past medical history includes known gallstones, chronic 
lower back pain, Parkinson’s disease, and hypertension. 
Prior surgery includes brain surgery for his tremor 
5  years ago, and a lumbar discectomy 15 years ago. 
He  consults his primary care doctor regularly and a 
neurologist for his Parkinson’s every 3 months. In the 
past 12 months, he has had an EKG, which showed left 
ventricular hypertrophy and nonspecific ST changes; he 
has not had any further cardiac testing. His medications 
include a beta blocker, levodopa, intermittent ibuprofen 
and he has a prescription for acetaminophen with 
codeine but as per his wife he rarely takes any pain med-
ication. Mr. Smith lives with his wife, in the past 
12 months he has had increasingly difficulty with ambu-
lation and has fallen several times. His appearance and 
speech are consistent with severe Parkinson’s. Depending 
on the results of the ERCP, he may or may not require 
either a laparoscopic cholecystectomy or a more exten-
sive biliary surgery.

Mr. Smith has several medical issues that will chal-
lenge the anesthesiologist during each of the procedures 
proposed.

For the ERCP, sedation is routinely recommended. 
However, Mr. Smith’s medical conditions will make 
sedation challenging and it is possible that a general 
anesthesia will ultimately be a safer choice.

For the potential follow-up procedures, either a 
laparoscopic cholecystectomy or an exploratory laparo-
tomy, Mr. Smith will need a general anesthesia. Mr. Smith 
has a significant increased risk from delirium post opera-
tively, and may need adjustment on his Parkinson’s 
medication. Although a laparoscopic cholecystectomy is 
generally an ambulatory procedure, serious consider-
ation will need to be given to admit Mr. Smith until it is 
clear that he is stable. A major exploratory laparotomy 
and biliary dissection carry a very high risk of mortality 
in his age group, especially in view of his overall appar-
ent frailty. For the more extensive surgery, Mr. Smith 
will need a general anesthesia and invasive monitoring 
including an arterial line at a minimum and possibly a 
central venous line. Although he has no history of con-
gestive heart failure, if significant blood loss is encoun-
tered, he may benefit from cardiac output monitoring 
to  assist with volume resuscitation. Postoperatively 
recovery should include intensive care unit, possible 
ventilation, and appropriate pain control. Depending 
on  his hemodynamic status, he could benefit from a 
postoperative thoracic epidural for the treatment of 
postoperative pain.
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disease conditions [10]. A reduction in pharyngeal sensitiv-
ity has been demonstrated and common comorbidities such 
as a previous cerebrovascular accident, swallowing disor-
ders, and diseases such as Parkinson lead to the increased 
possibility of aspiration. The development of aspiration 
pneumonia can be devastating in the older patient with 
reduced functional reserve. Thus, sedation should be admin-
istered cautiously in patients with an unprotected airway 
[11,12]. Pulmonary complications were among the most 
common in a study comparing young and elderly patients 
undergoing noncardiac surgery leading to both an increased 
length of stay and subsequent mortality [8].

General Anesthesia

The decision to use a general anesthesia is driven by the 
extent of the surgery, and the patient and surgeon preference 
[5]. A general endotracheal anesthesia with paralysis allows 
maximal exposure for abdominal surgery and is necessary for 
abdominal and laparoscopic surgeries. When paralysis is not 
required, provided the patient is fasting, not significantly 
obese with a low risk of aspiration and the surgery site, and 
positioning is appropriate, the laryngeal mask airway (LMA) 
has largely replaced the traditional mask anesthetic. For cer-
tain very brief surgeries a mask anesthetic is still desirable. 
Advantages of intubation compared with the LMA include 
the ability to protect the airway from aspiration, and possible 
reduction in the risk of development of intraoperative atelecta-
sis through the use of positive pressure volume ventilation 
with or without additional positive pressure end-expiratory 
pressure. Mucociliary dysfunction occurs after using an LMA 
or an endotracheal tube, but it is worse following intubation.

In some instances, a patient will request to be asleep for 
a procedure and provided there is no additional risk, patient 
preferences should be followed. Dementia increases with 
age: in patients of 60–70 years old, the incidence ranges 
from 5 to 7%, while in those between 80 and 90 years old, 
the incidence ranges from 15 to 20%. Depending on the 
ability to cooperate, these patients may require a general 
anesthesia or deeper sedation than would normally be indi-
cated by the procedure itself.

Regional Anesthesia

Regional anesthesia includes both neuraxial techniques 
such as spinal and epidural anesthesia and peripheral 
nerve blocks. Regional anesthesia may be administered as 
the primary anesthetic or as an adjuvant for pain relief 
during or after the surgery [13]. When utilized to treat 

postoperative pain, epidural analgesia and peripheral 
nerve blocks improve pain relief, functional outcomes, 
and have been shown to reduce hospital stay in selected 
patient groups. Advantages of a pure regional anesthesia 
include a reduction in the requirement for sedatives, pres-
ervation of spontaneous ventilation, the absence of airway 
instrumentation, and potential decrease the incidence of 
postoperative thrombosis and blood loss following ortho-
pedic surgery [14].

The choice for a regional anesthesia vs. general anesthe-
sia remains the subject of significant debate [14–17]. Despite 
increasing popularity of regional blocks such as intrascalene 
and femoral nerve blocks, there is no consistent data sup-
porting a reduction in morbidity or mortality after general 
surgery.

Neuraxial Anesthesia

The spine undergoes significant age-related changes, includ-
ing a gradual deterioration of the intervertebral disks, fibro-
sis of the intervertebral foramina, and a reduction in fat in the 
epidural space. In addition to making the placement of a 
spinal or epidural more challenging, these changes also result 
in a less compliant epidural space. When dosing the geriatric 
patient, enhanced local anesthetic spread can occur in the 
spinal column, and the dose of epidural medications should 
be reduced and given more slowly [18]. Similarly, local 
anesthetic administered through the spinal needle into the 
subarachnoid space can result in a variable and higher level 
of analgesia and sympathetic block in an older patient due to 
a decrease in the CSF and age-related changes in the pain 
fibers themselves [19, 20]. In addition to changes in the 
spread of local anesthetic agents, metabolism and clearance 
of these drugs are also delayed with advanced age. Lidocaine 
and other local anesthetic doses should be reduced for both 
neuraxial and peripheral nerve blocks. The enhanced 
cephalad spread of epidural and spinal local anesthetic agents 
also contributes to the increased hypotension observed in 
older patients from the consequent sympathectomy. Older 
patients are also more sensitive to the central effects of opi-
oids and are at increased risk of apnea following neuraxial 
opioid administration.

Epidural analgesia can be employed postoperatively to 
improve pain control from large abdominal and thoracic 
incisions. Epidural analgesia includes several advantages 
over systemic narcotics including improved pain relief, less 
sedation, and improved respiratory mechanics. However, 
epidural anesthetics usually include low dose local anes-
thetic agents and this can be associated with a sympathetic 
blockade and subsequent potential vasodilatation and 
hypotension. The effects of the sympathectomy are often 
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exaggerated in the elderly patient due to a combination of 
existing age-related declines in autonomic function and 
increased decline in vascular resistance. The increase in 
hypotension in older vs. younger patients can be a significant 
factor limiting the use of an epidural for postoperative anal-
gesia or even a spinal for a procedure [3, 13, 20]. In general, 
fluid administration alone will not offset the impact of the 
sympathectomy and carries the risk of inducing congestive 
heart failure once the sympathectomy wears off and the fluid 
is returned to the central volume. Epidural- (or spinal) 
induced hypotension usually requires treatment with an 
alpha agonist such as phenylephrine [3, 13], and this may be 
undesirable in patients with tenuous blood supply or new 
vascular grafts. In general, if phenylephrine will be deemed 
unacceptable in the postoperative course then alternative 
postoperative pain management strategies to epidural anes-
thetics should be considered. Pure opioid analgesia through 
the epidural may be useful but significant complications with 
postoperative apnea have occurred and limited the use in 
elderly frail patients [21].

Absolute contraindications to neuraxial anesthesia 
include anticoagulation and antiplatelet medications. Other 
contraindications to neuraxial anesthetic include sepsis, 
bacteremia, and hypovolemia. Current recommendations 
suggest discontinuing warfarin for 3–5 days and allowing 
normalization of the INR to 1.5 or less prior to placing an 
epidural or spinal. Antiplatelet medications take several 
days or weeks to wear off and it is recommended that 
ticlopidine be stopped for 14 days and clopidogrel for 7 
days at a minimum prior to a neuraxial anesthetic. 
Nonsteroidal anti-inflammatory drugs (NSAIDs) and aspi-
rin can be continued. Twice daily low molecular heparin 
should be discontinued for 24 h, if only once per day then 
12 h is sufficient [22].

In all patients in whom anticoagulation or antiplatelet 
medication is an issue, a serious discussion is needed 
regarding risks and benefits of discontinuing the medication 
and the plans for reinstituting the medications postopera-
tively. It is important that any plans to change a patient’s 
anticoagulation medication involve a discussion with the 
patient’s cardiologist or primary care physician.

Monitored Anesthesia Care

This is the most common type of anesthesia administered. 
A monitored anesthesia care (MAC) can range from the 
administration of minimal anxyiolysis to deep sedation. 
In older patients, continuous supplemental oxygen is rec-
ommended in all cases as physiological changes with 
aging result in a lower arterial oxygen tension on room 
air, even before the administration of sedation. In general, 
the medication administered by the anesthesia provider is 
supplemented by local anesthesia through infiltration or a 
field block administered by the surgeon. Patients undergo-
ing an MAC need to be at least partially cooperative and 
able to lie still without significant pain; in the older patient 
with agitation, dementia, or chronic pain, this can be dif-
ficult and a lower threshold for recommending a general 
anesthesia may be needed. Similarly, an MAC may be 
unreasonable in patients with chronic cough or intractable 
tremors.

Minimum Requirements for Anesthesia

Regardless of the anesthetic technique chosen, there are cer-
tain minimum requirements that must be met for all patients 
undergoing an anesthesia. Patients must have a preoperative 
anesthetic evaluation, appropriate laboratory testing, perti-
nent consultations, and should receive instructions regarding 
NPO status and general information on “what to expect fol-
lowing their surgery and anesthesia.” There are several 
options for the completion of the preanesthetic evaluation; 
the choice will depend on the patient, the surgeon, and the 
facility guidelines (Table 25.1).

When a preoperative testing clinic is utilized, the patient 
may meet with an anesthesiologist for a full discussion of 
anesthetic options. It is recommended that patients are not 
promised any particular anesthetic type in advance, the anes-
thesiologist assigned to the case should be free to make that 
decision. In general, older patients with complex medical 

Case Study:  Part 2

Considering Mr. Smith, he has a high risk of aspiration 
due to his Parkinson’s disease. In addition, it is not clear 
how cooperative he will be with only sedation. The plan 

for his ERCP should include the strong possibility of a 
general anesthesia with intubation. A general anesthesia 
will definitely be required for either his subsequent lap-
aroscopic cholecystectomy or exploratory laparotomy 
and biliary dissection.
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histories are best seen prior to surgery to ensure that an 
appropriate work-up to optimize the patient’s condition has 
been completed [23, 24].

Preoperative Assessment

The aims of the preoperative assessment are to prepare the 
patient for anesthesia, obtain consent for the anesthesia, and 
ensure that the patient is adequately prepared for their proce-
dure. Chronological age may not accurately reflect a patient’s 
physiological age, and a significant goal of the preoperative 
assessment is to estimate the patient’s physiologic reserve 
function. The physiologic age reflects the combined impact 
of aging and comorbid conditions, and is more likely to be 
predictive of outcome than age in years alone (Table 25.2).

The assessment can begin with a general assessment of 
the geriatric patient: Does the patient look their age? Is there 
evidence of cognitive dysfunction or significant disability? 
Does the patient’s caregiver answer all the questions? Patients 
with preexisting cognitive dysfunction are at higher risk from 
postoperative delirium and the anesthetic plan may need to 

be altered to accommodate the patient with cognitive or other 
disabilities.

Functional status should be assessed during the preoperative 
interview, and this is easily achieved using a simple scale as 
outlined in Table 25.3. Patients with reduced functional status 
(<4 METS) have an increased risk of cardiac morbidity and 
poor outcome following noncardiac surgery [25]. The anesthe-
siologist’s physical examination should be focused including 
an airway examination and examination of the cardiopulmo-
nary system and other relevant organs.

Table 25.1  Preoperative assessment alternatives and the elderly patient

Advantages Disadvantages

Preoperative assessment clinic Reduction lab testing Expensive
Reduction consultations Cost of administrative clerical staff
Improved OR efficiency Requires allocated hospital space and support
Decrease in OR cancelations and delays Primary MD maybe unaware of surgery
Anesthesiology input Second trip to hospital
Specific NPO instructions

Primary physician visit “clearance” Patient known to MD More laboratory testing
Primary MD involved for postoperative care No anesthesia discussion – especially detrimental 

in complex high risk casesNo second hospital visit
Good for simple surgeries No instructions for surgery

Scheduling dependent on MD office availability
Paperwork/clearance at remote site

Telephone interview Convenient for patient No anesthesia input
Preoperative instructions including NPO Difficult to reach patients at work

Language barriers
Advanced age usually an exclusion factor

Surveys

May be added to above visits/calls

Preoperative health survey Simple No instructions
No extra visits No anesthesia input

No time to optimize medical conditions identified
Mail return unreliable

Internet health quiz Simple No instructions
Remote access to information No anesthesia input
Algorithm for laboratory testing

Table 25.2  The goals of the preoperative assessment

Obtain a thorough history and physical examination
Provide a risk assessment
Recognize high risk patients
Implement risk reduction strategies
Perform selected laboratory and cardiac testing
Improve control of perioperative diseases
Formulate and discuss the anesthetic plan
Obtain informed consent
Formulate a post operative plan
Reduce anxiety through education
Source: Data from [23]
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Laboratory and Other Testing

Large-scale preoperative laboratory testing in healthy indi-
viduals leads to an increase in false positive results and 
inappropriate work-ups [26, 27]. Several studies have dem-
onstrated that preoperative screening laboratory testing 
rarely provides new information that would not otherwise 
have been obtained from a thorough history and physical 
examination [26, 28]. Anesthesiologists tend to order fewer 
laboratory tests compared with outside referral physicians 
and some have found financial benefit derived from anes-
thesiology-directed laboratory testing vs. other providers. 
Except for concurrence on the complete blood count, anes-
thesiologists generally order fewer tests compared with 
surgeons [29–31]. The data refers to laboratory testing that 
is being performed to allow safe administration of anesthe-
sia, in all patients, there may be other reasons why addi-
tional laboratory testing is requested by a surgeon or 
primary care physician in the general course of a patient’s 
disease work-up.

A Hemoglobin or hematocrit.  It is indicated when the 
surgery is associated with significant blood loss potential or 
the patient has systemic disease and may be anemic. The 
American Society of Anesthesiologists (ASA) practice advi-
sory on preoperative evaluation concluded that age alone 
was not an indication for a routine blood count before sur-
gery [32]. However, anemia is more common in the elderly 
and may be poorly tolerated in patients with cardiac disease. 
In elderly patients undergoing significant surgery, it is not 
unreasonable to request a baseline hematocrit.

Coagulation studies.  These studies are indicated in symp-
tomatic patients with significant liver disease or known coag-
ulopathic conditions. Baseline studies may also be valuable 
in patients who are undergoing major surgery with a high 
risk of blood loss that are likely to need blood products dur-
ing the case. Patients on anticoagulants or those for whom 

postoperative anticoagulation is planned generally should 
have baseline studies. The other group of patients for whom 
coagulation profiles should be considered is those who will 
have an epidural or spinal placed [22].

Electrolytes and blood chemistry.  Healthy elderly ambu-
latory patients or those with mild-to-moderate systemic 
disease such as hypertension do not need routine electro-
lyte levels drawn [29]. Patients scheduled for extensive 
procedures such as an exploratory laparotomy or a major 
vascular procedure should have baseline blood chemis-
tries, as renal insufficiency occurs in advanced and 
hyponatremia is more common in geriatric patients. 
Although not routinely ordered, reduced albumin in frail 
older patients is a marker of increased risk of mortality 
and morbidity [33].

Electrocardiograms.  An ECG should be done in patients 
with cardiac risk factors and a history of cardiac disease. 
Occult cardiac disease is extremely common in older patients 
and most institutions recommend age-related screening with 
ECGs. A common requirement is a preoperative ECG in 
males over the age of 45 years and females over 55 years. 
A prior ECG within 6 months of the surgery in the absence 
of ongoing symptoms or changes in cardiac status is fre-
quently acceptable 32, 34, 35].

Consultations

Elderly patients have a very high incidence of cardiac condi-
tions. Ischemic heart disease increases almost exponentially 
with age and is frequently under diagnosed. It is not surprising 
that cardiac complications are the most significant following 
surgery and anesthesia. However, the decision to obtain a 
cardiology work-up or consultation prior to surgery will 
depend on the severity of the patient’s disease and the onset 
of symptoms. Scheduled surgery per se is not an indication 
for a cardiac work-up [24, 36].

Chest radiographs.  These are not recommended preopera-
tively unless indicated by the history or dictated by the 
underlying diagnosis. Widespread routine chest X-rays led 
to significant morbidity in larger studies secondary to unnec-
essary follow-up on false positive examinations and unex-
pected findings were rare [27, 32, 37].

Institutionalized Patients

The preoperative assessment of institutionalized elderly 
patients can be especially challenging. It may be difficult or 
impractical to require these patients to come to a hospital or 

Table 25.3  Functional assessment scale

1 MET Can you take care of yourself?
Eat, dress, use the toilet?
Walk indoors around the house
Walk 1–2 blocks on level ground at 2–3 mph?
Do light housework?
Can you take care of yourself?

4 METS Climb a flight of stairs? Carry groceries?
Walk on level ground at 4 mph?
Run a short distance
Do heavy housework?
Do moderate sports – golf, dance, doubles tennis?
Climb a flight of stairs? Carry groceries?

10 METS Play competitive sports? Singles tennis? Ski?
Source: Data from [25]
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faculty for a special preoperative visit. Frequently, a remote 
preoperative screen can be conducted. The facility physician 
can be asked to provide a brief history and physical and the 
results of any laboratory testing done recently. The preopera-
tive examination can be completed the day of the surgery. 
Arrangements for consent from a legal guardian or family 
member should be made in advance to prevent delays on the 
day of surgery.

After the completion of the preoperative assessment the 
anesthesiologist assigns a physical status classification (ASA 
1–6). The physical status classification reflects the patient’s 
condition and underlying disease complexity, it is indepen-
dent of the patient’s age. A higher ASA classification carries 
independent diagnoses that lead to increased risk from 
surgery. In general, risk for anesthesia increases in patients 
with more advanced ASA classification. An E is added to the 
physical classification to designate a patient for whom a sur-
gery is emergent. The ASA physical classification system is 
a useful way to communicate about patients and is used by 
many health care providers outside of anesthesia.

NPO Status (Table 25.5)

The ASA has published guidelines for liquid and solid foods 
prior to the administration of an anesthetic. For the older 
patient, it is important that these instructions are written 
and  provided to both the caretaker and the patient when 
relevant.

Medications

Elderly patients are on average taking three medications 
and patients must receive clear instructions on which 
medications should be held or continued on the day of sur-
gery. In many instances, it is recommended that patients 
bring all their medications on the day of preoperative visit 
and/or provide a complete list of all medications in advance 
of the procedure.

As a general rule, most medications should be continued 
until the morning of surgery, especially cardiac and antihy-
pertensive medications. Angiotension converting enzyme 
inhibitors (ACEIs) and angiotension receptor blockers 
(ARBs) have been associated with profound and prolonged 
hypotension following the induction of anesthesia and 
provided they are not being administered for congestive heart 
failure and these should be held prior to surgery. Similarly, 
diuretics can be continued in the presence of significant fluid 

Table 25.5  ASA guidelines for NPO status preoperatively

Substance Minimum fasting period (h)

Clear liquidsa 2
Breast milk 4
Infant formula 6
Non human milk 6
Light meal 6
Fried or fatty foods, meat 8
a Clear liquids include: water, fruit juices without pulp, clear tea,  
carbonated beverages, and black coffee

Case Study:  Part 3

The preoperative assessment of Mr. Smith will provide criti-
cal information for the anesthesiologist. A visit to a preop-
erative clinic is advisable, and in addition to a general 
assessment for his Parkinson’s disease, a brief cognitive 
assessment will be valuable to establish a baseline prior to 
any surgery. Mr. Smith has a very high risk of developing 
postoperative delirium and he and his family should be 
warned. In view of his potential for a more significant sur-
gery following his ERCP, Mr. Smith should have baseline 
laboratory testing done including a blood count, electrolytes, 
and an ECG. From the current history, which does not indi-
cate any new chest pain or shortness of breath, further car-
diac testing is not warranted and a chest X-ray is not needed 
unless his chest exam reveals abnormalities. Mr. Smith’s 
overall poor functional status is a significant concern if he is 

required to ultimately undergo a major surgery. A baseline 
albumin may provide an indication of his nutritional status 
and if reduced, it may be associated with increased risk of 
mortality (see physical classification Table 25.4).

Table 25.4  ASA physical status classes

Class 1. � A healthy patient (no physiologic, physical  
or psychological abnormalities)

Class 2. � A patient with a mild systemic disease without limitation 
of daily activities

Class 3. � A patient with severe systemic disease that limits activity 
but is not incapacitating

Class 4. � A patient with incapacitating systemic disease that is a 
constant threat to life

Class 5. � A moribund patient not expected to survive 24 h with or 
without the operation

Class 6. � A brain dead patient whose organs are being removed 
for donor purposes

Add “E” to denote emergency surgery
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Case Study:  Part 4

Mr. Smith is an ASA 3 patient, his Parkinson’s disease is 
significantly altering his daily life and appears progres-
sive. His medication situation is particularly challeng-
ing to prevent acute worsening of his Parkinson’s 
symptoms and he should be instructed to continue his 
Levo dopa until 3  h prior to surgery. He can take his 
other usual medications on the morning of surgery. He 
should be instructed to bring his medications with him 
to the holding area if his surgery is delayed; he should 

continue his scheduled anti-Parkinson’s medication. 
Given his complex medications, all instructions should 
be clearly written for him (Table 25.6).

Table 25.6  Preoperative instructions

Instructions should be clearly written in simple language
Instructions should be specific avoiding vague or ambiguous 

terms such as “maybe”
Directions to exact location in the hospital
Recommendations on clothing and belongings
NPO recommendations – written down
Number to call with change in health

overload; however, for the most part thiazide diuretics can be 
held for patient convenience. As discussed above, anticoagu-
lation and antiplatelet medications will restrict the anesthesia 
choices and the decision to hold anticoagulant and antiplate-
let medications should be made by the surgeon. Whenever a 
change in these medications is planned, the patient’s primary 
care physician should be informed and included in the deci-
sion. One-third of older patients have chronic pain and in 
these instances it is important to encourage patients to 
continue their analgesics until the day of surgery. The 
patient’s tolerance to pain medication may require intraop-
erative adjustment of the anesthetic itself [38].

Special Considerations

Cardiac Adverse Events

In general, the risk of a cardiac event following a noncardiac 
surgery is 1–2%, and advanced age (over 65 years) is associ-
ated with an almost 2½-fold increase in risk of a significant 
event. Other risk factors described recently are consistent 
with those mentioned above: the presence of congestive 
heart failure (fourfold increase), emergency surgery (two-
fold), the need for a blood transfusion (almost threefold), and 
longer surgery (twofold increase). Past history of cardiac 
intervention, cerebrovascular, and hypertension disease was 
also significant (almost twofold increase) risk factors for an 
adverse event. The intraoperative hemodynamic course is 
probably relevant and this study suggested that episodes of 
hypotension and tachycardia increased chance of a postop-
erative event in high risk patients [3, 4, 6].

Pulmonary Disease

Five to fifteen percent of elderly patients undergoing surgery 
develop a postoperative pulmonary complication. The pres-
ence of chronic obstructive pulmonary disease (COPD) can 
increase the postoperative mortality rate by tenfold. Risk fac-
tors for postoperative pulmonary complications include 
severe COPD, advanced age, and undergoing high risk pro-
cedures, such as upper abdominal or intrathoracic surgery [8, 
39]. The increased risk during surgery in the presence of 
COPD relates to a combination of factors related to the 
patient, the surgery, and the anesthesia. Patients may exhibit 
increased sensitivity to medications through alterations in 
central respiratory control and changes in sensitivity to 
hypoxemia and hypercapnia; in addition, changes in respira-
tory mechanics that occur during mechanical ventilation can 
persist postoperatively. These detrimental effects may be 
exaggerated by residual muscle paralysis and the develop-
ment of atelectasis and consequent hypoxemia. The trauma 
induced by surgical incision can further limit optimal respi-
ration and pulmonary mechanics. In these older patients, full 
reversal of muscle relaxant and adequate analgesia is particu-
larly important to overcome the increased work of breathing 
associated with advanced age from stiffening of the chest 
wall and reduced elasticity of the lung tissues.

Elderly patient’s exhibit reduced threshold for apnea 
following narcotic administration and a blunting of the 
responsiveness to rising carbon dioxide levels. These changes 
leave the geriatric patient susceptible to periods of apnea, 
desaturation, and respiratory arrest. Opioid sparing tech-
niques using peripheral nerve blockade or alternate analgesic 
such as NSAIDs can be useful if they are compatible with the 
surgery [40].
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Regional anesthesia may obviate the need to manipulate 
the airway and this may offer advantages in patients with 
severely reactive airways disease. However, caution is needed 
as COPD patients with significant disease may not tolerate 
the associated reduction in respiratory muscle function with 
a spinal or epidural anesthetic, especially if they are depen-
dent on active expiration or have excessive secretions requir-
ing frequent coughing [41]. These compromised patients 
may experience a significant respiratory depression with a 
neuraxial block. Intrascalene nerve blocks may be associated 
with diaphragmatic paralysis secondary to phrenic nerve 
paresis and should not be used in patients with significant 
lung disease.

Renal and Metabolic

Normal aging is associated with a steady decline in baseline 
renal function and the choice of anesthesia administered to a 
geriatric patient should take into account the potential 
reduction in baseline renal function. Postoperative renal 
failure is rare but associated with a high mortality rate, 
accounting for one-fifth of postoperative deaths in elderly 
patients [42]. Associated risk factors for acute postoperative 
renal failure include advanced age over 65 years, type 1 dia-
betes mellitus, preexisting renal insufficiency, major vascu-
lar surgery, and recent exposure to nephrotoxins including 
NSAIDS, radio contrast dye, and amino glycoside antibiot-
ics. The postoperative renal failure is usually secondary to an 
ATN developing as a result of hypotension, hypovolemia, 
and/or dehydration.

Nervous System Assessment

In addition to predictable anatomical changes in the central 
nervous system, there is an increase in disorders of cognitive 
function with an increase in dementia, memory loss, and 
degenerative diseases such as Parkinson’s disease. Anatomical 
changes include gradual atrophy of the brain, reduction in 
gray cells, and widening of the ventricles. Alterations in neu-
rotransmitter levels and neuronal circuits lead to changes in 
memory and pharmacodynamic changes resulting in an 
increased sensitivity to certain medications such as midazo-
lam and some of the opioids [43]. Alterations in pain percep-
tion result from age-related changes in the peripheral nervous 
system, such as a reduction in myelinated fibers. In general, 
elderly patient’s exhibit increased pain thresholds, and this 
may contribute to the delay in presentation of painful condi-
tions such as peritonitis.

Neurodegenerative disorders increase with age and may 
influence the administration of anesthesia. One of the most 
common is Parkinson’s disease, which afflicts 3% of elderly 
persons over 65 years of age. Parkinson’ disease results from 
a loss of dopaminergic cells in the ventrolateral aspect of the 
substantia nigra of the basal ganglia. Characteristic symp-
toms include resting tremor, bradykinesia, cogwheel rigidity, 
postural instability, and a shuffling gait. The disease is also 
associated with autonomic dysfunction and orthostatic 
hypotension is common and frequently exacerbated by med-
ication such as l-DOPA and other treatments. Patients with 
Parkinson’s disease have increased oral secretions and are at 
increased risk of aspiration and laryngospasm during 
anesthesia. Orthostatic hypotension may be profound and 
medications that induce vasodilatation such as propofol 
should be administered cautiously. Parkinson’s medications 
should be continued until the time of surgery. l-DOPA 
(sinemet), the mainstay of treatment is only available orally 
with a relatively short half life of approximately 3  h. 
Unfortunately, Parkinson’s patients have a very high inci-
dence of postoperative confusion and delirium that may be 
difficult to treat. When possible, a regional anesthesia can be 
advantageous or a combined general regional technique that 
can lead to improved for postoperative pain control. When 
treating Parkinson’s patients, it is important to avoid agents 
that may exacerbate the symptoms such as the phenothiaz-
ines and metoclopramide.

Postoperative Cognitive Disorders

Postoperative delirium and postoperative cognitive dysfunc-
tion (POCD) are common complications in the elderly popu-
lation [43–45]. Delirium is an acute confusional state, usually 
appearing 1–3 days after surgery; it may persist for weeks to 
months in afflicted patients. The etiology is multifactorial 
including acute medical conditions such as sepsis, hypox-
emia, urinary tract infections, and alcohol withdrawal. 
Certain medications including meperidine and medications 
with anticholinergic effects such as diphenhydramine and 
scopolamine are highly associated with delirium, and should 
be avoided in the elderly patient [46]. Patients with preexist-
ing dementia, baseline cognitive difficulties and depression 
carry a high risk of developing delirium postoperatively. 
Delirium is associated with an increase in morbidity and 
mortality and also an increase in the length of stay and depen-
dent living situations. When pharmacological intervention is 
required, low dose haloperidol starting at 0.25–0.5 mg intra-
venously may be administered for treatment for agitation. 
Midazolam has been associated with a paradoxical excita-
tion in elderly patients with delirium and, in general, it is not 
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recommended; similarly long acting benzodiazepines can 
accumulate in the older patient and should be avoided.

In contrast to delirium, POCD refers to a specific cogni-
tive disorder generally recognized in the postoperative period 
and is ultimately diagnosed through neuropsychological 
testing. Studies have demonstrated that almost 10% of elderly 
patients receiving a general anesthesia had some cognitive 
dysfunction 3 months after surgery. The cause of POCD is 
unknown, and multiple studies have looked at the difference 
in prevalence between general and regional techniques 
[44,  47, 48]. To date there is no convincing evidence that 
regional anesthesia offers any cognitive advantages over 
general anesthesia.

The Intraoperative Course

Monitoring

Basic monitoring standards for all patients, including the 
elderly, undergoing anesthesia have been established by the 
ASA. The first standard requires the continuous presence of 
qualified anesthesia personnel in the operating room. The 
second standard requires a continuous assessment of the 
patient’s oxygenation, ventilation, circulation, and tempera-
ture. Although these standards are not different for older 
patients, aging patients may have associated comorbid con-
ditions that influence monitoring choices.

In most instances, oxygenation is continuously assessed 
using variable pitch pulse tone pulse oximetry. As a fall in 
oxygenation may actually be a late indicator of hypoventila-
tion, ventilation should be monitored using end tidal carbon 
dioxide to provide early identification of hypoventilation and 
possible hypercapnia. In addition to continuous ECG moni-
toring, the ASA requires BP assessment at least every 5 min. 
The decision to use additional invasive monitoring depends 
on the patient and the procedure. In the older patient labile 
blood pressure is commonly encountered [49], and a low 
threshold for continuous arterial blood pressure monitoring 
should be maintained. An arterial line can assist in both the 
precise titration of medications and access for blood sam-
pling during the case.

Aging cardiac changes render the older patient more 
susceptible to congestive heart failure in the event of exces-
sive fluid administration or significant shifts in volume [3, 
50]. Central monitoring of the central venous pressure or 
pulmonary artery catheter may be useful to manage the fluid 
administration during a case. Interpretation of the central 
pressure requires a careful consideration of the aging patients 
underlying physiologic condition. For instance, an older 
hypertensive patient with a “normal” CVP may actually be 

modestly hypovolemic. In  general, elderly patients benefit 
from higher preloads and are very dependent on the atrial 
contraction during diastole. There is significant controversy 
over the utility of the PA catheter as a tool to measure volume 
status and guide fluid resuscitation and the role of the 
transesophageal echocardiogram is yet to be established.

The Surgery

Laparoscopic surgery carries significant advantages in the 
elderly patient including a more rapid recovery, less pain fol-
lowing surgery, and reduced fluid requirements [51–53]. 
Laparoscopic cholecystectomy has been associated with 
improved postoperative pulmonary function vs. open chole-
cystectomy, and that may be advantageous for the frail elder 
with reduced pulmonary reserve. General anesthesia with 
controlled ventilation is preferred to allow adequate abdomi-
nal insufflation. During the surgery absorption of CO

2
 can 

result in hypercapnia and acidosis. The rise in intra-abdomi-
nal pressure accompanying the insufflation can lead to 
reduced venous return, increased peripheral resistance, and 
intrathoracic pressure leading to a diminished cardiac output 
and hypotension. In the frail elderly patient with reduced 
cardiac function these cardiovascular challenges can be sig-
nificant, requiring increased monitoring, and adjustment of 
the anesthetic medications to optimize cardiac function.

Medications

A decrease in total body water and increase in adipose can 
lead to a change in distribution of medications. Specifically, 
the water soluble agents such as most induction agents are 
distributed in a smaller initial compartment, resulting in 
increased exposure of receptors and potentially augmented 
impact. In contrast, lipid soluble medications may be depos-
ited in larger fat stores leading to prolonged and unpredictable 
recovery. Age-related hepatic changes and reduction in hepatic 
blood flow can result in a delay in the metabolism of certain 
drugs such as lidocaine [54]. Although albumin levels are 
usually preserved in health, they may be diminished in older 
patients with chronic disease, in general, the quality of protein 
binding may be reduced and these combined changes can lead 
to increased free fractions of tightly bound medication such as 
warfarin. For certain drugs such as the benzodiazepines and 
opioids, [55–57] age related increased sensitivity seems more 
related to changes in the pharmacodynamic and sensitivity of 
the receptors as opposed to an alteration in the distribution or 
clearance of the medications. In the next section, the impact 
of aging on individual agents will be considered [40].
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Anxiolytics

Benzodiazepines provide anxyiolyisis and amnesia. 
Diazepam and lorazepam are long acting anyxioltics com-
pared with midazolam, and their administration has been 
associated with postoperative delirium. In general, these lon-
ger acting drugs should be avoided in frail geriatric patients, 
although lorazepam may be indicated in certain circum-
stances such as alcohol withdrawal [56, 58].

Midazolam is a water soluble benzodiazepine generally 
given intravenously as an anxiolytic prior to the induction of 
anesthesia or as an adjunct to sedation; it may even be used 
as the sole anesthetic agent for very brief procedures. It is 
metabolized via hepatic hydroxylation to its major metabo-
lite 1-hydroxymidazolam that is subsequently conjugated 
and excreted. Pharmacodynamic changes with aging result 
in increased sensitivity to midazolam and the starting dose 
should be reduced to 0.5–1  mg, and increased slowly if 
needed [56]. There are very limited hemodynamic effects, 
although hypotension has been observed when midazolam is 
combined with fentanyl. In general, in older patients, it is 
advantageous to avoid midazolam altogether, and if needed 
in anxious patients the initial and subsequent doses should be 
reduced.

Induction Agents

Propofol or 2,6 di-isopropyl phenol is now the most 
commonly used intravenous anesthesia agent inside the 
operating room and also for procedures in remote locations. 
Propofol provides excellent hypnosis, a rapid recovery, and 
some protection against nausea and vomiting. Propofol also 
causes significant vasodilatation and potential hypotension 
that is exaggerated in older patients especially in the pres-
ence of hypovolemia. In general, older patients require less 
drug (20–60% reduction) to achieve the same level of anes-
thesia. The initial propofol dose in the older patient is dis-
tributed in a smaller central volume of distribution, and the 
peak concentration may be more pronounced and prolonged 
compared with a young patient in whom the redistribution 
occurs rapidly after the bolus dose. This translates to an 
increased sensitivity of older patients to smaller bolus doses 
and a delay to peak effect, including delayed peripheral 
vasodilatation. Thus in the elderly patients, it is important 
to reduce the bolus and increase the interval between 
repeated doses. Administration of even a small dose of 
propofol may result in respiratory arrest and for that reason 
it has been recommended that its use is limited to anesthesi-
ologists or providers trained in basic airway management 
and resuscitation [40, 59].

Etomidate is another induction agent frequently used to 
induce anesthesia, especially in elderly patients, trauma vic-
tims, or emergency circumstances. In contrast to propofol, 
etomidate has almost no cardiovascular side effects and is 
preferred in the patient with unstable hemodynamics and 
poor cardiac reserve. In older patients with significant car-
diac disease or unknown physiological reserve etomidate 
can be advantageous. In general, the induction dose should 
be reduced 25–50% in elderly patients.

Ketamine is a phencyclidine derivative, NMDA blocker that 
can produce dissociative anesthesia. Advantages of ketamine 
include absence of respiratory depression and analgesic 
properties. In the elderly patient, small doses of ketamine 
can reduce opioid requirements and offset the hypotensive 
effects of higher propofol doses during an MAC anesthetic. 
Its use has been associated with bad dreams and agitation in 
younger patients, but this may be less of a problem in the 
older patient when administered with low dose benzodiaz-
epines or propofol. Preemptive low dose ketamine infusions 
in the postoperative period have been used to treat patients 
with significant pain that is resistant to traditional medications. 
The opioid sparing effects of ketamine can be very useful in 
the older compromised patient. At these lower doses, there 
has been no evidence of any increase in cognitive problems.

Opioids

Elderly patient’s exhibit increased sensitivity to central respi-
ratory effects of opioid medications, and this may lead to an 
increase in the risk of unrecognized postoperative hypoven-
tilation and apnea. In general, all initial opioid doses should 
be reduced in older patients and careful monitoring of both 
oxygenation and ventilation is required [60, 61].

Fentanyl is a synthetic opioid, about 50–100 times as potent 
as morphine but not associated with histamine release. It is 
lipid soluble and has a rapid onset with little effect hemody-
namically and relatively short duration. During induction of 
anesthesia, fentanyl has been shown to block the adverse 
hemodynamic effects of intubation [55, 62].

Remifentanil is another highly potent synthetic opioid that is 
becoming increasingly popular for short stimulating proce-
dures and sedation, especially in elderly patients in whom 
significant perturbations of the cardiovascular system can be 
deleterious. Remifentanil is metabolized by rapid hydrolysis 
through esterases in blood and tissue, and is suitable for infu-
sions. In older patients, the initial dose and infusion should 
be reduced by about 33%. When larger doses are adminis-
tered bradycardia (that can be profound) and respiratory 
depression may occur and limit remifentnil’s use [57].
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Morphine is a popular opioid for postoperative pain [38, 61], 
frequently administered via a PCA [63]. Older patients show 
an increased sensitivity, decreased clearance, and in the pres-
ence of renal failure, the accumulation of metabolites can 
occur. Several studies have suggested that the initial postop-
erative requirements of morphine are similar in old and young 
patients but the maintenance doses should be reduced [64].

Meperidine is a short acting analgesic, which is not recom-
mended in elderly patients. It has been associated with delir-
ium and the accumulation of the metabolite normeperidine 
that can be neuroexcitatory and lead to seizures.

Neuromuscular Blocking Agents

Muscle relaxation during surgery is critical for exposure and 
to prevent patient movement, and is generally achieved 
through the administration of nondepolarizing drugs such as 
vecuronium and cisatracurium. These drugs are competitive 
antagonists of acetylcholine at the nicotinic receptor and 
act  at the postjunctional membrane of the neuromuscular 
junction. The most important anesthetic concern for the 
elderly patients is the complete reversal of these agents at the 
end of the surgery. Even a small amount of residual drug 
effect could result in significant respiratory impairment in 
the recovery room. For this reason, the longer acting muscle 
relaxant pancuronium should be avoided altogether in older 
patients.

Inhalational Agents

General anesthesia usually includes the addition of a volatile 
anesthetic agent; the most popular agents include sevoflo-
rane, desflorane, and isoflorane. It is well documented that 
older patients require less volatile anesthetic to attain a suit-
able depth of anesthesia. The amount of inhalational agent 
decreases linearly with aging so by age of 80 years a patient 
requires only about one-third that needed in a 20-year-old 
patient [65].

Other

Dexmetatomidine is an alpha 2 agonist, similar to clonidine, 
that is approved for sedation and has gained popularity as a 
sedative and anesthetic adjunct. Dexmetatomidine has pow-
erful analgesic properties and can be used in small bolus or 
as a continuous infusion. In addition to providing sedation 

and analgesia, dexmetatomidine is also a hemodynamic 
depressant and its administration can cause significant 
hypotension and bradycardia. In general, the cardiovascular 
side effects limits the use in older patients with cardiac dis-
ease, but in certain cases such as plastics, the hypotensive 
effect may be valuable; offsetting the hypertensive effects of 
infiltration of local anesthesia that includes epinephrine [59]. 
The full extent of dexmetatomidine’s role in postoperative 
analgesia has yet to be established.

Acetominophen is frequently overlooked as a useful opioid 
sparing analgesic in the immediate post-recovery phase. For 
the older patient without liver impairment, scheduled dos-
ing is recommended and frequently combined with a multi-
modal approach that includes low doses of NSAIDs or 
opioids [66].

Ketorolac is a potent NSAID available for intravenous 
administration. It can be a useful adjunct for pain relief and 
result in significant opioid sparing. Ketorolac, like all 
NSAIDS, must be used cautiously in elderly patents, espe-
cially in patients with dehydration or renal failure, a history 
of gastrointestinal bleeding, or anticoagulant or antiplatelet 
therapy. Postoperatively ketorolac should be administered 
for a short duration less than 5 days, and in older patients the 
dose should be reduced 50% starting at 15  mg and not 
exceeding total 60 mg/24 h.

Gabapentin is an anticonvulsant that has strong analgesic 
effects [67]. The mechanism of action of gabapentin is not 
fully known, but probably involves the neurotransmitter 
gamma amino butyric acid (GABA) system. Single preop-
erative doses of gabapentin have been found to reduce pain 
intensity and opioid use in the first 24 h postoperatively. In 
addition, gabapentin administration is associated with a 
reduced incidence of postoperative nausea and vomiting, 
constipation, and urinary retention, although an increase in 
sedation has been noted, especially at higher doses.

Ambulatory Surgery

Older age is not a contraindication to ambulatory surgery. 
Indeed some studies have suggested elderly patients may be 
more able to be fast tracked through the recovery area and 
discharged, possibly due to a reduction in medications and a 
lighter level of sedation administered compared with young 
healthy patients [51]. In general, there is limited data on 
outcomes in older patients following surgery, however, 
there is the suggestion that intraoperative arrhythmias and 
hypertension are more common in older patients vs. younger 
and that the incidence of postoperative nausea may be 
diminished with age [7, 9]. Postoperative urinary retention 



31725  Choosing the Best Anesthetic Regimen

can lead to significant morbidity, for instance in older males 
following hernia repair. In general, urinary retention has 
been associated with the administration of opioids, regional 
anesthesia (spinal or epidural anesthetics), male sex, older 
age, and anticholinergic medications.

Temperature Control

In general, exposure of a nonanesthetized patient to a cold 
environment such as the operating room will result in activa-
tion of receptors peripherally and centrally that lead to vaso-
constriction and an increase in heat production and basal 
metabolic rate. Usually the core temperature is maintained a 
few degrees higher than the peripheral tissues through tonic 
vasoconstriction. Unfortunately, normal aging results in the 
deterioration in thermoregulation both peripherally and cen-
trally leading to an increased risk of hypothermia. The age-
related physiologic changes blunt vasoconstriction and heat 
production, shivering is less effective and induced at lower 
temperatures compared with younger subjects. Furthermore, 
older patients have less lean body mass and lower basal 
metabolic rates at the outset, and they lose heat more quickly 
compared with younger patients.

The issues with temperature regulation are further exacer-
bated in the anesthetized elderly patient and the ability to 
withstand cold temperatures is inhibited in the presence of all 
anesthetic agents. Disordered temperature regulation has been 
observed following both general and regional anesthetics. 
The risks of hypothermia to an older patient are substantial 
and include myocardial ischemia, surgical infection, coagul-
opathy, bleeding, delayed drug metabolism, and arousal [68].

Since older patients may not respond appropriately to a 
drop in core temperature, the anesthetic plan should include 
the ability to actively warm older patients in and outside 

of  the operating room. Intraoperative heat loss may be 
minimized by prewarming surfaces and maintain room tem-
peratures high until the patient is fully draped. Warmed 
forced air blankets have been associated with improved 
maintenance of temperature.

Summary

In summary, “choosing the best anesthetic” for the geriatric 
patient requires meticulous attention to detail, knowledge of 
the physiologic changes that can be expected to occur during 
aging and an understanding of common comorbidities found 
in the elderly population. The risk of anesthesia and surgery 
is increased in frail older patients and anesthetics should be 
designed to avoid side effects and eliminate the occurrence 
of even small complications.
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In their review article, Brennan, Carr, and Cousins conclude 
that “because pain management is the subject of many initia-
tives within the disciplines of medicine, ethics, and law, we 
are at an ‘inflection point’ in which unreasonable failure to 
treat pain is viewed worldwide as poor medicine, unethical 
practice, and an abrogation of a fundamental human right” 
[1]. In coming to this conclusion these authors review much 
of the medical ethics literature which taken together is sum-
marized in their statement that “…a virtue ethics approach to 
bioethics would also yield a clear response to patient’s pain. 
A virtuous doctor would place the recognition, monitoring, 
and treatment of pain as a high priority. To this end, a virtuous 
doctor would inquire regularly about pain, respond appropri-
ately, and refer wisely if unable to control it” [1]. This of 
course became mandated by the Joint Commission for the 
Accreditation of Healthcare Organizations (JCAHO) in 
2000–2002, and the declaration by the US Congress calling 
2001–2010 the “Decade of Pain Control and Research” [1].

Brennan, Carr, and Cousins go on to state that “if there is a 
clear ethical duty to relieve suffering or to act virtuously by 
doing so, then one may argue that from that duty springs a 
right. The moral right to pain management emerges from, and 
is directly founded upon, the duty of the doctor to act ethically. 
Classically, the holder of a right has the capacity to enforce a 
duty in a person or institution. That ‘other’ has a duty to fulfill 
that right. Indeed, a basic tenet of the philosophy of rights is 
that a right can only exist if there is a preexisting obligation. If 
one accepts that a health professional has an obligation, where 
appropriate, to manage pain, then the patient has a concomi-
tant right, where appropriate, to receive such care” [1].

It is clear that this right to receive adequate pain manage-
ment is not more evident than in the postoperative surgical 
patient (of any age). Yet fear of uncontrolled postsurgical 
pain continues to be among the primary concerns of many 
patients about to undergo surgery [2]. This fear is not 

unfounded since, despite increasing research and clinical 
attention, many adult surgical patients continue to experi-
ence moderate to severe pain [3, 4]. Some improvement has 
been the result of the Joint Commission for the Accreditation 
of Healthcare Organizations (JAHCO) initiative for better 
pain management assessment and treatment as reported by 
Frasco et  al., who demonstrated that there has been an 
increased use of morphine and prophylactic antiemetics in 
postanesthesia recovery rooms without a concomitant 
increase in length of stay in the recovery rooms [5].

The ill effects of inadequately treated pain in the acute 
postoperative period are summarized by Sinatra [6]. Acute 
pain leads to increased sympathetic activity which in turn 
leads to tachycardia and hypertension [6]. In elderly patients 
with coronary artery disease, the risk of myocardial infarc-
tion is therefore increased. Regional blood flow can be 
impaired which may increase the risk of postoperative infec-
tion. Fear and anxiety resulting from inadequate pain control 
can impair sleep and rehabilitation. Splinting and shallow 
breathing can lead to hypoxemia, atelectasis, and pneumonia 
[6] (Fig. 26.1).

Less well recognized is the fact that inadequate acute 
postsurgical pain management can lead to chronic pain syn-
dromes [7, 8]. Without belaboring the point further, it is clear 
that these pathological effects of acute pain can lead to life 
threatening consequences and can also lead to chronic neuro-
pathic pain states that can affect the future quality of the 
patient’s life through a constellation of maladaptive physical, 
psychological, family, and social consequences. These 
chronic neuropathic pain states can be regarded as true dis-
ease entities leading to dependence on medication, reduced 
mobility, loss of strength, disturbances of sleep, and social 
consequences that can result in dissolution of family rela-
tions [9].

Ginsberg writing in Anesthesiology News, February 2002 
commenting on a Canadian study of postoperative pain man-
agement states “Pain interferes with out-patients’ activities, 
work, sleep, appetite, and concentration…Pain on the first 
day after surgery can be expected. But in the Canadian study, 
7 days after surgery, 50% of patients had pain that interfered 
with activity or work, and 25% could not sleep because of 
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pain” [10]. Ginsberg goes on to state that “Physicians as 
caregivers must take blame for inadequate pain treatment…
in the Canadian study on day 1, 60% were given a mild opi-
oid…by day 7, they only received tender loving care and 
chicken soup” [10].

These pathological consequences of uncontrolled pain 
may have greater consequences in the elderly population 
[11]. As the population ages, and surgical and anesthetic pro-
tocols become safer, the number of older patients undergoing 
surgery will grow [12]. By the year 2050, there will be a 
fourfold increase in the elderly population compared with 
only a 50% global population increase, and at that time 25% 
of the elderly will be over the age of 80 [13]. Elderly patients 
have surgery four times more frequently than the younger 
population [14].

However, there is little merit in considering the treatment 
of acute pain in the elderly population unless it differs from 
that provided to younger patients [13]. This begs the ques-
tions of whether elderly patients perceive pain differently 
from younger patients; are there changes in nociception that 
occur with aging, and do elderly patients process and respond 
to nociception differently?

Issues in treating pain in the elderly can therefore be bro-
ken down to:

Sensitivity to painful stimuli – nociception•	
Sensitivity of the central nervous system (CNS) (cogni-•	
tive impairment)
Pharmacodynamics/pharmacokinetics, organ function, •	
and aging

Metabolism of drugs (liver function)−−
Excretion of drugs (renal function)−−

Social concerns – addiction, pseudoaddiction, depen-•	
dence, and tolerance
Principles of titration of medications•	
Role of interventional techniques and regional •	
anesthetics

These issues will be addressed below.

Nociception Is Not Pain

Activity induced in the nociceptor and nociceptive pathways 
by a noxious stimulus is not “pain,” which is always a psycho-
logical state. Although we appreciate that pain most often has 
a proximate physical cause, especially acute pain, activity in 
nociceptor systems is not equivalent to the “experience of 
pain” [15]. The recognition that pain serves an important bio-
logic function related to survival raises the important question: 
to what extent do age-related changes in nociception impact 
on the capacity of the pain experience to fulfill an “enterocep-
tive” function such as thirst, hunger, and thermoception that 
constitute sensory indexes of the health of the body? [16]

Assessment and intervention for pain in the elderly should 
therefore begin with the assumption that all neurophysiologic 
processes subserving nociception are intact [17]. In fact 
Gagliese and Melzack demonstrated that age did not affect 
the rating of pain by postsurgical patients [18]. That is to say, 
tissue injury produces the same intensity of stimulus in an 
elderly person as in a young person.

There are data to suggest, however, that some impairment 
of Ad fibers occurs with aging, and therefore impedes the 
early warning of tissue injury [16]. There are also data that 
suggest that widespread and substantial changes in structure, 
neurochemistry, and function occur in the dorsal horn of the 
spinal cord and CNS with aging [16].

Multiple studies report reductions in the descending inhib-
itory modulating systems for nociception in the elderly [16, 
19]. Gibson and Ferrell conclude that the reduced efficacy of 
endogenous analgesic systems might be expected to result in 
a more severe pain experience following prolonged noxious 
stimulation [16]. It is also possible that the documented 
decline in afferent transmission pathways could be offset by a 
commensurate reduction in the endogenous inhibitory mech-
anisms of older persons, with a net result of little or no change 
in the perceptual pain experience [16]. They further conclude 
that any deficit in endogenous analgesic response (which is 
stimulus intensity dependent) will become critical, thereby 
making it more difficult for persons of advanced age to cope 
with severe or persistent clinical pain conditions [16].

Gibson reviewed the literature on pain threshold and tol-
erance in elderly patients [20]. Evidence suggests that as age 
advances, pain threshold increases, but pain tolerance 
decreases. The net effect may be that elderly patients experi-
ence acute surgical pain in the same way as younger patients. 
It is clear that if a surgeon was to make a skin incision with a 
scalpel in an elderly unanesthetized patient, then the patient 
would most certainly scream with pain. Yet silent myocar-
dial infarctions are more common in the elderly, and the 
bowel must be more distended before the elderly sense pain, 
often delaying the diagnosis of such conditions as a bowel 
obstruction [20, 21].
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Figure 26.1  Harmful effects of unrelieved acute pain (reprinted from 
Sinatra [6], with permission from Elsevier).
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With respect to the heart, the complete absence of “the 
perception of pain” that can occur in the presence of myocar-
dial ischemia, arteriolar occlusion, myocarditis, early acute 
endocarditis, valvular ulceration, etc. makes it difficult and 
yet extremely important to assess for pain in elderly patients 
recovering from surgery [22].

But while there is controversy over whether the number 
and integrity of nociceptors decreases with age, the clinical 
position that age dulls the “sense of pain” is untenable [16]. 
It is the processing of the nociceptive information that may 
be altered in the elderly, and the elderly may be more sensi-
tive to the side effects of medications that are used to treat 
pain. These observations thereby give the impression that the 
elderly are less sensitive to pain. But no physiologic changes 
in pain perception in the elderly have been demonstrated 
according to a five-state study by Cleeland [21]. This is sup-
ported by the observation that age does not affect the success 
of traditional interventions for the treatment of pain [17].

Again one would not assume that a surgical incision in an 
elderly patient will “hurt” less and therefore does not need to 
be treated. Likewise, anyone who has observed an elderly 
patient with acute herpes zoster certainly can attest to the 
excruciating pain that these unfortunate patients report. If 
given adequate preoperative teaching, assessed preopera-
tively for any impediments to the use of patient-controlled 
analgesia (PCA), e.g., dementia, elderly patients were suc-
cessfully started on PCA in the postanesthesia care unit after 
general anesthesia once they were awake and responsive 
enough to receive a loading dose of opioids titrated to  
comfort [17].

Postoperative Central Nervous System 
Dysfunction

Postoperative CNS dysfunction is a common complication in 
elderly surgical patients. Rohan and his associates reported 
that the incidence of postoperative cognitive dysfunction 
(POCD) in elderly patients on the first postoperative day 
after minor surgery performed under general anesthesia 
(either propofol or sevoflurane) was 47% compared with 7% 
for matched nonsurgical hospitalized patients [23]. The acute 
confusional state, postoperative delirium (POD), is also com-
mon and can occur in as many as 60% of patients depending 
on preoperative risk factors and the type of surgery [16]. 
Preoperative confusion has been found to be a predictor of 
POD [23]. Pain can lead to delirium which can complicate 
pain assessment [24]. At the same time, the effect of pain in 
patients who already have preexisting cognitive deficits or 
dementia with loss of communication skills, or even loss of 
basic reflexes (e.g., gag), may disturb the assessment of criti-
cal functions for the expression of pain [13].

Little is known of the neurophysiological relationships 
between pain- and age-related degenerative brain diseases. 
It has been reported that beginning at the age of 40 and con-
tinuing into late old age, there is reduced expression in the 
human brain of genes involved in learning and memory and 
neuronal survival [25]. But the ability for plasticity and new 
dendritic synapses (i.e., memory) is preserved even into old 
age [26].

It would appear that elderly patients are more susceptible 
to confusion and cognitive impairment, but retain some 
capacity to recover. It is not uncommon for elderly patients to 
go through a period of delirium postoperatively, and although 
recovery from the acute confusional state may be complete, 
POCD may persist for far longer. This is manifested by the 
complaint from the family that the elderly patient just never 
seemed “quite the same” again after the operation.

Pharmacodynamics/Pharmacokinetics, 
Organ Function, and Aging

Fine recently reviewed the issues of pharmacological man-
agement of persistent pain in older patients [27]. In general, 
the pharmacodynamic actions of drugs (what the drug does 
to the patient) are unaffected in the normal aging process. 
The molecular action of morphine is the same in all animals, 
although dose requirements to produce the same effect may 
change with age, and the therapeutic window between 
intended effect and side or adverse effects may be narrowed 
in the elderly [28, 29]. However, since centrally acting drugs 
may interact with a preexisting disease state, care must be 
taken when treating pain in patients with CNS disease such 
as Parkinsonism, Alzheimer dementia, or stroke.

The pharmacokinetic actions of drugs (what the patient 
does to the drug), on the other hand, are frequently affected 
by aging processes and disease states. Pharmacokinetic 
changes due to physical aging may complicate medication 
management [30]. Woodhouse and Mathur studied the 24-h 
cumulative PCA opioid administration as a function of age, 
and found that morphine and fentanyl both showed the 
expected reduction in dose by 50% in the elderly, but meperi-
dine was more variable due to a more complex pharmacol-
ogy [31]. This 50% reduction in PCA opioid analgesia 
requirement in elderly surgical patients compared with 
younger patients was confirmed by other investigators [17]. 
The patients in this study showed comparable levels of pain 
relief and satisfaction with this technology. Opioids have 
been shown to produce a greater incidence of respiratory 
depression in the elderly, but the elderly seem to be less sen-
sitive with respect to nausea and vomiting [32].

The most important generalization from physiologic 
studies of aging is that although the basal function of the 
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various organ systems may decline with aging that the impact 
of this decline may not be functionally important at rest. 
However, functional reserve and the ability to compensate 
for physiologic stress are reduced with aging [33]. With aging 
there is a decreased lean body mass and total body water and 
an increased proportion of body fat; these alter the volume of 
distribution and redistribution of drugs and alter their rates of 
clearance and elimination [33]. There is decreased liver mass 
and blood flow, which prolongs drug metabolism [34]. There 
is an age-related decrease in basal metabolic rate of the liver 
and a decline in albumin production of about 10% [35]. 
However, overall age-related changes in protein binding do 
not produce clinical difference in drug transport [36].

Drug biotransformation reactions can either lead to the 
inactivation of the parent compound, the conversion of an 
inactive compound to an active one, or result in metabolites 
that are even more active than the parent active drug [37]. 
Toxic metabolites are also produced that depend on rapid 
excretion to avoid harm to the organism. Drug biotransfor-
mation is usually an enzymatic process. Although most tis-
sues have some enzymatic metabolism, most occurs in the 
liver. Patients with impaired liver function will therefore 
have altered metabolic capacity for drug elimination [37].

Renal blood flow is also compromised by aging; approxi-
mately 10% per decade of life after the age of 50 with a loss 
of renal parenchyma also [38]. Perioperative metabolic aci-
dosis is relatively common in elderly patients who are less 
efficient in the renal excretion of acid [33]. Anesthetics, sur-
gical stress, pain, sympathetic stimulation, and renal vaso-
constrictive drugs may all compound subclinical renal 
insufficiency [33]. Cook and Rooke conclude that what is 
clear from a review of the physiologic changes with aging is 
that even the fit elderly patient’s ability to compensate for 
perioperative stress is compromised. The cardiac, pulmo-
nary, neurologic, and neuroendocrine changes that occur 
with aging make hypotension, low cardiac output, hypoxia, 
hypercarbia, and disordered fluid regulation more common-
place in the perioperative period. Furthermore, because base-
line cardiac, pulmonary, renal, and neurologic function is 
typically adequate in the absence of acute challenges, it can 
be very difficult to predict the effect of perioperative stress 
on the older patient [33].

The kidney, lungs, GI tract, and skin all have some capac-
ity to metabolize drugs. One of the major enzymatic systems 
for drug elimination with respect to analgesics and adjuvant 
analgesics is the cytochrome P450 system of enzymes. Drugs 
that are administered simultaneously and that are metabo-
lized by the same enzyme system will compete for binding 
sites leading to altered blood levels [37].

The elderly have decreased renal function which increases 
the risk of nonsteroidal anti-inflammatory drug (NSAID) 
nephrotoxicity and accumulation of metabolites of drugs 
like meperidine. There is decreased plasma binding which 

increases blood levels of active drugs, opioids, and NSAIDs 
[even the specific cyclooxygenase 2 (COX-2) inhibitors, 
such as celecoxib (Celebrex®)]. [39]

To understand the cascade of renal effects of NSAIDs, it 
is necessary to look at the beneficial effects of the enzyme 
cyclooxygenase 1 (COX-1) on converting arachidonic acid 
to various prostaglandins. These prostaglandins are neces-
sary for maintaining good renal blood flow, adequate glom-
erular filtration rate, and homeostasis of potassium and 
sodium retention through appropriate secretions of renin, 
aldosterone, and antidiuretic hormone (ADH). When the 
conversion of arachidonic acid to prostaglandins is inhibited 
by NSAID inhibition of COX-1, then the kidney comes under 
risk and losses its ability to regulate salt and water balance. 
This detrimental effect of NSAIDs on the kidney is potenti-
ated by renal hypoperfusion states [40]. All NSAIDs can 
result in renal insufficiency; and with the exception of sali-
cylsalicylic acid and choline magnesium trisalicylate, for 
which the risk is less, they can inhibit platelet aggregation 
and cause dyspepsia and gastric ulceration [41].

In a Canadian study of nearly 650,000 elderly patients 
being prescribed either traditional NSAIDs with or without a 
proton pump inhibitor (PPI), acetaminophen with or without 
a PPI, or NSAID and acetaminophen together with or with-
out a PPI, it was found that when given together, an NSAID 
plus acetaminophen increased the risk of GI bleeding even 
with the addition of a PPI [42]. Elderly patients must there-
fore be warned about the combined use of NSAIDs and acet-
aminophen that can be purchased over-the-counter.

NASIDs have peripheral and central effects [43]. The 
“Constitutive” effects of the prostaglandins resulting from 
the actions of COX-1 also include protection of the stomach 
and intestinal lining, and preservation of platelet function 
[44]. The “Inducible” effects of COX-2 on conversion of 
arachidonic acid to prostaglandin E-2 leads to inflammation 
and pain. Blockade of the action of COX-2 reduces inflam-
mation and pain without affecting the good effects of the 
prostaglandins that are COX-1 dependent [44, 45]. In the 
presence of inflammation, COX-2 can be found elevated in 
the CNS. This elevation is primarily due to upregulation of 
interleukin-1b. The action of COX-2 leads to increased lev-
els of prostaglandin E2. Antagonists of interleukin-1b or 
blocking COX-2 both lead to antinociception [46]. The com-
mon NSAIDs are nonspecific because they have variable 
effects on blockade of COX-1 and COX-2. The most com-
mon oral NSAIDs used in clinical practice are shown in 
Table 26.1.

There is a ceiling dose effect to all of the NSAIDs, above 
which no further analgesia is obtained; and although the dose 
may vary it usually falls below the maximal recommended 
dose of the manufacturer [47]. In general, for elderly patients, 
agents with short half-lives (e.g., ibuprofen) are most appro-
priate; for patients with a history of dyspepsia, ulcer disease, 
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or bleeding diatheses, either salicylsalicylic acid or choline 
magnesium trisalicylate should be used if a traditional 
NSAID is indicated [41]. NSAIDs can be combined with 
opioids to enhance analgesia.

Parenteral NSAIDs

Parenteral NSAIDs (e.g., ketorolac) are being used increas-
ingly for postoperative pain as sole analgesic agents and in 
conjunction with opioids as opioid-sparing agents [48]. The 
efficacy of ketorolac, currently the only available parenteral 
NSAID in the USA, has been well established with 30 mg 
being equianalgesic with 10 mg of parenteral morphine [48]. 
When used together, there was a significant reduction of 
adverse side effects of opioids due to a significant reduction 
in morphine requirements. Intravenous ketorolac has been 
shown to reduce opioid requirements for knee and hip 
replacement surgery by 35–44%, and by 50–75% for thora-
cotomy and upper abdominal surgery [49, 50]. While ketoro-
lac can reduce opioid requirements, it is not potent enough to 
be used as a sole analgesic after major surgery such as intra-
abdominal surgery [51].

Peak analgesia from ketorolac is typically seen 1–2 h after 
administration, and the half-life is approximately 6 h, although 
it may be prolonged in patients with reduced renal function or 
in the elderly. The manufacturer’s recommended dose for 
elderly individuals or those with renal insufficiency is 15 mg 
every 6 h following a 30 mg loading dose, and doses as low 
as 7.5 mg q6h have been found to significantly reduce opioid 
requirements in such painful surgeries as spinal fusion [52].

Ketorolac has a side-effect profile similar to those of other 
NSAIDs. There appears to be a significantly increased risk 
of gastrointestinal bleeding in the elderly, particularly with 
high doses and with the duration of use of more than 5 days 
[53–55]. But when used in doses of 15 mg or less q6h for less 
than 3 days, toxicity seems to be minimal.

Parecoxib is a specific COX-2 inhibitor that is available in 
Europe for intravenous administration. In a study of pare-
coxib 40 mg IV administered on induction of general anes-
thesia, and then q12h for 24  h; improved postoperative 
analgesia without increased bleeding for total hip arthro-
plasty was observed. It is well known that COX-2 is respon-
sible for the synthesis of prostaglandins, which sensitizes the 
nociceptor and acts as excitatory neuromediators in the CNS 
and in the periphery [45, 56].

In another study, parecoxib was found to be an effective 
analgesic in acute postoperative pain at 20 or 40  mg over 
placebo given either intravenously or intramuscularly. The 
number needed to treat (NNT) for parecoxib 20 mg IV for at 
least 50% pain relief over 6 h was 3.0 and for 40 mg was 2.2 
[57]. This compares favorably with other analgesics, e.g., 
morphine 10 mg where the NNT was 3, ibuprofen 400 mg 
where the NNT was 2.7, and acetaminophen 1,000 mg where 
the NNT was 4.6 [58]. Ibuprofen was actually more effective 
than morphine at these doses. In direct comparison of 4 mg 
of intravenous morphine with 30 mg of intravenous ketoro-
lac or 20 mg of intravenous paracoxib, the times to remedi-
cation were 3  h for morphine versus 5.5  h for both the 
ketorolac and paracoxib at the specified doses [59].

Symptomatic hepatic effects attributable to therapeutic 
use of most NSAIDs are extremely rare and usually mild 
except in over dosage of acetaminophen (not a true NSAID 
but used as a nonopiate analgesic) where fatal hepatic necro-
sis can occur. There is no clearly established explanation for 
why some compounds are more hepatotoxic than others. It is 
possible that some compounds undergo oxidation, probably 
to the phenylic ring structure, yielding highly reactive metab-
olites. Compounds that cause mild hepatic damage, such as 
diclofenac and bromfenac, may produce some reactive epox-
ides during biotransformation [60].

Impairment of wound healing has been attributed to the 
use of NSAIDs in the postoperative period. Studies have 
shown that there was no effect on epidermal wound healing 
with selective COX-2 and nonselective COX inhibitors in a 

Table 26.1  Common oral NSAIDs by chemical class

Propionic acids Salycilates Fenamates Oxicams Acidic acids Benzine-acidic acid

Ibuprofen  
(Motrin®)

Aspirin Meclofenamate  
sodium  
(Meclomen®)

Piroxicam  
(Feldene®)

Tolmetin sodium 
(Tolectin®/DS)

Diclofenac sodium 
(Voltaren®) 
(Voltaren® XR)

Naproxen  
(Naprosyn®)

Diflunisal (Dolobid®) Indomethacin  
(Indocin®)  
(Indocin® SR)

Fenoprofen  
calcium  
(Nalfon®)

Salicylsalicylic acid  
(Disalcid®)

Sulindac (Clinoril®)

Ketoprofen  
(Orudis®)

Choline magnesium  
trisalicylate (Trilisate®)

Source: Data from Insel [60]
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mouse model. The authors propose that this was probably 
due to redundant mechanisms for wound repair, most of 
which are not influenced by the COX-2 inhibitors [61].

Power indicates in his review article that the data is con-
flicting with respect to bone healing and nonunion when 
these agents are used in orthopedic procedures [62]; but 
much of the adverse data come from animal studies which 
may not have clinical significance in humans [63, 64]. Short-
term use of COX-2-specific inhibitors may play an important 
role in preventive analgesia for postoperative pain manage-
ment [56, 65].

It is important to remember that COX-2-specific inhibi-
tors do not affect platelet aggregation [45, 56] and therefore 
may pose a risk for myocardial infarction (MI) if the patient 
is taken off aspirin therapy. Since low-dose aspirin is increas-
ingly being used for cardioprotection, it is important to note 
that coadministration of selective COX-2 inhibitors does not 
alter this protective effect [66]. It has recently been shown 
that celecoxib (Celebrex™) does not appear to be associated 
with an increased risk of serious cardiovascular thromboem-
bolic events and it is the only remaining oral COX-2 inhibi-
tor available in the USA [67]. It could therefore be used as a 
preoperative medication and continued postoperatively 
through healing (e.g., <10 days) as part of a multimodal pre-
ventive analgesic regimen, if the patient is able to take oral 
medications and does not have an allergy to sulfa-containing 
medications.

Opioids

Opioids are the closest drugs we currently have to an ideal 
analgesic. They exhibit no ceiling effect and can produce 
profound analgesia by progressive dose escalation. They are 
the most effective agents for the relief of any type of acute 
pain because of their predictable dose-dependent response. 

Opioids have no significant long-term organ toxicity and can 
be used for years [68]. Addiction is negligible when opioids 
are used in the context of medical care [69].

It is clinically useful to classify opioids as weak or strong 
depending on their relative efficacy. Weak opioids are used 
for moderate or less severe pain, and their efficacy is limited 
by an increased incidence of side effects at higher doses (e.g., 
nausea and constipation with codeine, CNS with propoxy-
phene) [41].

Morley introduced a concept of “Broad Spectrum 
Opioids” versus “Narrow Spectrum Opioids” [70]. The nar-
row spectrum opioids have analgesic actions limited to the 
Mu, Kappa, and Delta opioid receptors. For purposes of 
acute postoperative pain management, we are primarily deal-
ing with Mu opioid agonists. The broad spectrum opioids 
find more usefulness in chronic pain and neuropathic pain 
with their Mu opioid action enhanced by actions also as 
N-methyl d-aspartate (NMDA) receptor antagonists. In addi-
tion, some have central neuromodulating effects through 
inhibition of reuptake of serotonin and norepinephrine simi-
lar to many antidepressants. Some broad spectrum opioids 
have all three properties (e.g., methadone). These actions of 
the different opioids in common use are summarized in 
Table 26.2.

When opioids are used in a fixed oral dose mixed with a 
nonopioid analgesic, their efficacy is limited by the maximal 
safe dose for the acetaminophen, aspirin, or NSAID compo-
nent. A list of the common combination oral opioids is shown 
in Table 26.3.

Strong opioids are used for more severe pain. They have a 
wide therapeutic window and no ceiling effect, with higher 
doses producing an increasing level of analgesia. They are 
the agents of choice for parenteral administration. Patients 
experiencing moderate pain should be started on a weak opi-
oid. Patients whose pain is severe or whose pain persists, 
despite the use of a weak opioid, should be administered a 
strong opioid [41].

Table 26.2  Broad spectrum versus narrow spectrum opioid analgesics

Broad spectrum opioids with  
NMDA receptor blocking action

Broad spectrum opioids which inhibit  
reuptake of serotonin and norepinephrine

Narrow spectrum opioids with analgesic  
action limited as Mu opioid agonist

Methadone Methadone Morphine
Ketobemidone Levorphanol Hydromorphone
Dextroproxyphene Dextromethorphan Codeine
Dextromethorphan d-Propoxyphene Etorphine
Meperidine (pethidine) Tramadol Fentanyl

Meperidine (Pethidine) Sufentanil
Oxycodone
Hydrocodone
Buprenorphine

Source: Data from Morley [70]
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Weak Opioid Agents

These are the most commonly prescribed opioids particu-
larly in the elderly. They are available in various strengths 
and should be started in low doses in the elderly. Most are 
even scored so that half doses can be given.

Codeine, an alkaloid of opium, is the prototype “weak” anal-
gesic. Although a parenteral preparation is available, it is 
nearly always given orally and often in a fixed mixture with 
a nonopioid analgesic. A 200 mg dose is equipotent to 30 mg 
of morphine. The half-life of codeine is 2.5–3.0  h [41]. 
Codeine is often combined with acetaminophen with or 
without caffeine in doses of 300 mg acetaminophen, 30 mg 
codeine, and 15 mg caffeine (e.g., Tylenol 3™).

Hydrocodone is a codeine derivative, available in the USA 
only in combination with acetaminophen, aspirin, or ibupro-
fen. It is more potent than codeine, although good data are 
lacking [41].

It should be remembered, however, that codeine 
(Tylenol™ 3 or 4), dihydrocodeine (Synalgos™ DC), and 
hydrocodone (Vicodin™, Lortab™, Norco™, etc.) do not 
have opioid action until they undergo metabolic conversion 
to morphine or hydromorphone by the action of the enzyme 
CYP2D6, one of the P450 group of enzymes [71]. Twenty 
percent of the population is reported to be deficient in this 
enzyme and therefore will have a poor response to these 
medications. In addition, there are a number of drugs which 

will depress the action of CYP2D6, such as: amiodarone 
(Cordarone®), fluoxetine (Prozac®), haloperidol (Haldol®), 
paroxetine (Paxil®), propafenone (Rythmol®), propoxyphene 
(Darvon®), quinidine, ritonavir (Norvir®), terbinafine 
(Lamisil®), thioridazine (Mellaril®), etc. [71].

Oxycodone is a semisynthetic derivative of the baine, an 
opium alkaloid. Because of its high bioavailability (>50%), 
it is suitable for oral administration and is 1.5 times more 
potent than morphine by this route and ten times more potent 
than codeine [72, 73]. When administered parenterally, its 
intensity and duration of analgesia are 25% less than those of 
morphine [73]. However, in the USA, oxycodone is exclu-
sively an oral medication. Oxycodone given orally has a 
half-life of 2–3 h and duration of action of 4–5 h. It is metab-
olized like codeine: demethylated and conjugated in the liver 
and excreted in the urine [73]. Oxycodone has been consid-
ered a “weak” analgesic because of its use in a fixed combi-
nation with acetaminophen and aspirin, e.g., Percocet® 
(oxycodone 2.5, 5, or 10 mg with acetaminophen 325 mg) or 
Percodan® (oxycodone 5 mg with aspirin™ 325 mg) which 
limits its dose. When oxycodone is used alone, it has no ceil-
ing effect for analgesia. It is more potent than morphine, and 
there are reports suggesting that it might have fewer side 
effects [74, 75]. Its availability in 5 mg tablets permits care-
ful titration in patients with a narrow therapeutic margin. It is 
also available in extended-release preparations with doses of 
10, 20, 40, and 80 mg without acetaminophen, which can be 
used for q12h dosing or occasionally q8h dosing.

Table 26.3  Combination opioids available for oral administration

Trade name® Opioid component Dose of opioid (mg) Adjuvant drug Dose of adjuvant (mg) Tabs/caps/day

Advil Ibuprofen 200 12

E.S. Tylenol Acetaminophen 500 8

Tylenol-3 Codeine 30 Acetaminophen 300 13

Tylenol-4 Codeine 60 Acetaminophen 300 13

Darvon Propoxyphene 65 NL

Darvocet Propoxyphene 65 Acetaminophen 325 13

Darvocet N-100 Propoxyphene 100 Acetaminophen 325 13

Vicodin Hydrocodone 5 Acetaminophen 500 8

Vicodin ES Hydrocodone 7.5 Acetaminophen 750 5

Lortab Elix Hydrocodone 7.5 Acetaminophen 500 8

Lorcet 10/650 Hydrocodone 10 Acetaminophen 650 6

Norco Hydrocodone 10 Acetaminophen 325 13

Vicoprofen Hydrocodone 7.5 Ibuprofen 200 12

Percodan Oxycodone 5 Aspirin 325 6

Percocet Oxycodone 5
10

Acetaminophen 325 13

Tylox Oxycodone 5 Acetaminophen 500 8

Oxycodone Oxycodone 5 NL
The dose is limited by the adjuvant not by the opioid component. The maximum doses should be reduced in the elderly or in the presence of liver 
and renal insufficiency
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Oxycodone is therefore a versatile and flexible oral medi-
cation that can be used to treat pain of any intensity requiring 
an opioid analgesic [41]. It is also interesting that patients 
who report poor analgesic effect from codeine- and hydro-
codone-based opioids will report excellent analgesia from 
oxycodone-based analgesics. This is a result of enzymatic 
metabolism of oxycodone by CYP2D6. Therefore, the 
patients who are deficient in this enzyme cannot convert 
codeine or hydrocodone to morphine, but also will not 
metabolize oxycodone quickly and therefore have a pro-
longed effect from oxycodone [71]. The reverse would also 
be true in that those patients who genetically have high levels 
of CYP2D6 will get excellent analgesia from codeine or 
hydrocodone, but oxycodone although effective, will have a 
shortened duration and require more frequent dosing.

Propoxyphene (Darvon™ or Darvocet™, propoxyphene/
acetaminophen) is a synthetic analgesic structurally related 
to methadone. It is approximately equipotent to codeine as 
an analgesic but lacks its antitussive properties. Its analgesic 
activity lasts 3–5  h, its half-life is 6–12  h, and its major 
metabolite is norpropoxyphene, which has a half-life of 
30–36 h and may be responsible for some of the observed 
toxicity, particularly in the elderly [76]. Norpropoxyphene 
has local anesthetic effects similar to those of lidocaine, and 
high doses may cause arrhythmias. Seizures occur more 
often with propoxyphene intoxication than with other opi-
oids. It is more difficult to manage and offers no advantage 
over other opioids, and therefore it is a poor choice of mild 
analgesic in the elderly [41].

Tramadol (Ultram®) is a weak opioid analgesic that also inhib-
its the reuptake of serotonin and norepinephrine. A tramadol 
dose of 50  mg appears to be equianalgesic with 60  mg of 
codeine [77]. Unlike other opioids, tramadol exhibits an anal-
gesic ceiling, which limits its use for severe pain syndromes. 
Tramadol appears not to be associated with physical depen-
dence but does have a relatively high incidence of associated 
nausea compared with that of other opioids [78]. Tramadol is 
also available as a combination drug with acetaminophen 
(Ultracet® 37.5 mg tramadol/325 mg acetaminophen) or as a 
sustained-release tramadol of 100 or 200 mg (Ultram® ER).

Strong Opioid Agents

As described by Morrison et  al., morphine is the prototype 
strong opioid agonist [41, 79]. In the past, all other opioids 
were compared with morphine when determining their relative 
analgesic potency. But Shafer and Flood describe several con-
cepts that must be considered when treating the elderly with 
opioids by bolus intravenous administration or by continuous 
infusions as is commonplace in the postoperative period [30]. 

They state that “the calculation of the equianalgesic dose is 
complicated by the relative intrinsic potency of the opioids, the 
different pharmacokinetic profiles, and the large differences in 
the rate of blood–brain equilibration.” Further, because of these 
stated differences in the properties of the opioids, the equianal-
gesic dose also becomes a function of the time after the injec-
tion was made; and they give an example of fentanyl (50 mg), 
which has a rapid onset, will have the same effect at 10 min as 
5 mg of morphine which has a slow onset time. However, at 
60  min postinjection, 50 mg of fentanyl will have the same 
effect as 1 mg of morphine [30]. Thus, one must be careful in 
titrating morphine with frequent bolus doses since it may result 
in stacking the effect which may not become evident until 
60 min later. It may be better to load a patient to comfort with 
fentanyl while starting a PCA with morphine or hydromor-
phone, in order to allow enough time for the longer acting and 
slower onset opioids to reach peak effect and steady state.

Like other “strong” opioids, there is no ceiling to the anal-
gesic effect, although side effects, particularly sedation and 
confusion, may intervene before optimal analgesia. Morphine 
is metabolized in the liver, where it undergoes glucuronida-
tion at the 3- and 6-positions. Morphine-3-glucuronide 
(M3G) and morphine-6-glucuronide (M6G) accumulate with 
chronic morphine administration [80]. M6G binds to Mu 
receptors with affinity similar to morphine but also binds to 
delta receptors, which may account for its higher analgesic 
potency [69, 81].

M6G appears to be 20 times more analgesic than morphine 
when administered directly in the periaqueductal gray, but 
only 0.077% of this metabolite crosses the intact blood–brain 
barrier following oral or parenteral administration [81, 82].

With single-dose morphine studies, the relative paren-
teral/oral potency ratio is 1:6 [83]. After chronic use, the 
ratio changes to 1:3 as a result of the accumulation of active 
metabolites [84]. There is experimental [85] and clinical [86] 
evidence that M3G, which has negligible affinity for opioid 
receptors and does not produce analgesia, has excitatory 
effects on neurons and can cause myoclonus and rarely a 
hyperalgesic state [81]. It is thought that the myoclonus and 
hyperalgesia precipitated by M3G are mediated by different 
receptor mechanisms [87].

The half-life of morphine is about 2 h but the onset time 
for analgesia from a bolus dose can be as long as 90  min 
[88]. Shafer and Flood comment that this slow onset of anal-
gesia should make it difficult to titrate morphine [30] even 
though Auburn showed that titration of small morphine doses 
every 5 min was safe and effective in the elderly [28, 88].

Extended-release oral preparations of morphine have 
been available for many years in many different doses per-
mitting q8h, q12h (MS Contin™), and once daily dosing 
(Kadian™ and Avinza™). Slow-release preparations should 
be used only after dose titration with morphine sulfate and 
only if the pain is expected to continue [41]. Morphine 
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metabolites are eliminated by glomerular filtration and can 
accumulate in patients with renal insufficiency, leading to an 
increased incidence of side effects [89]. Morphine should be 
used with caution in the presence of renal failure; and if uti-
lized, the dosing interval should be increased.

Hydromorphone (Dilaudid®) is a potent semisynthetic 
phenanthrene-derivative opioid agonist [22]. When single 
doses are administered parenterally, 2 mg of hydromorphone 
is equipotent to 10  mg of morphine. Hydromorphone is 
somewhat shorter acting than morphine but has a higher peak 
effect. Its bioavailability is 30–40% with an oral to paren-
teral ratio of 5:1 [90]. It has a half-life of 1.5–2.0  h, and 
active metabolites may accumulate during renal failure [91]. 
Because hydromorphone is highly water soluble, continuous 
subcutaneous infusion and intravenous infusions of hydro-
morphone result in similar analgesia and side effects [92].

Fentanyl is a synthetic phenylpiperidine-derivative opioid ago-
nist that interacts primarily with Mu receptors [93]. It is 80–100 
times more potent than morphine and highly lipophilic [30]. 
The onset time for analgesia when administered intravenously 
is 2–3 min making it an ideal agent for analgesic titration.

Fentanyl is also available in both a transdermal 
(Duragesic™) form and oral transmucosal (Actiq™) form. 
The transdermal form is not recommended, however, for the 
treatment of postoperative pain because the titration is lengthy 
and it lacks the flexibility, which is the cornerstone of treat-
ment for acute and evolving pain. Oral transmucosal fentanyl 
is being used for severe breakthrough pain requiring rapid 
onset without intravenous access (e.g., at home). Its inherent 
safety is that the patient can discontinue administration with 
the onset of analgesia without having to use the entire dose.

Levorphanol (Levo-Dromoran™) is a synthetic opioid ago-
nist structurally related to the phenanthrene-derivative opi-
ates. It is a potent Mu agonist but also binds delta and kappa 
receptors [94]. When administered parenterally, 2 mg of lev-
orphanol is equianalgesic to 10 mg of morphine [95]. Because 
it has a half-life of 12–30  h and duration of analgesia of 
4–6 h, dose reduction may be required 2–4 days after starting 
the drug to avoid side effects resulting from drug accumula-
tion. Levorphanol should not be used in patients with 
impaired renal function or encephalopathy because of the 
dangers of drug accumulation and the development of toxic 
serum levels. It should be used only for patients who cannot 
tolerate other opioids because of the combination of inade-
quate analgesia and intolerable side effects [96].

Because Levo-Dromoran™ is four to eight times as potent 
as morphine and has a longer half-life, the dosage in elderly 
patients with cancer or with other conditions for which chronic 
opioid therapy is indicated must be individualized. Because 
there is incomplete cross-tolerance among opioids, when con-
verting a patient from morphine to Levo-Dromoran™, the 
total daily dose of oral Levo-Dromoran™ should begin at 

approximately 1/15 to 1/12 of the total daily dose of oral mor-
phine that such patients had previously required and then the 
dose should be adjusted to the patient’s clinical response not 
more frequently than every 72 h.

Methadone is a synthetic diphenylheptane-derivative opiate 
mu agonist. It is an inexpensive and effective analgesic, but 
its use is limited by the need for a carefully individualized 
dose and interval titration. When administered to opioid-
naive patients, especially the elderly, the risk of overdose is 
high. It should therefore be used only for selected patients 
and only by individuals experienced with its use [97]. The 
oral bioavailability is high, ranging up to 100%, and it is 
rapidly absorbed from the gastrointestinal tract with measur-
able plasma concentrations within 30 min after oral adminis-
tration [97, 98]. It has no active metabolites and its clearance 
is not affected by hepatic or renal disease [98].

When administered in single parenteral doses to opioid 
naïve patients, methadone is equipotent to morphine, with 
duration of analgesia of 4–6 h [99]. Its plasma level declines 
in a biexponential manner with a half-life of 2–3 h during the 
initial phase and 15–60 h during the terminal phase [100]. 
This biexponential decline accounts for the relatively short 
analgesic action and the tendency for drug accumulation 
with repeated dosing. A reduction in dose and interval fre-
quency is often needed during the first few days of treatment 
to prevent side effects from overdosage [101]. The rare 
patient allergic to morphine and intolerant to fentanyl might 
benefit from methadone because of its different chemical 
structure. Furthermore, since methadone is cleared almost 
exclusively by the liver, it can be a useful medication in 
patients with renal failure [102].

Patients with neuropathic pain or opioid tolerance can 
often obtain relief when changed to methadone. However, 
methadone must be started at a much lower dose and 
increased slowly, with a frequency of not less than every 3 
days. Breakthrough doses of the present opioid must be 
maintained during this transition period [103]. Another inter-
esting recent finding concerning methadone is the report that 
it is a potent inducer of cell death in leukemia cells and inhib-
ited proliferation of these cancer cells [104].

As stated previously, methadone also has antagonist 
action at the NMDA receptor site thus being effective in neu-
ropathic pain states of tolerance, and has action on inhibiting 
reuptake of serotonin and norepinephrine effectively increas-
ing the concentration of these antinociceptive hormones at 
the level of the spinal cord [103].

Meperidine (Demerol®), a synthetic phenylpiperidine-
derivative mu agonist with anticholinergic properties, used 
to be the most commonly prescribed analgesic for acute pain 
and was widely used for chronic pain [41]. The reasons for 
this enthusiasm are unclear and irrational. Meperidine is 
reported to cause less biliary spasm than morphine [105]. 
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This property, however, has not been shown to be clinically 
advantageous. The CNS excitatory effects that appear after 
chronic use, particularly in the elderly, and in patients with 
renal insufficiency are well substantiated, and the accumula-
tion of its metabolite normeperidine causes multifocal myo-
clonus and grand mal seizure that are not reversed by 
naloxone [106, 107]. The half-life of meperidine is 3  h. 
Short-term treatment with meperidine has been associated 
with mild negative alterations in various elements of mood 
[107]. Therefore, the physician order for 25 mg of Demerol® 
q4h i.m. PRN for pain in the elderly hip fracture patient 
should be discouraged.

When administered to patients’ receiving monoamine oxi-
dase (MAO) inhibitors, severe respiratory depression or exci-
tation, delirium, hyperpyrexia, and convulsions can occur 
[108]. The equianalgesic dose to 10 mg of parenteral mor-
phine is 75–100 mg of meperidine. The oral/parenteral ratio is 
1:4. Its use as an oral agent for long-term use is rare if ever 
justified because of its poor oral bioavailability and toxic 
metabolite (normeperidine); however, it still can be a useful 
agent for acute pain crisis in the emergency room or postanes-
thesia recovery room when patients have known neuropathic 
pain or acute opioid tolerance, or shivering [109, 110].

Principles of Dosing and Delivery Methods

Onset, peak, and duration of analgesia vary with the drug, 
route of administration, and individual patient. The recogni-
tion of this variability allows the appropriate choice of drug, 
route, and scheduling. The elderly exhibit a more pronounced 
pharmacologic effect after any weight-adjusted opioid dose. 
The analgesia is more intense, but the cognitive and respira-
tory effects and perhaps constipation are more severe. This 
enhanced effect is likely due to a lesser volume of distribu-
tion (approximately half that of younger patients), decreased 
clearance, and diminished target organ reserve (CNS, pul-
monary function, and bowel function) [111, 112].

Other factors that influence opioid effects, but to a lesser 
degree than that of age, are body weight, severity of pain, 
abnormal renal function, nausea/vomiting, and cardiopulmo-
nary insufficiency. After the initial dose determination, drugs 
are titrated based on the analgesic effect. For patients with 
severe acute pain, such as postoperative pain, parenteral 
morphine was usually the opioid of choice [41]. Today, at 
least in the well-monitored site of the postanesthesia recov-
ery room, hydromorphone and fentanyl have become more 
common. Opioids should be titrated until one of the two end-
points is reached: adequate analgesia or the development of 
intolerable side effects [113].

Dose titration to comfort must be accomplished before 
beginning PCA. In this author’s experience, one can utilize 

the total dose required to obtain comfort as a measure of the 
3-h patient requirement in setting up a PCA. Basal infusion 
rates are not recommended for the elderly as accumulation of 
dose can occur during periods of sleep. But the lockout period 
must also be adjusted so that the patient has adequate time to 
experience the effect of the analgesic but short enough that 
the patient can “catch up” with his/her pain (see below).

PCA and Intravenous Infusions

PCA is a safe, effective modality for the delivery of opioids 
for pain that is expected to resolve (e.g., postoperative pain). 
The patient self-delivers fixed doses of an opioid by pressing 
a button. An overdose is infrequent because the patient must 
be alert to press the button and there is a lockout time between 
delivered doses during which pressing the button does not 
result in the delivery of medication. Family members must 
be cautioned not to press the button for their loved ones while 
the patient is sleeping in response to a groan or grimace. The 
usual PCA starting dose for morphine is 1 mg and for hydro-
morphone is 0.2  mg. The usual lockout time is 8, 10, or 
15 min, although this should be adjusted for the individual 
patient depending on the severity of pain, the age of the 
patient, and whether there is a basal rate. Some advocate a 
low-dose basal infusion of opioid at night (e.g., morphine 
0.5  mg/h or hydromorphone 0.1  mg/h) to avoid frequent 
awakenings because of pain, especially for the first 2–3 
nights after surgery, although this may increase the daily 
morphine consumption [114]. Others feel that in the elderly 
it is better that the patients be allowed to awaken and press 
the PCA button on their own [115]. However, when PCA was 
compared with the more traditional “as-needed” administra-
tion of intramuscular opioids in a randomized trial involving 
postoperative pain control in elderly men, PCA using mor-
phine without a basal rate was clearly found to result in better 
analgesia, fewer complications, less sedation, and higher 
patient satisfaction than intramuscular opioids [116].

For patients unable to operate PCA or in situations where 
PCA is not available, a continuous opioid infusion (e.g., 
morphine 0.5–1.0 mg/h or hydromorphone 0.10–0.25 mg/h) 
could be started and the patient observed for excessive seda-
tion (reduce dose) or behavioral cues of pain (increase dose). 
This may be necessary for intubated patients or patients 
treated in end-of-life care. Frequent assessments focusing on 
face and body language that may indicate pain are essential, 
particularly during the first 24  h following surgery [41]. 
However, most hospitals might require an intensive care set-
ting in order to provide a continuous infusion of opioid anal-
gesia which the patient’s condition may not warrant. It has 
also been shown that round the clock bolus dosing of intrave-
nous opioids can provide good pain control if the patient is 
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unable to use the PCA machine. This could be in the mode of 
“nurse-controlled analgesia,” and would probably be safer 
than the continuous infusion.

For patients in whom pain is difficult to control, it has 
been shown that optimum pain control with minimal side 
effects could be obtained using PCA with a combination 
solution of 1 mg/ml morphine and 1 mg/ml ketamine, with a 
lockout period of 8 min [117]. This takes advantage of the 
ability of ketamine to block NMDA receptors and enhance 
the opioid analgesic effect of morphine.

When venous access is problematic, the subcutaneous 
route can be used. The infraclavicular area is generally the 
best site when a continuous infusion, PCA, or both are used. 
A 27-gage butterfly needle is well tolerated and can be main-
tained for 3–5 days, after which the site must be rotated. When 
intermittent dosing is required, an insulin syringe is used to 
minimize trauma. Doses for subcutaneous administration are 
equal to intravenous doses, and hydromorphone is the agent 
of choice because of its high potency and lipid insolubility. It 
is best to avoid the intramuscular route because of erratic 
absorption and pain from the injection [41]. One must remem-
ber, however, that the subcutaneous tissue site can only 
accommodate <2 ml volume per hour and so solutions must 
be concentrated. Hydromorphone being more soluble and 
more potent than morphine is suitable for concentrating.

Initial opioid doses are much higher for patients on 
chronic opioid therapy. For these patients, the presurgical 
opioid dose must be converted to a continuous infusion, and 
the as-needed PCA dose should be set equal to the hourly 
infusion dose. When converting oral opioids to parenteral 
opioids refer to an opioid conversion chart (Table 26.4). A 
patient receiving 180 mg of oral morphine every 24 h prior to 
surgery, for example, should be started postoperatively on 
60 mg of morphine intravenously in 24 h (2.5 mg/h) and a 
PCA dose of 2.5 mg every 15 min. If the pain is severe, the 
continuous infusion rate should be increased. Patients on 
chronic opioid therapy have almost always developed toler-
ance to the respiratory suppressant and cognitive side effects 
of opioids, and so it is rare for these patients to develop these 
symptoms, even after receiving doses substantially higher 
than their baseline [41].

Oxycodone is not available for intravenous administration 
and so the oral dose must be converted to a morphine or 
hydromorphone equivalent to convert to an intravenous dose. 
Since oxycodone is about 1.5 times more potent than mor-
phine, 120  mg/day of oxycodone (extended-release oxy-
codone) would be equivalent to 180 mg/day of oral morphine 
or 60 mg/day of intravenous morphine [41]. This equivalency 
can then be used to set up a PCA of morphine or hydromor-
phone (15 mg/day hydromorphone = 60 mg/day morphine).

When patients are being prepared for discharge from the 
hospital after surgery, it will usually be necessary to convert 
from their current pain control regimen to an oral medication 

regimen. This conversion should be made prior to discharge 
and it is recommended that at least 24 h of observation be 
allowed so that an adequate oral regimen can be established 
and tested prior to discharge.

For example, for conversion from intravenous or oral 
morphine to a fentanyl transdermal patch, one only needs to 
remember that 60  mg/day of intravenous morphine or 
180 mg/day of oral morphine will equal a 100 mg/h transder-
mal fentanyl patch. As with all sustained-release opioids, 
this is for continuous pain that is opioid responsive. One still 
needs to consider breakthrough pain medications, fast onset, 
and short duration, for activity based pain. Since hydromor-
phone is about 4–5 times as potent as morphine, a similar 
conversion can be made from intravenous hydromorphone of 
15 mg/day to a 100 mg/h transdermal fentanyl patch. Once 
patients have been receiving intravenous opioid medication 
for several days, the equianalgesic relationship between 
intravenous and oral doses changes from 1–6 (IV to oral) to 
closer to 1–3.

In the elderly, although there is increased CNS sensitivity 
to opioids leading to enhanced sedation, analgesia, and side 
effects including delirium, the experience of pain tends to 
counteract the sedative and respiratory effects of opioids as 
evidenced by the low rate of respiratory depression noted in 
postoperative patients receiving parenteral, PCA, or epidural 
opioids [118]. As stated earlier, pain itself can aggravate 
delirium.

Table  26.4  Equianalgesic doses of common intravenous and oral 
opioids

Drug IV (mg) Oral (mg)

Morphine 10 30

Hydromorphone 
(Dilaudid®)

1.5 7.5

Methadonea 10 12

Fentanyl 0.1 (100 mg) N/Ab

Meperidine (Demerol®) 100 300

Codeine N/A 200

Oxycodone (Percodan®) 
(Percocet®)

N/A 20

Hydrocodone (Vicodin®) 
(Lorcet®)

N/A 30 (5 mg/tab Vicodin® with 
500 mg acetaminophen)

Notice that the oral equivalent for 10 mg of intravenous morphine is 
30 mg of oral hydrocodone. But when hydrocodone is combined with 
acetaminophen, the ratio is such that a toxic dose of acetaminophen 
would be taken with the hydrocodone. It is better to convert to a pure 
opioid agonist until such time that a reasonable dose of a combination 
medication can be given safely as shown in Table 26.3
a Not recommended for acute titration, ratio depends on the presence of 
prior opioid tolerance
b Oral transmucosal fentanyl is available in 200, 400, 800, and 1600 mg 
doses, and the transmucosal absorption depends on the duration of con-
tact with the mucosa but will maximize at about 25% of the total dose 
with the remainder being swallowed and subject to a small degree of 
gastric absorption. An effervescent lozenge is also available in similar 
doses with a reported absorption of about 50%
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Intraspinal Administration

Discovery of opioid receptors in the spinal cord provided a 
rationale for the administration of opioids into the epidural 
and subarachnoid spaces for the treatment of postoperative 
pain [119]. Reports have documented the efficacy and safety 
of this approach in a variety of patient populations [120–
125]. The subarachnoid route is useful intraoperatively as 
part of a spinal anesthetic providing up to 24 h of postopera-
tive analgesia after a single dose of morphine [126, 127]. For 
postoperative pain and acute pain in general, the epidural 
route is highly effective, especially if a combination of opi-
oid plus local anesthetic is used [128]. When epidural anal-
gesia was compared with parenteral opioid analgesia in a 
randomized study of high-risk surgical patients, epidural 
anesthesia was associated with significantly less postsurgical 
mortality and morbidity [128]. The epidural route is used for 
continuous infusion with or without patient-controlled epi-
dural analgesia (PCEA). PCEA reduces analgesic require-
ments compared with continuous epidural infusion after 
major abdominal surgery [129].

When choosing the opioid for epidural infusion, it is 
important to consider the lipid solubility of the drug. Lipid-
soluble drugs (fentanyl and sufentanil) are absorbed rapidly, 
resulting in a fast onset of analgesia [126, 127]. In addition, 
lipid-soluble agents concentrate at the spinal level where the 
tip of the epidural catheter is positioned. Thus, the tip of the 
catheter should be positioned, if possible, at the segmental 
level of the surgery.

Hydrophilic drugs (e.g., morphine) have a slower absorp-
tion rate and, upon entering the cerebrospinal fluid (CSF), 
have more rostral distribution. Morphine can cause more 
sedation and respiratory depression than fentanyl because of 
its ability to reach brain stem centers after penetrating the 
dura into the CSF [126, 127]. Fentanyl, on the other hand, 
tends to be sequestered in the fat tissue of the epidural space 
and absorbed rapidly by the vascular structures in the epidu-
ral space and reaches systemic plasma levels within 2 h of 
commencing an epidural infusion that would equal the same 
infusion rate given intravenously [130, 131]. Care must 
therefore be taken with fentanyl during the initial phases of 
the infusion, whereas the respiratory depressive effects of 
morphine or hydromorphone tend to be more delayed if they 
are to occur, and are the result of rostral spread of the opioid 
once it has diffused into the CSF rather than systemic absorp-
tion [126, 127].

For example, an epidural infusion of a solution containing 
0.1 mg/ml of morphine at a rate of 10 ml/h would infuse a 
total of 2.4 mg of morphine in 24 h. Systemic absorption of 
this amount of morphine over 24  h would hardly produce 
respiratory depression in a postsurgical patient. Fentanyl on 
the other hand with a solution of 5 mg/ml infused epidurally 

at a rate of 10 ml/h, would provide 50 mg/h epidurally to be 
potentially absorbed systemically. Since fentanyl is 100 
times more potent than morphine, this would be equivalent 
to 5 mg/h of intravenous morphine. This is a significant dose 
of morphine if given intravenously.

Various combinations of opioid and local anesthetic can 
be used to meet the needs of individual patients. Local anes-
thetic side effects include orthostatic hypotension, numb-
ness/weakness, and urinary retention. Opioid side effects 
include sedation, urinary retention, and pruritis [132].

The local anesthetic/opioid ratio is adjusted based on the 
type and severity of side effects that develop. Complications 
of epidural infusions include accidental subarachnoid punc-
ture with postdural puncture headache (generally benign and 
self-limiting), epidural hematoma, and epidural abscess. 
Side effects and complications are minimal if the catheters 
are inserted and monitored by those experienced with the 
technique [41].

For frail, elderly patients undergoing painful procedures 
(thoracotomy, extensive abdominal and pelvic surgery) and 
particularly for those with cognitive impairment, the epidu-
ral route is probably the best option for pain management 
because of its better analgesic efficacy/side effect profile 
(sedation/delirium, constipation, and postoperative compli-
cations) [133, 134].

Elderly patients undergo a high number of surgical inter-
ventions. The importance of adequate postoperative analge-
sia for reducing morbidity and mortality in the elderly is 
undisputed [33]. Epidural analgesia and I.V. PCA are both 
excellent postoperative techniques. Physicians are often 
reluctant to use PCA in older patients [135, 136]. However 
PCA was found to be effective in this population with the 
caveat that the patient is physically and mentally able to 
operate the machine [17].

Regional anesthetic techniques are excellent for the 
elderly. Although a fair amount of research has been pub-
lished, data proving long-term benefit are lacking [33]. In a 
study of elderly patients following abdominal surgery, I.V. 
PCA versus PCEA, the I.V. PCA group had general anesthe-
sia with sufentanil, isoflurane, nitrous oxide, and atracurium 
for muscle relaxation. Postoperative analgesic loading with 
5  mg morphine intravenously was followed by morphine 
PCA of 1.5 mg, with a lockout of 8 min. The epidural group 
had a T7–T11 catheter placed, depending on surgery level, 
which was activated with 2% lidocaine with epinephrine 
5 mg/ml, dosed to a T4 sensory level prior to the induction of 
general anesthesia. A solution of 0.25% bupivacaine plus 
1 mg/ml sufentanil was infused continuously throughout the 
surgery and continued postoperatively with a solution of 
0.125% bupivacaine plus 0.5 mg/ml sufenta at 3–5 ml/h with 
2–3  ml PCEA bolus and a lockout of 12  min [133]. The 
authors concluded that PCEA with local anesthetic and opi-
oid provided better pain control, improved mental status, and 
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better bowel function return than did traditional IV PCA 
morphine after general anesthesia. Orthostatic and mobility 
deficits were not a problem with the PCEA adjustments.

Carli et al. in a study of 64 patients for elective colon sur-
gery randomized to an IV PCA group or epidural group 
found that epidural analgesia enhanced functional exercise 
capacity and health-related quality of life indicators after 
colonic surgery [134]. In this study, the PCA group had anes-
thetics consisting of 250 mg fentanyl, adjusted isoflurane, 
nitrous oxide, oxygen, and followed postoperatively with a 
PCA of morphine with no basal rate but a dose of 1–2 mg 
q5min. It was discontinued on day 3–4 if the verbal analog 
score was less than 3/10. The epidural group had T8–T9 
catheters placed preoperatively and activated with 15–20 ml 
0.5% bupivacaine to a sensory level of T4. General anesthe-
sia was then induced and maintained with 100 mg fentanyl, 
maintenance 0.4% end tidal isoflurane, nitrous oxide, oxy-
gen, and bolus doses of 5 ml 0.5% bupivacaine epidurally. 
Postoperatively, the epidural infusion was 4–15 ml/h of 0.1% 
bupivacaine and 2 mg/ml fentanyl and continued for 4 days.

The results indicated that the epidural group had improved 
outcomes for pain control, mobilization, gastrointestinal 
motility, and intake of protein and calories. This may be a 
function more of the local anesthetic, facilitating bowel func-
tion, thereby causing less nausea, and more willingness to 
eat. Decreased pain can also result in the same benefits, not 
just at rest but also with mobility, and less pain may amelio-
rate insulin sensitivity, hypercatabolism, and maintain mus-
cle protein better. These benefits seemed to carry out to 6 
weeks in the study of health-related quality of life indicators, 
leaving little doubt that epidural analgesia is even better than 
systemic opioids in the elderly [134].

Concomitant use of the epidural and parenteral routes is not 
recommended because (1) it makes titration of drugs overly 
complicated and (2) it becomes difficult to determine the ori-
gin of side effects if they develop. Generally, it is not advisable 
to maintain an epidural catheter for more than 8 days even if 
the site of insertion is without evidence of inflammation or 
infection. The source of epidural infection from continuous 
catheters is not well known but skin flora is considered the 
primary source [137]. If the epidural route is still needed, the 
catheter can be replaced with a new one at the segmental level 
above or below the insertion of the old catheter.

Pruritis is a common side effect of morphine administered 
either parenterally (intravenous or intramuscular) or spinally 
(intrathecal or epidural) [138]. However, the mechanisms and 
therefore effective treatments are different. Parenteral mor-
phine results in histamine release in a dose-dependent manner 
and can be treated with antihistamines such as promethazine 
or dyhenhydramine. This pruritis is not ameliorated by nalox-
one and so is not Mu opioid receptor mediated [138].

Epidural or intrathecal morphine also produces pruritis 
which is through a central stimulating effect mediated 

through the mu opioid receptor. It is treated most effectively 
not with antihistamines but with a naloxone infusion at a low 
enough dose to ameliorate the pruritis without reversing the 
analgesic effect [138].

An additional benefit of spinal anesthesia has been sug-
gested, although not yet proven. The perioperative period is 
characterized by a state of immunosuppression, which was 
shown in animal studies to underlie the promotion of tumor 
metastasis by surgery [139]. Bar-Yosef and his associates 
demonstrated that spinal anesthesia when added to general 
anesthesia reduced tumor recurrence in an animal model. 
They propone that as the immunosuppression of surgery is 
partly ascribed to the neuroendocrine stress response, it is 
hypothesized that spinal blockade, known to attenuate this 
response, may reduce the tumor-promoting effect of surgery. 
They therefore conclude that the addition of spinal block in 
their model had an advantage over the use of general anes-
thesia alone, and they suggest that it acts by reducing the 
neuroendocrine response to surgery [139].

These authors further state that since in clinical practice, 
an epidural block can be carried over into the postoperative 
period, it is reasonable to assume, but certainly proof is 
needed, that the favorable effect of prolonged epidural block 
on immune function and tumor metastasis will exceed the 
effect they found using short-term spinal block. This study 
provides the first experimental evidence that regional anes-
thesia may reduce postoperative metastatic development 
[139]. Controlled clinical studies are necessary to confirm 
this result in humans

Peripheral Nerve Block Analgesia

While epidural analgesia has been the gold standard for post-
surgical analgesia for many years, the disadvantages of bilat-
eral blockade when local anesthetics are employed, pruritis 
and nausea from spinal opioids, hypotension from local 
anesthetics, and the necessity for a Foley catheter have 
spurred interest and utilization of peripheral nerve blocks 
including continuous catheter techniques. With these tech-
niques, unilateral blockade is possible using local anesthetic 
infusions without the addition of opioids to the infusions. 
However, patients will still need reduced doses of supple-
mental opioids as explained below.

With the interscalene technique, blockade of the shoulder 
is possible. The upper extremities below the shoulder are eas-
ily blocked with supraclavicular or infraclavicular techniques. 
And the lower extremities including the hips can be blocked 
with a combination of sciatic with lumbar plexus or the so-
called 3-in-1 femoral block. The use of ultrasound needle 
guidance in addition to nerve stimulation techniques has 
made these procedures more accurate and less risky [140].
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Thoracotomy pain can be blocked with paravertebral 
catheters, as can the pain from mastectomy surgery. Of sig-
nificance is that in a recent report woman undergoing mas-
tectomy for tumor removal had one-fourth the risk of 
metastatic recurrence when surgery was performed with a 
continuous paravertebral catheter. The catheter was placed at 
T2-3 through which a bolus of local anesthetic was given 
followed by a continuous infusion of local anesthetic. These 
patients also received general anesthesia with intravenous 
propofol. This group of patients was compared with a group 
that received general anesthesia alone [141]. The general 
anesthesia group had sevoflurane, fentanyl, and morphine 
with a postoperative morphine PCA. The paravertebral cath-
eters were removed after 2 days.

Surgery and tissue injury cause the release of prostaglan-
dins, histamine, potassium, hydrogen, oxygen radicals, bra-
dykinins, substance P, and multiple cytokines involved in 
chemotaxis [141]. Vallejo also states that some opioids such 
as heroin inhibit the induction of nitric oxide, a molecule 
with a critical role in the regulation of immune response and 
resistance to infection challenges. Therefore, the above study 
supports that regional anesthesia may not only reduce the 
stress response associated with surgery, but also avoid anes-
thetic agents that may directly affect the immune response 
during the perioperative period, creating a friendlier cytokine 
environment. It is therefore important that regional anes-
thetic techniques be employed in a preemptive manor in 
tumor surgery instead of solely for postoperative pain 
management.

These blocks allow for unilateral analgesia, facilitating 
movement, and rehabilitation without the necessity of a 
Foley catheter. In addition, patients can safely be sent home 
with continuous catheters and infusions of local anesthetic, 
pulling the catheters out themselves when the disposable 
pumps are empty [142].

Just as postoperative epidural analgesia requires the par-
ticipation of the anesthesiology department of the hospital, 
so does a peripheral nerve block service. Such a service is 
predicated upon the anesthesiology department having the 
expertise and personnel to oversee such a service.

Unfortunately, unlike epidural analgesia which can in fact 
provide complete analgesia without the need for supplemen-
tal intravenous or oral opioid analgesia (since opioids are 
administered spinally), peripheral nerve blockade cannot be 
used to completely eliminate the need for supplement opioid 
analgesics. In order to have complete analgesia, the local 
anesthetic dose would have to be high enough for a complete 
sensory blockade which is undesirable. The technique is 
designed instead to provide adequate analgesia that patients 
can be discharged from the same day of surgery to home, or 
remain in the hospital with the need for only oral opioid and 
anti-inflammatory analgesic supplementation. Decreasing 
the opioid analgesic requirements can result in reduced side 

effects such as nausea and constipation. Patient satisfaction 
is high with these techniques, and the incidence of complica-
tions is relatively low [143, 144].

In some orthopedic surgeries, bone graft may be harvested 
from the iliac crest. This can cause severe pain, which extends 
far out from the surgical procedure, and can become a chronic 
problem. It has been shown that the injection of morphine 
percutaneously into the prospective donor site can produce 
both immediate postoperative pain relief and long-term ben-
efit [145, 146].

Although the mechanism of the long-term benefit of this 
technique is not known, there are at least three nerves that 
can be injured or entrapped in scar tissue at the donor site, 
the lateral femoral cutaneous nerve, the ilioinguinal nerve 
(retraction), or the superior cluneal nerves. It is possible that 
morphine inhibits sensitization of the nerve fibers. This 
author uses 10 ml of 1% ropivacaine with 2.5–3 mg of mor-
phine injected by the surgeon along the iliac crest percutane-
ously prior to skin incision for the bone graft harvest.

Multimodal Techniques for Acute 
Postoperative Pain Management  
in the Elderly

Because patients rarely present with pure nociceptive pain 
(i.e., pain caused by activity in the neural pathways in 
response to damaging or potentially damaging stimuli) or 
neuropathic pain (i.e., pain initiated by a primary lesion or 
dysfunction in the nervous system), but rather, have a mixed 
pain syndrome (i.e., pain caused by a combination of both 
the primary injury and secondary effects), a rational polyp-
harmacy approach that targets key peripheral and central 
pain mechanisms and modulating pathways may yield the 
best outcomes [147].

Oral Administration

Once pain is controlled and bowel function restored, analge-
sics should be changed to the oral route. Depending on indi-
vidual variability and the type of surgery, this transition 
should occur 3–8 days after the surgery. Occasionally patients 
require parenteral or epidural opioids for a more prolonged 
period, usually because of intervening complications. 
Typically, patients require oral opioids for 5–10 days after 
parenteral or epidural opioids are discontinued. A certain 
percentage of patients, especially after more painful surger-
ies, require oral opioids for 2 weeks or longer [41].

Oral analgesics such as oxycodone or codeine are appro-
priate choices for a patient with mild-to-moderate pain [148]. 
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Fixed combinations with nonopioid analgesics can be useful, 
but they sometimes limit the careful individualized titration 
that is the basis of therapeutic success. The oral transmu-
cosal route may prove effective for rescue doses, but absorp-
tion is probably inadequate for more sustained relief. This 
latter statement also holds for the rectal route, which, addi-
tionally, is often uncomfortable for the patient and the 
caregiver.

One example of the difficulty with combination medica-
tions is conversion from intravenous PCA to oral. As seen in 
Table 26.4, the oral equivalent of hydrocodone to 10 mg of 
intravenous morphine is 30 mg. The usual combination of 
hydrocodone with acetaminophen is 5 and 500 mg, respec-
tively. Therefore, six tablets of this combination drug would 
be necessary to equal 10 mg of intravenous morphine.

In patients suffering from continuous cancer pain, Foley 
recommended that the opioid analgesic should be adminis-
tered regularly, including waking the patient from sleep at 
intervals based on the duration of analgesia for the given drug. 
This approach keeps the patient’s pain at tolerable levels and 
often results in a reduction in the total amount of medication 
taken during a 24-h period [149]. In elderly patients with 
acute postsurgical pain, disrupting sleep to provide pain med-
ication on a time contingent basis may be more detrimental 
than helpful. When the pain is present only during particular 
activities (e.g., physical therapy) or at particular times of the 
day, the opioid should be administered on an as-needed basis. 
It must be remembered that it takes approximately 1 h to reach 
peak serum levels after oral administration.

Special Circumstances

Some surgical procedures are associated with a higher risk of 
postoperative pain syndromes such as phantom limb pain 
syndrome after amputation. Regional anesthetic techniques 
offer the greatest protection; however, some patients either 
decline to have a regional blockade or the blocks are con-
traindicated for various reasons, and general anesthesia must 
be administered. General anesthetics alone do not protect the 
spinal cord from undergoing central sensitization leading to 
chronic neuropathic pain [150, 151]. But a polypharmaceuti-
cal approach, although not proven yet, seems to offer an 
advantage over traditional anesthetic and postoperative man-
agement techniques.

The following recommendations for the example of phan-
tom limb pain prevention with amputation surgery are based 
on this author’s experience, supported by the available evi-
denced-based medicine, which although limited in this regard, 
aims to target polypharmacy in such a way to help the brain 
modulate neuropathic pain [152]. The recommendations 
given below for this presented scenario of an amputation 

without the benefit of regional anesthesia is similar to the 
multimodal polypharmaceutical therapeutic recommenda-
tions of power, in which he reviews the uses of both opioid 
and nonopioid analgesics, anticonvulsants, and antidepres-
sants in postoperative pain management [62].

As indicated above, in this author’s experience, agents 
that have NMDA receptor blocking action like ketamine 
[153, 154], drugs with Mu opioid agonist action, tetrodo-
toxin resistance (TTXr) sodium channel blockers such as the 
local anesthetics, serotonin and norepinephrine reuptake 
inhibitors such as antidepressants [155–157], and neuronal 
calcium channel blockers such as the anticonvulsants gabap-
entin or pregabalin [158–163], and anti-inflammatory drugs 
if not contraindicated (see above), can all contribute to CNS 
protection. In such a case, preoperative oral gabapentin 
(Neurontin®) 300–1,200  mg [158–167] or pregabalin 
(Lyrica®) 75–150  mg, and if available a COX-2 inhibitor 
celecoxib (Celebrex®) 200 mg, can also be given orally which 
would alleviate the need for intraoperative ketorolac. It is 
true that COX-2 inhibitors are controversial with respect to 
patients at risk for stroke or myocardial infarction which 
makes up a large percentage of the elderly population. But 
there does not seem to be evidence that a single preoperative 
dose of 200 mg of celecoxib would pose a significant risk 
versus the benefit of preemptive analgesia [168].

Glucocorticoids given both preoperatively or postopera-
tively have been shown to reduce postoperative nausea and 
vomiting, and to decrease pain [169, 170]. Less than 8 mg of 
dexamethasone or 150 mg of methyprenisolone intravenously 
seem to be adequate.

Preoperative oral administration of clonidine, an a
2
-ago-

nist, reduces postoperative analgesic requirement as deter-
mined by IV morphine utilization via PCA after knee surgery 
[171], but not after major abdominal surgery [172]; whereas 
analgesia from intrathecally administered morphine was 
enhanced by oral clonidine premedication after total abdom-
inal hysterectomy [173].

The recommended dose of gabapentin should be reduced 
from that given in the above references when dealing with 
the elderly population. Again this is an empiric decision of 
the author since the preoperative dose that would be appro-
priate in elderly patients has not been determined. But gaba-
pentin and pregabalin have both been used in patients of all 
ages for the treatment of such conditions as postherpetic neu-
ralgia [174]. Gabapentin in a dose of 600 mg preoperatively 
has also been found to decrease the incidence of nausea and 
vomiting and reduce the postoperative opioid requirements 
in a study of laparoscopic cholecystectomy patients [175].

Intraoperatively, the anesthesiologist (again in this author’s 
experience) can administer several adjuvants that will also 
assist in protecting the spinal cord from excessive nociceptive 
input. Methadone would be a good choice for an opioid 
because of its NMDA receptor antagonist effect but it is often 
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unavailable and its slow onset of action is not suitable for 
intraoperative administration. Fentanyl would therefore be a 
logical choice since it is potent and more easily titrated due to 
its rapid onset of action when administered intravenously.

Although the data are not conclusive there is data to show 
that magnesium amplifies the analgesic effects of low-dose 
morphine in conditions of sustained pain [176]. Lysakowski 
et al., in a meta-analysis study of magnesium, concluded that 
the trials reviewed did not provide “convincing” evidence 
that perioperative magnesium has a favorable effect on post-
operative pain intensity and analgesic requirements. 
Nevertheless, it may be worthwhile to further study the role 
of magnesium as a supplement to postoperative analgesia, 
since this molecule is inexpensive, relatively harmless, and 
the biological basis for its potential antinociceptive effect is 
promising [177]. There is a possibility that magnesium might 
have an additive or even synergistic effect with other NMDA 
antagonists, specifically ketamine although the optimum 
dose is not established [178, 179].

Considering the good tolerability of magnesium, these 
findings may have clinical application in neuropathic and 
persistent pain. Again the appropriate dose of magnesium is 
not known, but 30  mg/kg IV intraoperative administered 
prior to skin incision seems to be safe even in the elderly 
population. In combination with low-dose gabapentin, sig-
nificant improvement in the effectiveness of morphine is 
observed in a rat model of nerve ligation neuropathic pain 
[166]. Referring to the above-stated preoperative dosing of 
gabapentin, the two should enhance the protective analgesic 
effect of the opioid used.

Low subanesthetic doses of ketamine (0.10–0.2 mg/kg IV 
intraoperative preincision) can be used for as part of the 
intravenous induction, and repeat doses q2h intraoperative 
can provide additional inhibition of activation of spinal cord 

NMDA receptors. Midazolam preinduction can reduce anxi-
ety and also has an antagonist site on the NMDA receptor. As 
previously stated, if the patient is unable to take a COX-2 
inhibitor (celecoxib), then ketorolac 7.5–15  mg should be 
given prior to amputation intraoperatively and continued q6h 
intravenously for 48 h. Lidocaine 1.5 mg/kg IV at the time of 
skin incision and repeated during the amputation as a general 
sodium channel blocker can all be helpful.

Postoperatively, the antineuropathic regimen should be 
continued until the wound (stump) has healed in terms of 
continued gabapentin or pregabalin (100–300  mg tid or 
50  mg tid, respectively) along with an appropriate opioid, 
anti-inflammatory, and antidepressant (for serotonin and 
norepinephrine reuptake inhibition action).

Antidepressants that have been used in pain management 
are listed below (Table 26.5) along with starting doses and 
tolerability [147]. In summary, amitriptyline is probably the 
most studied in pain management and its efficacy is well 
established. Of the newest antidepressants that have been 
studied in pain management, duloxetine (a non-Tricyclic) is 
well tolerated with a fast onset of effect after the initiation of 
treatment [147].

Addiction, Dependence, Tolerance,  
and Pseudoaddiction

The fear of addiction or psychological dependence is one of 
the major barriers to the appropriate management of pain in 
the USA. Psychological dependence is the development of 
drug-seeking behavior that persists despite harm to the 
patient or others. Such drug-seeking behavior includes the 
hoarding of medication, use of medication for purposes other 

Table 26.5  Antidepressants in clinical practice (Tricyclic antidepressants)

Anticholinergic effects (sedation) Dose range Tolerability

Tricyclics
Amitriptyline (Elavil®) Least effect 10–25 mg qhs

Desipramine (Norpramin®) Least effect 10–25 mg qhs Best

Doxipin (Sinequan®) Most effect Most sedating

Imipramine (Tofranil®) Intermediate 10–25 mg/day Best

Nortriptyline (Pamelor®) Intermediate 10–25 mg/day Best

Non-Tricyclics
Venlafaxine (Effexor®) ³150 mg/day

Duloxetine (Cymbalta®) 30–120 mg/day Best

Bupropion (Wellbutrin®SR) 150–300 mg/day

Trazadone (Deseryl®) Sleep aid in women 50–300 mg/day Risk of priapism in men
Note: Dosages are low adjusted for the elderly patient. The antidepressants that are effective in pain management are those that have both serotonin 
and norepinephrine reuptake inhibition effects. The Tricyclic antidepressants all have these effects but their side effect profiles determine the toler-
ability of these drugs particularly by elderly patients, e.g., anticholinergic effects, sedation. The non-Tricyclic antidepressants that are effective in 
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than control of pain, and obtaining opioids from multiple 
sources. It is important to distinguish true psychological 
dependence from “pseudoaddiction” [180], which can 
develop in patients who are undermedicated for their level of 
pain. Pseudoaddiction is drug-seeking behavior motivated 
by a need to obtain enough analgesia to control pain. When 
pain is appropriately managed and adequate analgesia pro-
vided, the behavior disappears. Although further research is 
needed, it appears that the incidence of psychological addic-
tion in patients without a history of substance abuse and 
treated with opioids for control of pain is rare [69]. Fear of 
addiction should never limit the use of opioids for pain con-
trol in the elderly patient who has no history of substance 
abuse [41].

Conclusion

As aptly stated by Morrison, Carney, and Manfredi, in the first 
edition of this book, “good pain management in the elderly 
surgical patient is a complex, challenging undertaking of criti-
cal importance. Ensuring adequate analgesia requires an 
understanding of age-related changes in pharmacokinetics 
and pharmacodynamics, pain physiology, the appropriate use 
of analgesic agents, and knowledge of these agents’ limita-
tions and side effects. Unfortunately, few studies have focused 
on the assessment and treatment of pain in elderly individuals, 
and guidelines for analgesic therapy are often based on the 
experiences of young and middle-aged adults. Further research 
involving pain in the elderly is critically needed given the 
evolving changes in population demographics (persons over 

65 represent the most rapidly growing segment of the US 
population) and the increasing rates of surgery in this popula-
tion. Until such research is completed, clinicians must con-
tinue to interpret the available data in the context of their 
knowledge of age-related physiologic changes, medication 
effects, side effect profiles, and clinical experience. This 
approach is summarized in Table 26.6 and results in appropri-
ate pain management for most elderly surgical patients” [41]. 
The increased use of regional and peripheral nerve block tech-
niques holds much promise for acute postsurgical pain man-
agement in the elderly population, as does our increasing 
knowledge of the pathophysiological mechanisms of pain 
translating into advances in the polypharmaceutical multi-
modal approach to pain management.
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On January 1, 2011, the first of the Baby Boomers will turn 
65 years old. And so will begin the largest increase in the 
number of older adults ever seen. To put this in perspective, 
in the entire history of mankind, two-thirds of all people who 
have ever lived to the age of 65 are alive today [1]. Advances 
in pharmacotherapy are partially responsible for this unprec-
edented increase in longevity and will play a central role in 
reducing morbidity and mortality in this aging cohort. 
However, when it comes to older adults, medications are 
often improperly dosed, overprescribed, and poorly moni-
tored for signs of toxicity. Furthermore, changes in pharma-
cokinetics associated with aging leave little room for error. 
Surgeons operating on elderly patients should preoperatively 

identify potential medication-related problems (MRPs) that 
can result in postoperative complications. This chapter 
reviews some of the factors that contribute to MRPs in the 
elderly, general approaches to prescribing, signs and symp-
toms to monitor, and highlights of certain drug categories 
that are commonly used or have substantial potential to cause 
side effects in older adults.

Biology of Aging

After the age of 30, it is all downhill (Table 27.1). All organ 
systems decline in function to some extent with advancing 
age, but they decline at varying rates, and independent of each 
other. In the absence of disease, these declines are not suffi-
cient to impair daily function [2, 3]. However, the overall 
reserve capacity of an organ system diminishes with age. Thus, 
the ability to withstand even a minor insult is decreased, and 

Examples of age-related physiologic changes affecting drug pharmacokinetics

Physiologic change
Direction  
of change Drugs affected by this change Result of change

Serum albumin ↓ Phenytoin, naproxen, valproate,  
and warfarin

Increased free (active) fraction of drug; 
increased effects

a
1
-Acid glycoprotein ↑ Propranolol, antidepressants, lidocaine, 

methadone, and quinidine
Decreased free (active) fraction of drug; 

decreased effects

Body fat ↑ Fat-soluble drugs (e.g., benzodiazepines) Increased volume of distribution; 
increased half-life and potential for 
accumulation

Lean muscle mass ↓ Digoxin Decreased volume of distribution; 
increased concentration; lower 
loading dose is needed

Body water ↓ Water-soluble drugs (e.g., lithium) Decreased volume of distribution; 
increased concentration and effects

Hepatic blood flow ↓ High-hepatic extraction ratio drugs  
(e.g., morphine, meperidine, lidocaine,  
and isosorbide)

Decreased first-pass metabolism; 
increased effects

Hepatic metabolism (phase 1: reduction, 
oxidation, hydroxylation, and 
demethylation)

↓ Diazepam, alprazolam, triazolam,  
theophylline, quinidine, propranolol, 
phenytoin, and imipramine

Decreased metabolism; increased 
half-life and concentration

Renal function ↓ Aminoglycosides, digoxin, ciprofloxacin,  
and allopurinol

Decreased clearance; increased effects, 
toxicity, or both
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recovery may be delayed. Appreciating medication-related 
factors that affect an organ system’s reserve capacity is an 
imperfect science. The principles of pharmacokinetics help 
frame an understanding of how physiologic changes with 
aging affect medications [4]. Understanding pharmacokinetic 
changes associated with aging can help surgeons better antici-
pate MRPs. Pharmacokinetics is defined as the delivery of a 
drug to its site of action. This includes drug absorption, distri-
bution, metabolism, and excretion. These changes are reviewed 
here in general terms to provide a background for the discus-
sion of individual drug classes [5].

Drug Absorption

The amount of oral drug absorption (bioavailability) is depen-
dent on many factors not related to age, including the pres-
ence of food, drug ionization, and dosage formulation [6]. 
Absorption can occur anywhere along the gastrointestinal 
tract. Oral drug absorption can also include buccal absorption 
of orally disintegrating tablets (ODT) specifically designed 
for patients unable to swallow. Some formulations are spe-
cifically designed to release medication in response to 
changes in intestinal pH or osmolality. In general, older adults 
tend to have a slight increase in gastric pH. This increase is 
unlikely to result in altered drug absorption [6, 7]. Achlorhydria 
was once thought to be a consequence of aging. However, the 

identification and treatment of indolent Helicobacter pylori 
infections has diminished achlorhydria as a concern.

Older adults tend to experience two alterations that can 
lead to clinically significant changes in the rate of oral drug 
absorption. First, changes in gastrointestinal blood flow may 
reduce portal circulation and delay gastric absorption. For 
example, these changes can be seen in some heart failure or 
cirrhosis patients with substantial hepatic congestion. And 
second, decreased gastric emptying, resulting from condi-
tions such as Parkinson’s disease or diabetes, may also delay 
the rate of absorption, but not the extent of drug absorbed 
[7, 8]. Unless therapeutic failure is observed, no changes in 
dosing are required to overcome delays in gastric absorption.

Oral bioavailability can be substantially altered in the 
presence of food, so called drug–food interactions. For exam-
ple, patients who receive calcium supplementation while tak-
ing quinolones have a 50% reduction in the absorption of the 
quinolone due to chelation with calcium. The authors recom-
mend discontinuing most calcium supplementation during 
the postoperative period to prevent potential chelation inter-
actions with antibiotics. Bisphosphonate bioavailability is 
exceedingly low when taken with anything other than water. 
Levodopa absorption is substantially decreased when con-
sumed with a high-protein meal [9]. In addition, certain foods 
can substantially alter drug levels and actions. Patients on 
warfarin who alter their intake of vitamin K-containing foods 
risk changes in their international normalized ratio (INR). 
Consumption of grapefruit irreversibly inhibits intestinal 
CYP-450 3A4 isoenzyme activity. This results in presystemic 
decreases in metabolism leading to increases in therapeutic 
concentrations that can last for up to 72 h. In summary, the 
rate of absorption may be delayed with aging, but the overall 
extent of absorption is unlikely to be altered.

Limited information is available about topical drug 
absorption changes as a result of aging. Topical administra-
tion is gaining popularity as a way to minimize first-pass 
metabolism, improve medication adherence, and provide 
more continuous therapeutic drug concentrations. For exam-
ple, postoperative pain control may include the use of fenta-
nyl or lidocaine patches. In general, decreases in skin 
thickness and integrity may alter drug absorption and subse-
quently peak concentrations. When comparing healthy young 
volunteers with healthy elderly volunteers receiving trans-
dermal fentanyl patches, the older patients demonstrated 
higher systemic concentrations of fentanyl and correspond-
ingly greater adverse effects resulting in drug discontinua-
tion [10]. An additional concern when administering 
medications in patch form is the ability to safely remove the 
patch without damaging the underlying skin. Finally, all 
patches utilize adhesives that can cause localized skin irrita-
tion. The use of presurgical skin disinfectants and body prep-
arations may contribute to heightened skin sensitivity to 
patch adhesives.

Table 27.1  Pharmacokinetic changes with aging

Absorption Extent not affected
Rate is reduced or unaltered
Increased gastric pH
Unchanged passive diffusion
Decreased active transport
Decreased first-pass effect
Decreased GI blood flow with certain diseases (e.g., HF)

Distribution Decreased total body water
Decreased lean body mass
Decreased serum albumin
Increased body fat
Increased or decreased free fraction of highly plasma 

protein-bound drugs
Higher concentration of water-soluble drugs

Metabolism Decreased liver blood flow
Decreased liver size
Decreased enzymatic activity
Variable decreased and increased t

1/2
 for  

phase I oxidation drugs
Decreased clearance and increased t

1/2
 of drugs with 

high-extraction ratio

Excretion Decreased GFR
Decreased renal blood flow
Decreased tubular function
Decreased clearance and increased t

1/2
 for drugs 

eliminated primarily by the kidneys
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Distribution

The distribution of drugs is altered by the aging process. Total 
body and intracellular water decrease, as does muscle mass, 
whereas body fat increases [2, 3]. These changes have impor-
tant implications for drug distribution that can affect both the 
half-life of a compound and the concentration of the drug in 
various tissues (e.g., lipophilic versus hydrophilic saturation). 
Water-soluble drugs tend to have an increased level per unit 
dose because of the decreased total body and intracellular 
water described above. Similarly, the volume of distribution 
for lipid-soluble drugs tends to be higher because of increased 
fat stores, resulting in prolonged and less predictable half-
lives. Changes in protein binding can also alter receptor site 
activity. When medications exhibit substantial protein binding 
(generally >90%), the potential for protein-binding interac-
tions due to changes in serum albumin becomes more pro-
nounced. For example, in the case of low albumin levels, the 
relative proportion of free or unbound drug may be increased, 
enhancing the pharmacologic and toxic properties of the drug. 
To further illustrate this point, consider the highly protein 
bound drug phenytoin. By convention, when ordering pheny-
toin levels what is typically reported is the total drug level 
[11]. In the setting of low albumin, however, the free drug 
concentration may be high, resulting in toxicity despite a total 
level in the therapeutic range. In contrast, the carrier protein 
a

1
-acid glycoprotein may increase with age, as it does with 

illness, so drugs that bind to this protein may have a lower 
proportion unbound; an example is propranolol [12]. Another 
caveat with drug levels is that normal ranges are often estab-
lished on young persons, therefore targeting lower therapeutic 
drug levels may minimize the risk of toxicity. The important 
exception to this approach is for antibiotic therapy where spe-
cific minimum inhibitory concentrations (MIC) are specified. 
Finally, some evidence suggests that conformational changes 
in the ability of albumin to bind drugs increase as one ages 
[11]. Therefore, despite a normal albumin level, the affinity of 
albumin to bind to medications may be reduced.

Metabolism

First-pass metabolism and high-hepatic extraction ratio drugs, 
liver size, and blood flow tend to decrease with age by 20–30%. 
Drugs that depend on extensive first-pass metabolism may 
have higher therapeutic levels resulting from decreased 
hepatic metabolism [9, 13, 14]. Pertinent to a surgeon, it is 
estimated that morphine exhibits a 33% reduction in clear-
ance in the elderly as a result of decreased first-pass metabo-
lism [14]. Therefore, the effects of morphine may last longer 
in the elderly. However, this does not constitute a reason to 
avoid morphine in older patients. Drugs that have high-hepatic 

extraction ratios also exhibit decreased metabolism and poten-
tially increased therapeutic concentrations. Atorvastatin is a 
high-hepatic extraction ratio drug with increased serum con-
centration (40%) and area under the concentration curve 
(30%) [14]. Therefore, closer attention to liver function tests 
and potential dose reduction may be warranted. Similar find-
ings occur with simvastatin and lovastatin.

Pharmacogenomics and the Cytochrome P450 
Enzymes

Drug metabolism can be affected by diet, smoking, enzyme 
induction or inhibition, and alcohol intake [4, 14, 15]. 
Polymorphisms in the drug-metabolizing enzymes influence 
drug safety and efficacy. Pharmacogenomics refers to the 
influence of genes in determining drug metabolism, safety, 
and efficacy. As most drugs are metabolized by the liver and 
involve one or more enzymatic pathways, the ability to pre-
screen a patient for potential genetic variants that affect drug 
response has clinical utility. Individualizing medication ther-
apy based on a patient’s specific metabolic genotype now 
exists for some medications. For example, the FDA approved 
genetic testing for warfarin in 2007. Completion of the 
Human Genome Project has helped accelerate the discovery 
of genetic variations affecting treatment response.

Appreciating potential changes in drug metabolism with 
aging and the influence of genetic factors that alter metabolic 
functions is central to the field of pharmacogenomics. For 
example, genetic polymorphism and changes in hepatic 
blood flow can explain interpatient variability to medications 
commonly used in the surgical intensive care unit [15]. The 
use of codeine in patients deficient in CYP2D6 results in 
poor conversion of codeine to morphine (the active metabo-
lite) [14, 15]. Therefore, switching to an equianalgesic dose 
of morphine based on the failed codeine regimen can result 
in drug toxicity.

Conventional wisdom was that metabolism through the 
cytochrome (CYP) P450 system was impaired with aging. 
While some drugs metabolized via pathways involving 
microsomal oxidation are slowed with aging and may have 
active metabolites, broader probes for hepatic microsomal 
activity have shown inconsistent results [14–17]. For exam-
ple, early studies of diazepam and chlordiazepoxide in the 
elderly demonstrated longer and less predictable half-lives. 
However, both these drugs are highly lipophilic and therefore 
have a larger volume of distribution given the increase in adi-
pose tissue common in aging. Changes in drug distribution 
are now thought to account more for the prolonged and erratic 
half-life than decreases in metabolism [18, 19]. Regardless, 
neither agent is recommended for elderly patients.

Metabolism via glucuronide conjugation is minimally 
changed with advancing age, and metabolites tend to be 
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inactive [14, 15]. Thus, drugs metabolized through these 
pathways, including benzodiazepines such as lorazepam, 
oxazepam, and temazepam, have shorter, more predictable 
half-lives and are therefore preferred for elderly patients 
(Table 27.2) [8, 18, 19]. Drug inhibition of enzymatic path-
ways typically occurs at a faster rate than induction of the 
same pathways. The ability to induce hepatic enzymes to the 
same extent as in younger individuals is unclear. Some agents 
commonly associated with enzyme induction include pheny-
toin, carbamezpine, phenobarbital, and chronic alcohol use. 
One potent inhibitor frequently used to control behavior in 
dementia patients is valproic acid.

Renal Elimination

The kidney is the main route of excretion for most drugs. On 
average, there are declines in glomerular filtration rate and 
renal blood flow with advancing age, although up to one-
third of elderly persons have no substantial changes in renal 
function [20, 21]. Because of decreases in muscle mass and 
therefore creatinine production, serum creatinine levels may 
not accurately reflect renal function. Therefore, it is strongly 
recommended that creatinine clearance be calculated for 
every elderly patient. Even patients with seemingly normal 
serum creatinine levels may have a decreased creatinine 
clearance [22, 23]. Many formulas exist to estimate renal 
function [24–26]. It is important to recognize that all the 
available methods have limitations [27, 28]. The most widely 
used method is the Cockcroft and Gault equation:

This equation is valid when serum creatinine is at steady 
state. It is the authors’ approach to use the resulting creati-
nine clearance to determine a range of possible renal func-
tion by adding and subtracting five points to the calculation. 
Many medications have specific dosing guidance based on 
creatinine clearance. Therefore, knowing the range of a 
patient’s creatinine clearance allows for more conservative 
dosing if necessary and compensates for patient variability in 

serum creatinine. When renal dose adjustments are neces-
sary, surgeons should reduce the dosage or extend the dosing 
interval of primarily renally excreted drugs. This also applies 
to drugs with active metabolites that may have prolonged 
durations of action during renal insufficiency. One example 
of a medication commonly used in older adults is glyburide 
for type 2 diabetes. The dosing guidelines for glyburide rec-
ommend against using this product if the patient’s creatinine 
clearance is <50 mL/min. The reason is an increased inci-
dence of hypoglycemia secondary to reduced elimination of 
a renally active metabolite. Glipizide is the preferred sulfo-
nylurea. To further emphasize the potential for hypoglyce-
mia, the Veterans Health Administration (VHA) Pharmacy 
Benefits Management Services (PBM), Medical Advisory 
Panel (MAP), and Center for Medication Safety (VA 
Medsafe) issued a national bulletin advising providers to 
switch all patients with a calculated creatinine clearance of 
<50 mL/min to glipizide [29].

Medication-Related Problems in the Elderly

Polypharmacy and the Surgeon

Increases in the number of chronic conditions in the elderly 
generally result in increased medication use. Comorbidity is 
also associated with poor quality of life, physical disability, 
high health care use, and increased risk for adverse drug 
events and mortality [30–32]. Approximately 82% of older 
adults are treated for one or more conditions with 88% receiv-
ing a medication [33]. Prescription drug use is greatest in the 
elderly, with over one-third of all medications used annually 
[34]. Unfortunately, polypharmacy remains a significant 
problem for many older adults. Underuse, overuse, duplicate 
medication use, and ineffective medication use are by defini-
tion inappropriate medication use. Polypharmacy includes 
not only the number of medications a patient receives, but 
also potentially inappropriate medications that can lead to 
MRPs in older adults. In a nationally representative probabil-
ity sample of community-dwelling adults aged 57–84 years 
old, Qato et al. found that more than half of older adults used 
five or more prescription medications, over-the-counter medi-
cations, or dietary supplements [35]. Almost one-third of this 
study population used five or more prescription medications 
and the prevalence of the use of five or more prescription 
medications increased steadily with age. Data from the Center 
for Medicare & Medicaid Services (CMS) estimate that 58% 
of community-dwelling elderly are taking three or more dif-
ferent acute and chronic medications in a year. CMS rates of 
medication use in long-term care are staggering with 67% of 
residents receiving nine or more different medications.

The increased emphasis on guideline-based medicine often 
results in patients receiving multiple agents for a condition in 

- ´

´
´

[(140 Age) (Lean body 
weight in kilograms)]

[ 0.85 for women]
(72  serum creatinine)

Table 27.2  Half-life of common benzodiazepines

Drug
Half-life in adults  
<65 years (h)

Half-life in adults  
³65 years (h)

Lorazepam 12.7 14.4
Alprazolam 11.7 15
Diazepam Ma 35.0–44.5 M 61.7–71.5

Fb 44.0–45.5 F 79.4–101
Chlordiazepoxide 10.1 18.2
Source: Data from [8, 18, 19]
a Male patients
b Female patients
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order to conform to “best practices.” Patients with heart fail-
ure, hypertension, and diabetes can easily exceed six or more 
medications based on current clinical practice guidelines [36]. 
Medication management in elderly patients is more complex 
than in younger patients and each added medication increases 
the potential for interactions and adverse events. Medication 
errors and safety concerns in the elderly increase with each 
new prescription. For example, clinically significant drug 
interactions are more likely to occur when a patient takes five 
or more medications, and the likelihood for falls increases 
when an older adult takes four or more medications. Adding 
to the medication diaspora is the lack of coordination of pre-
scribing in the elderly. Primary care physicians are unable to 
coordinate the multitude of specialists prescribing medica-
tions. Competitive pricing among major pharmacies often 
leads to patients filling prescriptions from multiple locations 
with no pharmacy holding a complete record of the patient’s 
current medications. Collectively, there is a loss of control 
over ensuring medication safety and appropriateness.

It is unrealistic to expect surgeons to make substantive 
changes to a patient’s chronic medications. Therefore, the 
issue of polypharmacy is more often a burden to the surgeon 
given the number of medications they must coordinate. 
While the absolute number of medications a geriatric surgery 
patient might receive may not change, the appropriateness of 
the prescribing should be optimized. When prescribing a 
new medication, attention to published lists of medications 
not to be used in the elderly (Beers criteria), avoidance of 
medications with known effects on cognition (anticholin-
ergics and sedatives/hypnotics), and the judicious use of pain 
medication will help minimize the potential for polyphar-
macy-related complications [37–39]. In addition, particular 
attention should be given to any drugs with known narrow 
therapeutic windows to ensure proper monitoring for signs 
of toxicity. For example, warfarin is associated with five out 
of the top ten drug interactions in older adults (Table 27.3) [40]. 
Finally, any new symptom in an elderly patient should be 
considered a drug side effect until proven otherwise. During 

the course of treatment, the patient should be monitored 
closely and regularly for adverse effects. Regardless of age, 
95% of all adverse drug reactions (ADRs) are predictable 
extensions of the pharmacology of the drug. Proper dosage 
adjustment based on renal and hepatic function can reduce 
the likelihood of experiencing an ADR. Once the desired 
effect is achieved and maintained, or the inciting event has 
passed, taper and discontinue the medication.

General Principles of Prescribing

The maxim of geriatric prescribing is to “start low, go slow, 
and sometimes say no.” While perhaps overly simplistic and 
not applicable to all medications (i.e., antibiotics), the mes-
sage is clear – medications are potentially dangerous in the 
elderly and should be used with caution [37–39]. Furthering 
the maxim, if starting low, it follows that you should also 
discontinue slow. Many drugs can be discontinued directly, 
but others (e.g., benzodiazepines and b-blockers) should be 
tapered to avoid adverse drug-withdrawal effects. With this 
background in mind, several underlying principles can help 
minimize the occurrence of MRPs and maximize adherence 
to prescribed drug regimens. Although they may seem rudi-
mentary, they are nonetheless helpful to review (Table 27.4).

It is now required by the Joint Commission that all patients 
have their medications reconciled upon admission, discharge, 
or transfer within the hospital. Medication reconciliation can 
prevent MRPs resulting from forced adherence, a common 
occurrence resulting from a medication being restarted in a 
patient who stopped or changed their medication without 
notifying their primary provider. Elderly patients are often 
reluctant to admit they have stopped a medication or altered 
the dose. When reviewing medications, it is not enough to 
have the patient to recall their list of medications given the 
prevalence of cognitive impairment in older adults. The pro-
vider must also determine the dose and frequency of admin-
istration to assure accuracy when prescribing.

Table 27.3  Top ten drug interactions in the elderly

Warfarin – NSAIDsa

Warfarin – sulfa drugs
Warfarin – macrolides
Warfarin – quinolonesb

Warfarin – phenytoin
ACE inhibitors – potassium supplements
ACE inhibitors – spironolactone
Digoxin – amiodarone
Digoxin – verapamil
Theophylline – quinolonesb

Source: Reprinted with permission from the American Society of 
Consultant Pharmacists, Alexandria, VA. All rights reserved http://
www.ascp.com [40]
a NSAID class does not include COX-2 inhibitors
b Quinolones that interact include: ciprofloxacin, enoxacin, norfloxacin, 
and ofloxacin

Table 27.4  Principles of safe geriatric prescribing

Take a detailed medication history (including over-the-counter and 
herbal/alternative preparations)

Establish clear, feasible therapeutic endpoints
Know the clinical pharmacology of drugs prescribed; use a few drugs 

well; balance safety with efficacy
Begin with a low dose of a drug and titrate up to achieve the desired 

response
Keep the regimen as simple as possible
Review medications regularly and discontinue those no longer needed
Remember that new symptoms (and illness) can be caused by a drug 

as well as by a new illness
Select the least costly alternative whenever possible
Encourage compliance. Utilize available pharmacy resources for 

counseling, written information, special packaging, and other 
reminder devices
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When obtaining a full medication history, it is ideal to 
have the patient or a family member to bring all medications 
with them. The authors recommend instructing patients to 
bring all prescription and active nonprescription bottles to 
their presurgical screening visit. Actually examining the pill 
bottles can provide valuable information about the individu-
al’s medication management abilities. For example, you 
might be able to determine the number of providers follow-
ing the patient, if they use only one pharmacy (important for 
drug interaction screening), if there is duplication of medica-
tions from multiple providers, the physical appearance of the 

bottles (recently filled prescription bottles that are filthy may 
be indicative of the individual’s home environment), if the 
refills are on time, the pills are in the right bottles, pills are 
mixed together, and if the pill counts are accurate. Additional 
questions should probe for any new side effects or possible 
allergic reactions.

When assessing nonprescription medication usage, the 
authors advocate prompting patients with names of com-
monly used agents versus simply asking if they take any 
additional medications. The flow sheet in Table  27.5 is 
used by the authors to screen patients for OTC MRPs [41]. 

Table 27.5  Geriatric outpatient pharmacy interview
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Given  that many drugs with potential toxicity and interac-
tions are available without a prescription, every patient should 
also be asked about the use of OTC, herbal, or alternative 
medications. The pharmacist is a valuable resource for con-
ducting the medication history/review. Pharmacist interven-
tions with in-patients may decrease subsequent hospital and 
emergency visits and medication-related re-admissions [42, 
43]. Inclusion of pharmacists on daily rounds in the intensive 
care units is encouraged to help improve overall prescribing 
[44]. Utilization of computerized provider order entry can 
further reduce medication errors [45]. When preparing dis-
charge prescriptions, keep medication regimens simple. 
Once-daily dosing substantially improves adherence! If a 
complicated regimen is necessary, the hospital pharmacist 
may be able to arrange for the patient’s community pharmacy 
to dispense the medication in a pill box or have them blister 
packed. These approaches may enhance adherence to the 
regimen. Providing the patients with a legible list of their 
medications with directions written in lay-terms is perhaps 
the single most important strategy to prevent MRPs. Many 
hospitals have pharmacists available for comprehensive 
medication counseling and to assist in streamlining regimens.

Specific Prescribing Issues

Delirium

Although seemingly a deviation from the topic, a discussion 
of delirium is warranted at this point because it is prevalent, 
potentially serious, potentially reversible, and because medi-
cations are leading contributors. This point is of particular 
importance in the hospital and during the perioperative 
period because a number of factors may contribute to the 
onset and propagation of delirium, including underlying cog-
nitive impairment, change in environment, comorbid ill-
nesses, the underlying illness prompting hospitalization or 
surgery, complications of that illness or procedures, anesthe-
sia, the surgery itself, and a variety of medications, many of 
which are described below. The central focus in delirium is 
looking for and recognizing its appearance and then moving 
quickly to identify and correct the inciting factors.

Delirium is the acute or subacute development of an alter-
ation in mental state that fluctuates during the course of the 
day. Standardized assessment instruments such as the confu-
sion assessment method can be helpful for its detection [46]. 
Risk factors can be thought of as “predisposing factors,” 
making one vulnerable to developing delirium, and “precipi-
tating factors,” which directly or indirectly lead to it. Among 
the predisposing factors are cognitive impairment, visual 
impairment, severe illness, and renal insufficiency [47]. 
Precipitating factors include the use of physical restraints, 

malnutrition, bladder catheterization, iatrogenic events, and 
the number and type of medications [48]. Certain medica-
tions have been linked to a particular risk of postoperative 
delirium (e.g., meperidine and benzodiazepines) [49]. 
However, one study noted that the simultaneous addition of 
three or more medications to a drug regimen in the hospital 
was a significant contributing factor to delirium, suggesting 
that the sheer volume of new medications in certain hospital-
ized patients may be sufficient to overwhelm their reserve 
capacity (it should be noted that as the number of prescribed 
medications increased there was a greater likelihood of at 
least one of the medications being psychoactive) [48].

A number of strategies may be employed to try to decrease 
the risk of delirium, including attention to underlying illness 
and complications. The general prescribing principles out-
lined above may also be helpful along with specific examples 
detailed below when discussing individual drug categories. 
Another factor that is particularly problematic in the hospital 
setting is the scheduling of medications or treatments at night 
that require patients to be awakened, sometimes repeatedly. 
Although it may be necessary for acutely or severely ill 
patients or during the immediate postoperative period, it is 
helpful to attempt to minimize the occurrence later in the 
hospital course. Multifactorial interventions have been shown 
to reduce the incidence of delirium by 35–40% in medical 
and posthip fracture patients [50, 51].

Antipsychotics

Antipsychotics are used to treat hallucinations, delusions, 
paranoia, and extreme agitation or physical violence [52]. 
They tend to not be useful for pacing or wandering. Because 
of potential serious side effects, they should not be used to 
treat insomnia. It is important to look for delirium as the 
potential cause of a new-onset behavioral disturbance or 
thought disorder, so the underlying etiology can be deter-
mined and treatment of the primary process initiated.

Once a target sign or symptom is identified to gage the 
effectiveness of treatment, the choice of agent largely 
depends on the desired side effect. For the most part, neuro-
leptics are essentially equally effective, so the choice of agent 
depends on which side-effect profile fits the characteristics 
of the patient or is best tolerated by the patient. “Typical” 
agents, such as haloperidol (starting dose 0.25–0.5 mg, max-
imum daily dose 2.0 mg), are inexpensive and are available 
in oral, intramuscular, and intravenous preparations. The lat-
ter parenteral preparations may be particularly helpful in the 
setting of acute agitation or if the patient is unable to take 
oral medications. Haloperidol is more likely to produce 
extrapyramidal side effects, but less likely to cause sedation, 
orthostasis, and anticholinergic effects than lower potency 
agents. Among the extrapyramidal effects are parkinsonian 
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features including tremor, bradykinesia, and masked fascies. 
Although these symptoms may fade over time, they have in 
the past also been treated with anticholinergic agents such as 
benztropine and trihexyphenidyl. This approach should be 
avoided because of the increased potential for delirium with 
concomitant therapy. A wiser approach might be to decrease 
the dose or switch to a different agent. Akathisia is mani-
fested as motor restlessness, pacing, or disturbed sleep and 
may be reported as discomfort or anxiety. A danger is that 
these features may be misinterpreted as increasing psycho-
sis, with the neuroleptic dose then being increased, resulting 
in worsened symptoms. As a result, it is often better to 
decrease the dose as an initial response to such symptoms to 
see if they are alleviated.

Tardive dyskinesia is a potential serious side effect of neu-
roleptic use and one of the reasons their use should be limited 
to the indications described above. Tardive dyskinesia starts 
as fine movement of the tongue, a facial tic, or lip smacking 
but may progress in the extreme to affect speech, eating, and 
breathing. Furthermore, it may be irreversible. Older adults 
and women are most likely to develop tardive dyskinesia, 
and it is more likely to be severe and less likely to be revers-
ible in the older adults. It is less clear that treatment duration 
and type of agent are important contributors to risk [53, 54]. 
The primary treatment is to taper and discontinue the drug.

“Atypical” agents, such as risperidone (starting dose 
0.25–0.5 mg, maximum daily dose 2.5 mg), have been touted 
as having fewer extrapyramidal side effects, although the 
risk does increase with increasing dosage. Olanzapine (start-
ing dose 2.5–5  mg, maximum daily dose 20  mg) may be 
helpful in individuals who have insomnia or poor oral intake 
in addition to psychosis, although these effects may be prob-
lematic with longer-term use.

A number of precautions can be taken to minimize the risk 
or extent of side effects. Once the desired effect is achieved 
and the target symptom is alleviated, or the inciting event is 
resolved, the drug should be tapered and discontinued. Many 
of the problems with neuroleptic use result from patients 
being left on the drug long after the inciting event has resolved 
and after discharge from the hospital. If patients are discharged 
to a rehabilitation or long-term care facility, it is helpful to 
indicate a time limit to treatment with these agents, much as 
one would do with a course of antibiotics. If agents are pre-
scribed on an as-needed, or pro re nata (PRN), basis, the indi-
cation for use and maximum daily dose should be clearly 
stated in the orders. The maximum daily doses provided for 
agents outlined above are guidelines; while they may be 
exceeded, this should be done cautiously and under close 
supervision because of the increased risk of side effects.

Of note, recent evidence has raised concern about the limi
ted effectiveness of these agents in controlling behavioral 
symptoms and the potential risk of other serious adverse 
effects, such as cardiac and cerebrovascular events and death 

[55–57]. These effects have been noted in patients with 
dementia and with long-term use and higher doses, but they 
may affect the risk-benefit equation in a given patient. They 
also add to the importance of judiciously using these medica-
tions only for the appropriate indications (psychosis and agita-
tion where the health and safety of the patient or caregivers is 
threatened) and at as low a dose and for as short a duration as 
is clinically necessary.

Antidepressants

The cardinal features of depression are the “vegetative” or 
depressive signs and symptoms, including increased or 
decreased sleep, decreased activity level, fatigue, decreased 
concentration, increased or decreased appetite or weight, 
motor slowing or agitation, guilt, suicidality, chronic somatic 
complaints, and pain [58]. Although standardized instru-
ments, such as the Geriatric Depression Scale, can be useful 
adjuncts, diagnosis still often relies on the recognition of 
depressive signs and symptoms [59]. It is important to rule 
out underlying medical illnesses contributing to depression, 
such as stroke, myocardial infarction, congestive heart failure, 
thyroid disorders, uremia, and certain cancers. Medications 
may contribute as well, including central-acting antihyperten-
sives and b-blockers, narcotics, neuroleptics, benzodiaz-
epines, antihistamines, and sedative/hypnotics [60].

Once these contributing factors have been ruled out and 
target signs or symptoms identified, the choice of agent again 
depends in part on the characteristics or features of the patient 
and the desired side-effect profile [58, 61, 62]. There is cur-
rently a wide range of therapeutic options to treat depression. 
While early agents such as tricyclics can be effective, their 
side-effect profiles require much more caution when used in 
older patients. Tertiary amine tricyclics (e.g., amitriptyline, 
imipramine, and doxepin) were among the early agents used. 
Although still effective, their side effects are very poorly tol-
erated by elderly persons and they should be avoided. Their 
metabolites (secondary amine tricyclics such as nortriptyline 
and desipramine) are available and are preferred if a tricyclic 
is to be used. Like the low-potency neuroleptics, tricyclics 
also have potential side effects such as sedation, orthostasis, 
and anticholinergic effects. In addition, they have the poten-
tial to contribute to arrhythmias. While nortriptyline and 
desipramine have relatively low arrhythmogenicity, they 
should be used cautiously in persons with underlying con-
duction disorders, and PR and QRS intervals should be moni-
tored periodically while on treatment. Desipramine is an 
activating agent and is preferable for persons who are apa-
thetic, withdrawn, and anhedonic. Nortriptyline is a sedating 
agent and is preferred in individuals who are anxious or have 
sleep difficulties as well as depression. Blood levels are 
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available for both agents and can be used to adjust doses 
depending on effect and side effects (nortriptyline has a ther-
apeutic window – a level beyond the upper limit may lead to 
less effectiveness and more side effects) [63].

Because of their enhanced safety and tolerablility profiles, 
selective serotonin and norepinephine reuptake inhibitors 
(SSRI and SNRI) are the current preferred agents for treating 
depression in older patients [62, 64]. In general, citalopram/
escitalopram, sertraline, and venlafaxine are safe, effective, 
and well-tolerated by older patients and are reasonable initial 
choices. For patients with certain associated features, other 
agents may be considered. For patients with poor sleep, poor 
intake, and anxiety as features of their depression, mirtazap-
ine would be an option. For patients with pain and depres-
sion, duloxetine is an alternative. The latter options may 
minimize the number of medications by treating multiple 
symptoms with a single agent. Most agents take several 
weeks to have an effect on mood, but beneficial effects on 
sleep or appetite may be seen sooner. Potential side effects 
include gastrointestinal upset, change in sleep, headaches, 
dizziness, and sexual dysfunction.

Methylphenidate (starting dose 5  mg daily, maximum 
dose 10 mg twice a day, dosed early), which often exhibits an 
effect within 24–48 h, may be used as a bridging activating 
agent for particularly anhedonic or apathetic patients until 
other agents exert their effect, with its primary side effects 
being excessive arousal, gastrointestinal upset, and tachycar-
dia [65]. Monoamine oxidase (MAO) inhibitors are used 
infrequently because of their potential serious interactions 
with certain medications and tyramine-containing foods. For 
life-threatening depression or patients refractory to medica-
tions, electroconvulsive therapy can be used safely and effec-
tively in elderly persons [60].

Anxiolytics

Pharmacologic intervention for anxiety is warranted if symp-
toms are sufficiently severe to interfere with daily coping or 
enjoyment of life. In general, treatment should be short term: 
for a grief reaction or as an adjunct to supportive therapy to 
develop coping strategies. It is again important to rule out 
contributing disorders such as congestive heart failure and 
chronic obstructive pulmonary disease.

The mainstays of anxiolytic therapy are the benzodiaz-
epines [52, 66]. Given the metabolic changes that occur with 
aging described above, short-acting agents such as loraze-
pam (starting dose 0.5 mg/day) and oxazepam (starting dose 
7.5 mg/day) are preferred because of their more predictable 
half-lives and duration of action. All benzodiazepines share 
potential side effects, including sedation, dizziness, depres-
sion, confusion, agitation, and disinhibition. Dependence 

can develop, and tolerance to their effects often occurs after 
2–4 weeks of continuous use. Consequently, it is best to use 
these agents short term. Because a withdrawal reaction or 
“rebound” characterized by tremor and agitation can occur 
after abrupt withdrawal, benzodiazepines should be tapered 
prior to discontinuing. Buspirone (starting dose 5 mg twice a 
day) is a nonbenzodiazepine anxiolytic that is less likely to 
cause dependence, sedation, or psychomotor retardation. 
However, it has a delayed onset of action (several weeks) and 
lacks the soporific and muscle relaxant effects of benzodiaz-
epines. Its primary side effects are dizziness and nausea. 
Barbiturates should be avoided because they are less effec-
tive and have greater addictive potential than other available 
agents [66, 67].

Sedative/Hypnotics

Disturbed sleep is a common complaint among older per-
sons, particularly in the hospital [52, 68]. Part of this is due 
to changes that occur in sleep patterns with aging, including 
a phase shift (falling asleep and waking up earlier than in 
prior years) and more disruptions to sleep. Disturbed sleep 
may manifest as difficulty falling asleep, difficulty staying 
asleep, or early morning awakening. A variety of medical 
factors contribute to sleep difficulties, including anxiety, 
depression, pain, itching, nocturia, and congestive heart fail-
ure. Medications that may contribute include amphetamines, 
steroids, decongestants, caffeine, and alcohol. A number of 
other factors may play a role among hospitalized patients, 
including daytime naps, intravenous lines, catheters, trac-
tion, and frequent wakings for medications or treatments. 
After establishing by history if sleep is disturbed, the main-
stay of treatment should be nonpharmacologic interventions 
directed at potential contributing factors.

If drug treatment is indicated, there are several potential 
choices that can be used safely and effectively short term 
(suggested maximum duration of use is 7–10 days). Among 
the benzodiazepines, short-acting agents are preferred 
because they are less likely to cause carryover sedation the 
following day. Temazepam (starting dose 7.5 mg) has a rea-
sonable duration of action but a delayed onset of action and 
so must be given approximately 1–2  h before bedtime. 
Nonbenzodiazepine hypnotics, such as zolpidem, zaleplon, 
and eszopiclone, also appear relatively safe in older persons 
[69]. If the primary problem is difficulty falling asleep, 
ramelteon is another option. If persons are depressed and 
have sleep difficulties, treatment with a sedating antidepres-
sant is preferable to separate treatment with two different 
medications. Similarly, if someone has a thought disorder 
and disturbed sleep, a sedating neuroleptic is preferred, but 
neuroleptics should not be used for sleep alone.
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Pain Management

Pain is a common complaint among elderly persons and can 
have a substantial impact on affect and physical functioning. 
Adequate treatment is thus important, but caution must be 
exercised because of the strong potential for adverse effects 
with many of these agents. As such, it is helpful to follow the 
stepwise approach defined above for assessing the nature and 
extent of pain, determining its etiology, and starting with 
lower doses of less potent agents. A variety of instruments 
are available to help gage the current severity of pain and the 
effectiveness of treatment [70, 71].

The first line of therapy often consists of acetaminophen, 
aspirin, or nonsteroidal anti-inflammatory agents (NSAIDs) 
[71–73]. Although all three possess analgesic and antipyretic 
properties, acetaminophen lacks the anti-inflammatory prop-
erties of the other two classes. Acetaminophen is safe, effec-
tive, inexpensive, and well-tolerated by older persons. 
Caution should be exercised in the setting of liver disease or 
alcohol use, and there may be an increased risk of end-stage 
renal disease with high-dose long-term use [71, 74]. Caution 
must also be taken to ensure that patients avoid compound 
medications that include acetaminophen, which may contrib-
ute to their unknowingly exceeding recommended daily lim-
its. Aspirin and the nonsteroidals can cause gastrointestinal 
bleeding or renal insufficiency and can interfere with platelet 
function. A variety of central nervous system (CNS) side 
effects may also be seen with nonsteroidals. Given that these 
three classes provide roughly equipotent analgesic effects, 
acetaminophen is a safer initial choice in the absence of 
inflammation. Of note, the most recent guidelines of the 
American Geriatrics Society recommend acetaminophen 
rather than nonsteroidals for the first line treatment of pain 
because of their side-effect profiles in older adults [73].

If pain is not controlled with these agents, opioid analge-
sics are the next line of treatment [71–73]. They are often 
characterized as mild or strong. Mild opioids, such as codeine 
and oxycodone, may provide relief alone or in conjunction 
with the nonopioid analgesics described above. Strong opi-
oids, such as morphine, are used if pain remains unrelieved. 
All opioids have similar potential side effects, among which 
are respiratory depression, constipation, urinary retention, 
nausea and vomiting, delirium, and myoclonus. The patient 
should be monitored closely and appropriate dose adjust-
ments made when these side effects appear. Prophylactic 
bowel regimens are often necessary and should be initiated 
when the narcotic is started. Tolerance to some of the effects 
may appear and may be facilitated by continuous, rather than 
as-needed, administration schedules. For respiratory depres-
sion, the opiate antagonist naloxone may be helpful. 
Meperidine should be avoided in the elderly, as it must be 
used with caution in patients with renal insufficiency and 
its metabolite, normeperidine, may cause seizures. Topical 

analgesics such as capsaicin may be helpful for conditions 
such as herpes zoster. Nonpharmacologic modalities such as 
heat, cold, massage, biofeedback, and transcutaneous electri-
cal nerve stimulation (TENS) help in certain situations. 
Nerve blocks are another potential option for certain types of 
refractory pain. A recent trial of an interdisciplinary analge-
sic program in orthopedic patients found that intervention 
participants had less pain postoperatively and at 6 months 
and better physical performance [75].

Antihistamines

Histamine H
1
 receptor blockers are commonly used for the 

treatment of allergies and allergic reactions; occasionally 
they are used as sedative/hypnotics. Because of their promi-
nent anticholinergic properties, they should be used cau-
tiously in the elderly. Newer agents with relatively low 
anticholinergic properties, such as loratadine, are preferred 
to treat allergy symptoms. Antihistamines such as diphenhy-
dramine should not be used as sleep medications given the 
availability of safer agents.

Histamine H
2
 receptor blockers, used to inhibit gastric 

acid secretion, can be safely used in elderly persons. All of 
these agents can cause alterations in mental status [76]. In 
general, the dose and duration of use should be kept to a min-
imum and always adjusted for renal function. If used prophy-
lactically during the perioperative period, the dose should be 
decreased and ultimately discontinued as soon as possible.

Antibiotics

There are two major clinical categories of antibiotic usage 
among surgical inpatients: perioperative prophylaxis and the 
treatment of postoperative infections. Although this chapter 
does not deal with specific antibiotic recommendations, it 
addresses the general principles of antibiotic choice, dosing, 
and specific side effects in the geriatric patient.

As the population ages and as individuals live longer and 
productive lives through the benefits of advances in pharma-
cotherapy and medical technology, it has become important 
to consider technologic devices (grafts, stents, pacemakers, 
transplanted organs, and dialysis catheters) as important fac-
tors in the selection of antibiotics in the elderly surgical 
patient. Both the devices themselves, as well as the medica-
tions (immunosuppressive drugs and anticoagulants) that 
patients may be on as a result, need to be taken into consid-
eration when choosing an antibiotic regimen. With the 
expansive antibiotic armamentarium currently available and 
new drugs being released with regular frequency, it is imper-
ative that the proper choice of antibiotic be made by taking 
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into account possible drug interactions (Table 27.6), the side-
effect profile of a particular drug, and the appropriate dose in 
a given patient [77].

The increasing antibiotic resistance noted in several 
strains of gram-positive bacteria has led to the development 
of new classes of antibiotics in an effort to combat this prob-
lem. All this has improved our ability to successfully care for 
and treat patients, but has also increased the risk of potential 
side effects and drug interactions to which patients are 
exposed. The advent of the electronic medical record, elec-
tronic prescribing systems, and electronic prescribing data 
bases have made the life of a busy clinician easier and have 
been shown to prevent adverse events [78].

While the maxim of geriatric prescribing, “start low, go 
slow” is true for most classes of drugs, this practice is not 
advisable with antibiotic use. This is especially true in the 
critically ill surgical patient and may in fact contribute to the 
problem of antimicrobial resistance. Understanding when 
pharmacokinetic changes in the elderly are important and 

call for dose adjustments is imperative [79]. Proper dosing of 
antibiotics and other drugs in older adults reduces the inci-
dence of ADRs. This point is especially important in light of 
the fact that the incidence of ADRs increases with advancing 
age and the effects are more serious in frail elderly patients 
than in their younger counterparts [80]. In general, improper 
dosing is a more frequent cause of error in therapy than is the 
use of an inappropriate drug [81].

Judicious clinical practice requires the prescribing physi-
cian to be aware of age-related changes in drug absorption, 
distribution, metabolism, and elimination. These have been 
described earlier in this chapter. Of these factors, the one 
with the most direct clinical relevance to antibiotic dosing is 
the decline in renal function. Many disease processes in the 
elderly, including most notably hypertension and diabetes, 
contribute to and accelerate this decline [80].

Most clinicians are aware of the need to decrease the dose 
of certain nephrotoxic antibiotics, such as aminoglycosides 
in the setting of frank renal insufficiency or decreased creati-
nine clearance. However, other commonly used drugs such 
as quinolones and most cephalosporins need to be dose-
adjusted for a creatinine clearance of less than 30  ml/min 
[82]. Table 27.7 lists selected antibiotics whose dosages need 
to be adjusted [83, 84].

Although aminoglycosides remain important drugs for 
treating serious infections, alone or in combination with 
other drugs, the availability of newer agents (quinolones, 
monobactams, and carbapenems) with broad-spectrum cov-
erage and less nephrotoxicity make the use of aminoglyco-
sides less attractive in elderly persons. Risk factors for the 
development of aminoglycoside-induced nephrotoxicity 
include diabetes mellitus, dehydration, advanced age, and 
duration of treatment [85]. In addition to nephrotoxicity, 
aminoglycosides may also cause ototoxicity. This is more 
likely to occur in elderly patients especially if given in high 
dose or for prolonged periods because ototoxicity is cumula-
tive. Furthermore, the risk of ototoxicity is greater in patients 
concomitantly taking a loop diuretic [86–88].

Evidence suggests that once-daily dosing of an aminogly-
coside is at least as effective as, and less toxic than, conven-
tional dosing regimens of multiple daily dosages as long as 
trough levels are monitored closely. Several analyses of pooled 
data from randomized controlled studies in adults found that 
once-daily aminoglycoside dosing may be associated with less 
nephrotoxicity and no greater ototoxicity than with conven-
tional dosing [89–92]. Keep in mind, however, that once-daily 
aminoglycoside dosing is not appropriate for, or recommended 
in, any patient with a creatinine clearance <30 ml/min.

As mentioned above, although liver size and blood flow 
tend to decrease with age, in the absence of serious liver dis-
ease and subsequent hepatic dysfunction, antibiotic dosages 
do not need to be adjusted. Drug-induced hepatitis in patients 
treated with antituberculous agents, especially isoniazid, 

Table 27.6  Selected antibiotics and their drug interactions

Antibiotic Other drugs Effect

Ampicillin Anticoagulants ↑ Anticoagulation

Aminoglycosides Amphotericin B ↑ Nephrotoxicity

Cyclosporine ↑ Nephrotoxicity

Loop diuretics ↑ Ototoxicity

Neuromuscular 
blockers

↑ Respiratory paralysis

NSAIDs ↑ Nephrotoxicity

Vancomycin ↑ Nephrotoxicity

Cefoperazone, 
cefotetan

Anticoagulants ↑ Anticoagulation

Clindamycin Muscle relaxants ↑ Frequency of  
respiratory paralysis

Ciprofloxacin Antacids/sucralfate/
cations (vitamins 
and calcium 
supplements)

↓ Absorption of  
ciprofloxacin if  
taken within 2 h

NSAIDs ↑ CNS stimulation/
seizures

Anticoagulants ↑ Anticoagulation

Fluconazole Tacrolimus ↑ Tacrolimus level with 
toxicity

Cyclosporine ↑ Cyclosporine level, 
nephrotoxicity

Ca channel blockers ↑ Ca channel blocker  
level

Anticoagulants ↑ Anticoagulation

Theophylline ↑ Theophylline level

Metronidazole Alcohol Disulfiram-like reaction

Oral anticoagulants ↑ Anticoagulation

Imipenem cilastatin Cyclosporine ↑ Cyclosporine level
Trimethoprim–

sulfamethoxazole
Anticoagulants ↑Anticoagulation

Source: Data from [77]
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increases in incidence from 2.8/1,000 in patients <35 years 
old to 7.7/1,000 in patients ³55 years old [86, 93]. Therefore, 
liver function tests must be performed frequently prior to and 
during the course of antituberculous therapy. Antibiotics that 
require dose adjustments in patients with hepatic dysfunction 
include cefoperazone, clindamycin, erythromycin, isoniazid, 
ketoconazole, nafcillin, and rifampin (Table 27.8).

b-Lactam antibiotics (penicillins, cephalosporins, 
cephamycins, carbapenems, and monobactams) have varying 
characteristics of absorption, peak concentration, bioavail-
ability, and metabolism. These topics are described in detail 
in standard texts and are not covered here. In general, bio-
availability is relatively poor after oral administration, which 
has implications for the switch from intravenous to oral prep-
arations, and pharmacokinetics are similar after intramuscu-
lar or intravenous administration [83].

Cephalosporins are relatively safe drugs to use in older 
persons. Dosages for certain cephalosporins need adjustment 
for renal insufficiency (Table 27.7). The broad spectrum of 
activity of ceftriaxone together with its convenient once-
daily dosing make it an ideal drug for empiric use in a variety 

of clinical infections in the older adults [94, 95]. In addition, 
it has both renal and biliary excretion and as a result needs 
little adjustment for renal insufficiency. A lesser known side 
effect of ceftriaxone is the formation of biliary sludge with 
prolonged use [96].

Cefoperazone, a third-generation cephalosporin still in use 
especially for the treatment of intra-abdominal infections, has 
primarily biliary excretion and needs no adjustment for renal 
insufficiency; however, it can cause elevation of the pro-
thrombin time [97]. This side effect is particularly important 
in the surgical patient. There are three proposed mechanisms 
of cephalosporin-associated hypoprothrombinemia, two of 
which involve the N-methylthiotetrazole (NMTT) moiety. 
The most plausible mechanism is NMTT inhibition of vita-
min K epoxide reductase in the liver. Patients at increased 
risk for this adverse event include those with low vitamin K 
stores, specifically patients who are malnourished with low 
albumin concentrations and poor food intake. The elderly and 
patients with liver or renal dysfunction are examples of popu-
lations at potential risk. The manufacturer therefore recom-
mends concomitant use of vitamin K once a week during 
cefoperazone administration, although epidemiologic studies 
suggest that bleeding complications with antibiotics in gen-
eral may have more to do with other risk factors than the 
specific antibiotic [98–101]. It should also be noted that 
cefoperazone causes a mild disulfiram-like reaction when 
given within 72 h of alcohol ingestion.

Carbapenems (imipenem cilastatin, meropenem, and ertap-
enem) are a widely used class of drugs especially in the post-
operative patient because of their broad spectrum of activity. 
Their pharmacokinetics are similar to that of cephalosporins, 
and they require dose adjustment for renal insufficiency 

Table 27.7  Selected antibiotics requiring dose adjustment during renal insufficiency

Antibiotic Usual dose Dose for CrCl 10–50 ml/min Dose for CrCl <10 ml/min

Cefazolin 1–2 g q8 h 1–2 g q12 h 1–2 g q24–48 h
Cefuroxime 0.75–1.50 g q8 h 0.75–1.50 g q12 h 0.75–1.50 g q24 h
Ceftazidime 2 g q8 h 2 g q12–24 h 2 g q24–48 h
Cefotaxime 2 g q8 h 2 g q12–24 h 2 g q24 h
Penicillin G 0.5–4.0 million units q4 h 75% of dose 20–50% of dose
Ampicillin 1–2 g q6 h 1–2 g q6–12 h 1–2 g q12–24 h
Pipercillin tazobactam 3.375–4.5 g q6–8 h 2.25 g q6 h 2.25 g q8 h
Piperacillin 3–4 g q4–6 h 3–4 g q6–8 h 3–4 g q 8 h
Ticarcillin clavulanate 3.1 g q4 h 3.1 g q8–12 h 2 g q12 h
Aztreonam 2 g q8 h 50–75% of dose 25% of dose
Ertapenem 1 g q24 h 0.5 g q24 h 0.5 g q24 h
Imipenem cilastatin 0.5 g q6 h 0.25 g q6–12 h 0.125–0.25 g q12 h
Metronidazole 7.5 mg/kg q6 h 7.5 mg/kg q6 h 50% of dose
Vancomycin 1 g q12 h 1 g q 24–96 h 1 g q4–7 days
Gentamicin 1.7 mg/kg q8 h 1.7 mg/kg q12–24 h 1.7 mg/kg q48 h
Amikacin 7.5 mg/kg q12 h 7.5 mg/kg q24 h 7.5 mg/kg q48 h
Amphotericin B 0.4–1 mg/kg q24 h 0.4–1 mg/kg q24 h 0.4–1 mg/kg q24 h
Fluconazole 100–400 mg q24 h 50% of dose 50% of dose
Ciprofloxacin (IV) 400 mg q12 h 400 mg q12–24 h 400 mg q18–24 h
Source: Data from [84]
CrCl creatinine clearance

Table 27.8  Selected antibiotics requiring 
dose adjustment in the presence of severe 
hepatic dysfunction

Nafcillin
Cefoperazone
Clindamycin
Erythromycin
Ketoconazole
Isoniazid
Rifampin
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because they are excreted renally. The cilastatin component of 
imipenem cilastatin has no antibacterial activity, but is used to 
inhibit renal tubular metabolism of imipenem, thereby increas-
ing the urinary concentration of the active drug. Major adverse 
effects of the carbapenems, especially imipenem cilastatin, 
are related to the CNS, including seizures, somnolence, and 
confusion [102]. This is more likely to occur in the elderly 
with a history of a CNS lesion, prior seizure disorder, or renal 
failure.

Aztreonam is a monobactam that has only aerobic gram-
negative bacterial coverage. Its pharmacokinetics are similar 
to that of the cephalosporins. It is frequently used in patients 
with renal insufficiency as a substitute for aminoglycosides, 
although it too needs dose adjustment in such patients. Its 
use in combination with b-lactam antibiotics for synergy (as 
with aminoglycosides for enterococcal or pseudomonal 
infections), however, has not been validated. It lacks cross-
reactivity with other b-lactam antibiotics and can be used 
safely in patients with severe allergy to penicillin or cepha-
losporins [103, 104].

The fluorinated quinolones have gained wide usage dur-
ing the past few decades. Compared with the older quinolo-
nes (norfloxacin and ciprofloxacin), the third- and 
fourth-generation quinolones (ofloxacin, levofloxacin, and 
moxifloxacin) have a broad spectrum of aerobic gram-
positive and gram-negative bacterial activity along with the 
same excellent pharmacokinetic profile. The gram-positive 
coverage, especially in vitro activity against Streptococcus 
pneumoniae, of the earlier quinolones (ciprofloxacin) is not 
as good as that of the new generation of quinolones. In addi-
tion, they are active against intracellular organisms such as 
Legionella, Mycoplasma, Chlamydia, and Mycobacteria. 
They are well absorbed orally, with a high degree of bio-
availability that makes them especially useful drugs in the 
transition from intravenous to oral dosing. They also have 
excellent tissue penetration. Care should be taken with the 
oral administration of these drugs to ensure that they are 
administered 2 h before or after antacids, sucralfate, or other 
multivalent metallic cations as their absorption can be 
severely impaired [105, 106]. Renally eliminated fluoroqui-
nolones (ofloxacin and levofloxacin) need to be dose-adjusted 
when the creatinine clearance is <50 ml/min.

Along with the increased usage of this class of antibiotics, 
there have been reports of specific side effects when pre-
scribing these drugs in older adults. Certain quinolones can 
cause QT interval prolongation. They should be avoided in 
patients with known prolongation of the QT interval, patients 
with uncorrected hypokalemia or hypomagnesemia, and 
patients receiving Class I or Class II antiarrhythmic drugs 
[107]. Elderly patients on corticosteroids, especially in the 
setting of chronic renal insufficiency, are also at risk for 
Achilles tendon rupture [108]. An important and well-
documented drug interaction of quinolones with warfarin 
is  particularly noteworthy in the postsurgical patient. The 

prothrombin time (PT) and INR need to be closely monitored 
to prevent bleeding complications [109, 110].

With the current escalating problem of antibiotic resis-
tance and the increase in the numbers of resistant gram-
positive infections (methicillin resistant Staphylococcus 
aureus and vancomycin resistant enterococci), several new 
antibiotics have been introduced in the past decade as an 
alternative to vancomycin. Linezolid and quinupristin dalfo-
pristin are two such antibiotics. Linezolid, a fluorinated 
oxazolidinone active against gram-positive organisms, is a 
nonselective inhibitor of monoamine oxidase (MAOI). In the 
elderly patient with the potential for polypharmacy as dis-
cussed above, drug interactions need to be kept in mind when 
using this antibiotic. Linezolid is on the list of drugs with 
serotonergic activity that may cause serotonin syndrome – a 
potentially preventable complex of symptoms that may be 
fatal if not recognized early. The most common drug combi-
nations associated with serotonin syndrome are MAOIs with 
selective serotonin reuptake inhibitors (SSRIs). Since SSRIs 
are frequently used for the treatment of depression, this is an 
important drug interaction to keep in mind [111–113].

No discussion of antibiotic use is complete without men-
tion of Clostridium difficile-associated diarrhea (CDAD) – a 
challenge in the care of all hospitalized patients, particularly 
older ones. Surgical patients comprise 55–75% of all patients 
with CDAD [114]. Initial treatment regimens remain the 
same in this population and include oral metronidazole 
(cheap and effective) or oral vancomycin (expensive and 
concern for antibiotic resistance); however, there is an 
increased frequency of treatment failure and CDAD recur-
rence among elderly persons. Prolonged, tapering course of 
antibiotics, treatment with anion exchange resins, oral lacto-
bacillus, or nonpathogenic yeast such as Saccharomyces 
boulardii and fecal transplants (enema with feces from 
healthy donors) or combinations of the above may need to be 
considered. None of these regimens has been proven supe-
rior to the others [115].

Summary

A number of factors can potentially influence the risk-benefit 
equation for drug use in an older population, including age-
related physiologic changes in organ system function; 
increased likelihood of comorbid diseases affecting organ 
systems that are the intended site of drug action or are respon-
sible for the metabolism or clearance of a drug; and increased 
likelihood of multiple chronic medications, which may 
increase the possibility of drug interactions. However, the 
vast majority of drugs can be used safely and effectively in 
older surgical patients if appropriate precautions are taken in 
the selection, dosing, and timing of drugs and in the active 
monitoring of effects and side effects.
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Injury in the elderly is increasing, and we now see a bimodal 
distribution of injury deaths. The first peak in death rates is 
in the 16 to 24 age group, and the second is after the age of 
60. This increase in the number of elderly patients is due in 
no small part to the fact that they are more active, continue to 
drive, and remain involved in some risk-taking sports, such 
as skiing and driving motorcycles. One can ask, “When does 
‘old age’ begin?” If one reviews the National Trauma Data 
Bank maintained by the American College of Surgeons, 
there appears to be an increase in deaths after the age of 45. 
I wish to emphasize the variability in the physiologic changes 
that occur in the aged. The most common comorbidities that 
I see are cirrhosis, smoking, heart disease, and chronic 
obstructive pulmonary disease.

There have been many recent changes in the management 
of shock and hemotherapy. One has to be careful in analyz-
ing and applying some of these changes to the elderly. Data 
from Iraq and Afghanistan have confirmed what Cannon 
observed in World War I. It is important not to over-resusci-
tate the patient prior to surgical control of bleeding. The mili-
tary studies show that minimal pre-hospital fluid should be 
given, corroborating Cannon’s data in that keeping the blood 
pressure above 85 mm/Hg is optimal. However, this may not 
be applicable or should be modified in the case of elderly 
patients who have arterial sclerosis or congestive heart fail-
ure. One of the more dramatic changes shown recently by 
our military is in hemotherapy. During World War I, Cannon 
used whole blood. The component therapy data from 
Operation Enduring Freedom and Operation Iraqi Freedom 
have been modified to reflect a 1:1:1 ratio of packed red 
blood cells, fresh frozen plasma, and platelets and provide a 
statistically better outcome when compared to the earlier 
management of components. An even better outcome can be 
achieved with whole blood, which most surgeons believe to 
be the appropriate fluid to give for hypovolemic shock.

Another concept that is gaining credibility is the prevention 
and treatment of compartment syndromes. Compartment syn-
dromes can occur in the cranial vault, hemithoraces, abdomen, 
pelvis, and the extremities. Neurosurgery has rightly pointed 
out the ravages of compartment syndrome within the cranial 
vault, and there has been aggressive management in the form 
of evacuation of hematomas, and even craniectomy. These 
problems are aggravated in the elderly because many of them 
come into the emergency room after major injury and are on 
Warfarin, Plavix, or aspirin. Although rapid reversal of these 
compounds is desirable, it is fraught with difficulties, particu-
larly if one uses vitamin K, fresh frozen plasma, or platelets. 
These all take time to reverse. Some centers have used low-
dose Factor VII with promising results, but there is the down-
side of increased thrombosis. Compartment syndromes, 
including air and blood within either hemithorax can usually 
be addressed once the patient arrives at the emergency depart-
ment, but in some instances, can be relieved (tension) in the 
pre-hospital care. The compartment syndromes that develop 
in the abdomen and pelvis are partly preventable by prudent 
limitation of over-resuscitation, but in some instances will 
require leaving the abdomen open, packing the pelvis tempo-
rarily to gain hemostasis, and repeated damage control until 
the abdomen can be closed either primarily or at a later date 
after temporary closure with synthetic material.

A related issue is the triad of coagulopathy, hypothermia, 
and acidosis, which is often a complication of resuscitation. 
Oftentimes, this is preventable. Warming the patient should 
start in the prehospital setting, and acidosis can be partially 
ameliorated by use of balanced salt solutions. In the emer-
gency room, this triad must be recognized early and aggres-
sively addressed.

A particularly contentious issue in the elderly is futility of 
care in the emergency room and the ICU. This includes both 
quantitative and qualitative futility. Examples of quantita-
tively futile care would include full ventilatory support of a 
patient with documented brain death or an instance where 
there is no precedent for survival. Qualitative futility describes 
the nature of function following survival of a devastating 
insult. The descriptors of qualitative futility are dependent on 
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personal preferences and are value-laden. For geriatric 
trauma patients, substantial erosion in the capability for inde-
pendent living defines qualitative futility, with the range of 
individual preferences defining the specifics of the loss of 
function. For some elderly patients, becoming permanently 
dependent on the assistance of others for management of 
bodily function constitutes a qualitative futile outcome; while 
for others, coma and a requirement for mechanical ventila-
tion would be the threshold for qualitative futility. Futilities 
are tough ethical issues that the surgeon and intensivist face 
almost on a daily basis. Unfortunately, when we studied this 
at our institution, our outcomes were mixed. Patients who 
were discharged to nursing homes, skilled nursing facilities, 

and rehabilitation centers had a higher death rate at 1 year 
than those discharged to their homes. Furthermore, those 
who had significant injury (ISS >15) were able to return 
immediately to independent living status in only 25% of 
instances. When discharged to secondary care institutions, 
many did not return to independent living status.

The elderly represent a heterogeneous group in the physi-
ologic changes that occur during latter years. Comorbid fac-
tors described above also influence the elderly patient’s 
response to injury and surgery. There are no simple rules in 
preventing futility, but the surgeon has to be aggressive in 
making decisions, working with the families, and trying to 
do what is best for the patient.
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Introduction

As one of the fastest growing segments of the population, 
elderly patients account for an increasing percentage of oper-
ations in most practices. On the basis of the 2006 National 
Hospital Discharge Survey, patients aged 65 and older 
accounted for 35% of all procedures [1]. Elderly patients 
have a higher rate of postoperative complications. Two large 
studies found complication rates of 20–50% in patients aged 
80 years and older [2, 3]. In contrast, younger patients had 
complication rates approximately half of that in the elderly 
patients. Table 29.1 outlines the relative frequency of spe-
cific complications in elderly patients undergoing a variety 
of noncardiac surgical procedures.

Elderly patients are similar to other patients in terms of 
the “typical” postoperative complications that can occur with 
an operation such as bleeding, infection, or technical errors. 
However, elderly patients are at risk for a group of unique 
complications owing to the physiologic changes of aging and 
the stress of the perioperative period. The underlying mecha-
nisms for recognition, treatment, and prevention of these 
complications are the focus of this chapter.

There are some general principles for identifying, pre-
venting, and treating postoperative complications in elderly 
patients. First and foremost, many postoperative complica-
tions in elderly patients have “atypical” presentations, mak-
ing the recognition of postoperative complications difficult 
in this age group. For example, infectious complications do 
not necessarily present with fever and leukocytosis; delirium 
can be the sole clinical manifestation of an infectious 
complication.

The second principle is to actively search for and avoid 
complications. Every surgeon caring for elderly patients has 

had a case where a single, seemingly minor, postoperative 
complication spiraled into something more significant. This 
is because although elderly patients tolerate most elective 
operations, they have limited physiologic reserves to tolerate 
the increased physiologic stress of postoperative complica-
tions. After emergency operations, much of physiologic 
reserve is spent maintaining homeostasis, leaving even less 
reserve for complications. Therefore, it is imperative to avoid 
preventable complications such as those that result from a 
poor choice of medications.

The third principle is to perform an adequate preoperative 
risk assessment including functional status and cognitive 
assessment. In the elective setting, there is adequate time to 
fully evaluate the elderly patient for occult comorbidities and 
determine functional and cognitive status. Unfortunately, the 
same time is usually not available in the case of urgent or 
emergency operations. However, this information can often 
be obtained from caregivers and family. This has a direct 
impact on expected postoperative course, especially after 
emergency operations, and can help set expectations and 
goals of therapy.

Age-Related Complications

Delirium

Delirium is a relatively frequent complication following sur-
gery in elderly patients. Table 29.2 outlines the rates of post-
operative delirium for selected common procedures. The 
reported rates of postoperative delirium range from 15 to 
>50%. [4] The rate varies from <5% following cataract sur-
gery to as high as 60% after hip replacement [5]. Elderly 
patients who develop delirium have longer postoperative 
hospital stays, are more likely to be discharged to a nursing 
home, less likely to regain full function, and have higher 
death rates at 30 days, 6 months, and 1 year [5–8].
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Impact on Outcome

The development of postoperative delirium has a deleterious 
effect on postoperative outcomes. Specifically, postoperative 
delirium is associated with longer length of stay [6, 9], higher 

postoperative complication rates [9], higher probability of 
discharge to nursing home [6], poorer functional outcome 
[7, 10], and higher death rates at 6 [6] and 12 months [7]. This 
results in a greater financial burden of care for these patients.
Robinson documented an average cost of hospitalization of 
$50,100 in patients who developed postoperative delirium [6]. 
In contrast, the average cost of hospitalization in patients who 
did not develop delirium was $31,600. Two studies of patients 
undergoing nonorthopedic operations documented a doubling 
of length of stay in patients with postoperative delirium when 
compared to patients who do not develop delirium [6, 9].

The development of delirium is also associated with 
higher rates of overall postoperative complications [9]. This 
is not unexpected as delirium is often the initial sign of a 
postoperative complication. However, a large study of 
patients who developed delirium after surgical treatment of 
hip fracture did not show an increased length of stay or 
increased postoperative complication rate when compared to 
patients who did not develop postoperative delirium [7].

There are also conflicting data on increased rates of dis-
charge to nursing homes in patients who developed postop-
erative delirium. Robinson et al. [6] showed a significantly 
higher rate (33%) of postdischarge institutionalization in 
patients who developed delirium as compared to patients 
who did not (1%) following nonorthopedic procedures. In 
contrast, Edelstein et al. [7] did not find a significant increase 
in the rate of discharge to a skilled nursing facility for patients 
who developed delirium after hip fracture repair.

There is general agreement, however, that postoperative 
delirium is associated with worse functional recovery, as 
demonstrated by decline in basic activities of daily living at 
1 [10] and 12 months [7] after treatment of hip fracture, and 
with a higher risk of death in the 6–12 months following 
operation [6, 7].

Etiology, Risk Factors, and Precipitating Factors

The underlying mechanisms of delirium are uncertain. 
However, it appears to represent an imbalance between central 
nervous system cholinergic and dopaminergic activity. The 
predominant theory is that underactivity of cholinergic system 
coupled with excessive dopaminergic activity can lead to 
delirium. This is supported by precipitation of delirium through 
use of anticholinergic or dopaminergic medications [11].

Delirium is the end result of a complex interaction between 
risk factors and precipitating events. Furthermore, in similar 
situations, similar patients may not necessarily develop 
delirium. A key component in preventing postoperative 
delirium is recognition of at-risk patients. The preoperative 
evaluation should include a detailed cataloging of the 
common risk factors noted in Table  29.3. The risk factor 
with the strongest association with development of postop-
erative delirium is preoperative cognitive impairment [12]. 

Table 29.1  Postoperative complications in elderly patients

Age

<80 (n = 568,263) ³80 (n = 26,648)

Morbidity % Complication

³1 complication 12.1 20.0

Respiratory complications
Pneumonia 2.3 5.6

>48 h on ventilator 2.1 3.5

Required reintubation 1.6 2.8

Pulmonary embolism 0.2 0.4

Urinary tract complications
Urinary tract infection 2.2 5.6

Acute renal failure 0.4 0.6

Progressive renal failure 0.4 1.0

Cardiac complications
Myocardial infarction 0.4 1.0

Pulmonary edema 0.6 1.0

Cardiac arrest 0.9 2.1

Wound complications
Deep wound infection 1.4 1.3

Superficial wound infection 1.9 1.7

Wound dehiscence 0.9 0.9

Nervous system complications
Cerebrovascular accident 0.3 0.7

Coma > 24 h 0.3 0.3

Peripheral nerve injury 0.3 0.3

Other complications
Systemic sepsis 1.2 2.0

Bleeding requiring >4 units  
blood

1.0 1.5

Prolonged ileus 1.2 1.7

Deep-vein thrombosis 0.4 0.6

Graft or prosthesis failure 0.5 0.4
Source: Reprinted from Hamel et al. [2], with permission from Wiley 
Blackwell

Table 29.2  Rates of delirium following selected procedures

Procedure Rate (%)

Cardiac surgerya 48
Aortic surgeryb 30–50
Vascular bypassb 29
Cataract surgeryc <5
Hip surgery (elective)b 4–15
Hip surgery (emergency)b 19–44
Colorectal surgeryd 38
a Data from Rudolph JL et al (2009) Circulation
b Data from Dasgupta and Dumbrell [12]
c Data from Milstein A et al (2002) Int Psychogeriatr
d Data from Beaussier M et al (2006) Reg Anesth Pain Med
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Unfortunately, this and many of the other risk factors cannot 
be modified in the preoperative setting prior to elective oper-
ation. However, reduction in the severity of individual risk 
factors, such as visual and hearing impairment and immobil-
ity, has been shown to reduce the incidence of delirium [13]. 
In addition to risk factors noted in the table, the presence of 
preoperative pain is a risk factor for postoperative delirium 
[14]. This is a factor that can be mitigated prior to operation 
using an appropriate clinical strategy. Specifically, use of 
oral instead of intravenous analgesia is associated with lower 
rates of postoperative delirium in elderly patients.

During the perioperative period, the most important strat-
egy to prevent delirium is to actively monitor, treat, and avoid 
the precipitating factors. Each precipitating factor is a marker 
for a risk factor, has the potential to increase the severity of 
risk factors, or can lead to development of complications for 
which delirium may be a sign. Use of physical restraints and 
bladder catheters both lead to immobilization. In addition, 
indwelling bladder catheters predispose to urinary tract 
infection, which can precipitate delirium. Factors that alter 
sensorium, such as sleep deprivation or disruption, medica-
tions, or neurologic events, can also precipitate delirium. It 
should be noted that neurologic events are an unusual, but 
often sought, cause of postoperative delirium.

Diagnosis

Delirium is distinguished from dementia by its acute onset 
and fluctuating course. Other components include inattention 
with the inability to focus, disorganized thinking, and altered 
level of consciousness. Although most clinicians are familiar 
with the agitated or hyperactive state of delirium, the condi-
tion can also present as somnolence. This can lead to misdi-
agnosis and attribution to other causes. The Confusion 
Assessment Method as proposed by Inouye [15] is a validated 
method to diagnose delirium. It requires the presence of 
acute onset with a fluctuating course and inattention. Either 
disorganized thinking or altered level of consciousness must 

also be present to confirm the diagnosis. The presence or 
absence of each component is obtained by history or testing. 
Acute onset and fluctuating course are confirmed by direct 
observation or in the case of patients presenting with delir-
ium through history from family and/or care providers. 
Inattention can be tested using simple tests such as counting 
backward (by threes or sevens) or naming months in reverse 
order. Disorganized thinking is noted on interviewing the 
patient. The patient will have rambling speech and/or illogi-
cal flow of ideas. He or she may switch between subjects of 
conversation unpredictably. Altered level of consciousness is 
defined as reduced clarity of surroundings – either lethargy/
somnolence or hyperactivity/mania.

Evaluation and Treatment

Initial evaluation of patients with postoperative delirium is 
focused on assessing etiology and stabilizing the patient. 
Review of the preoperative history, including functional 
assessment and medications, is critical. The presence of 
risk factors as outlined should be determined. Possible pre-
cipitating factors should also be sought. A mnemonic for 
etiologies of acute confusion in surgical patients is shown in 
Table 29.4.

In those instances when postoperative delirium occurs, 
treatment is directed at identifying the underlying cause, 
providing supportive care and controlling symptoms 
(Fig. 29.1). Delirium is often a manifestation of other post-
operative complications such as occult infection, anastomotic 
leak, hypoxia, hypovolemia, or electrolyte imbalance. A thor-
ough investigation is indicated to evaluate and treat these 
possible etiologies. Unfortunately, a single, specific etiology 
is not identified in a significant number of cases. Supportive 
care includes many of the strategies used to prevent delirium 
and also includes measures to ensure airway protection, 
maintain adequate oxygenation, maintain fluid and electro-
lyte balance, and provide nutritional support. If possible, 
physical restraints should be avoided. Control of the patient’s 
symptoms includes the prevention strategies previously 
discussed. Pharmacologic intervention should be reserved 

Table 29.3  Risk factors for and precipitating factors of delirium

Risk factors Precipitating factors

Advanced age Infection
Underlying cognitive impairment Medications
Functional impairment Hypoxemia
Coexisting medical comorbidities Dehydration
Psychotropic medications Sensory deprivation
Alcohol abuse Electrolyte abnormalities
Sensory impairment Unfamiliar environment
Immobility Surgery

Neurologic events
Sleep deprivation/disruption
Use of physical restraints
Malnutrition
Use of a bladder catheter

Table 29.4  Etiology of acute confusion in surgical 
patients

I Infection
M Metabolic
C Cognitive, sensory
O Oxygenation
N Nutrition, swallowing
F Function, pharmacy, Foley catheter
U Unfamiliar environment
S Stress, pain
E Electrolytes/fluids
D Dysfunction lung, liver, kidney, brain
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for the most severe cases where patients are in danger of 
injuring themselves. Haloperidol (0.5–1 mg) is the preferred 
medication for pharmacologic intervention. Benzodiazepines 
– lorazepam is preferred – should only be used in cases of 
alcohol or benzodiazepine withdrawal.

Prevention

Strategies to prevent postoperative delirium are outlined in 
Table  29.5. Effective preventative measures involve multi-
component interventions. An early trial demonstrated a 
reduction in the number and duration of episodes of delirium 
in medical patients [13]. The interventions to prevent cogni-
tive impairment were orientation and therapeutic activities, 
prevention of sleep deprivation, early mobilization, commu-
nication methods and adaptive devices for hearing and visual 
impairment, and early intervention to treat dehydration. 
A subsequent randomized trial in patients with hip fracture 
found that geriatrics consultation with structured intervention 

reduced the rate of postoperative delirium when compared 
with standard care [16].

Studies on pharmacologic prevention of delirium have 
focused on several different medications. Randomized, pla-
cebo-controlled trials in surgical patients have evaluated the 
antipsychotic drug haloperidol [17], the cholinesterase inhibi-
tor donepezil [18, 19], and the analgesic gabapentin [20]. 
Haloperidol prophylaxis was associated with reduced severity 
and duration of delirium in patients at intermediate or high risk 

Hospital admission

Prevention of delirium
Address risk factors for delirium
Provide orienting communication
Encourage early mobilization
Use visual and hearing aids
Prevent dehydration
Provide uninterrupted sleep time
Avoid psychoactive drugs 

Perform formal cognitive assessment
Establish baseline cognitive function

Monitor cognitive function

Change in mental status

Chronic

Perform dementia evaluation

Identify and address predisposing
and precipitating factors

Obtain history  (including alcohol
    and benzodiazepine use)

Initial evaluation

Obtain vital signs
Perform physical and neuro-
   logic examination
Order selected laboratory tests
Search for occult infection

Potential contributing factor
identified

Yes No

Order laboratory tests: thyroid-function tests, measurement of drug levels, toxicology screen,
    measurement of ammonia or cortisol levels, test for vitamin B

12
deficiency and arterial

    blood  gas levels
Electrocardiography
Neuroimaging 
Lumbar puncture, electroencephalography

Acute

Perform cognitive assessment
and evaluation for delirium

Delirium confirmed

Provide supportive care and 
prevent complications

Rule out depression, mania,
acute psychosis

Manage symptoms of delirium

All patients Patients with severe agitation

Nonpharmacologic treatment
      strategies

Continue delirium prevention
Reorient patient, encourage family
     involvement

   Use sitters
   Avoid use of physical restraints and
       Foley catheters
   Use nonpharmacologic approaches
       for agitation: music, massage

   relaxation techniques
Use of eyeglasses, hearing aids,
     interpreters

Maintain patient,s mobility and
      self-care ability
Normalize sleep−wake cycle,
  discourage naps, aim for
  uninterrupted period of sleep
  at night
At night, have patient sleep in
   quiet room with low-level lighting

Pharmacologic management
  Reserve this approach for patients
       with sever agitation at risk
        for interruption of essential
        medical care (e,g., intubation)
        or for patients who pose
        safety hazard to themselves
        or staff
  Start low doses and adjust until
       effect achieved
  Maintain effective dose for
       2−3 days

 Change to less noxious
     alter-native
 Lower doses
 Nonpharmacologic approaches

Prevent complications
   Protect airway, prevent
      aspiration

Evaluate and
treat as

appropriate
for each

contributing
factor

Further options

Figure 29.1  Prevention and management of delirium (reprinted from Inouye [11]. Copyright © Massachusetts Medical Society. All rights reserved).

Table 29.5  Delirium prevention strategies

Orientation Adequate oxygenation
Avoidance of restraints Adequate pain management
Hearing aids Medication review and avoidance
Eyeglasses Adequate hydration
Family presence
Bowel and bladder regimen
Early mobilization
Adaptive equipment
Normal sleep/awake cycle
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for this complication following hip surgery. Hospital length of 
stay was also reduced; however, the incidence of delirium was 
unchanged [17]. The trials evaluating prophylactic treatment 
with donepezil also did not find a reduction in the incidence 
of delirium or a reduction in hospital length of stay [18, 19]. 
A single small study of gabapentin found reduced analgesic 
requirements and a reduced incidence of delirium in patients 
undergoing spine surgery when compared with placebo [20].

Falls

Greater than one third of persons 65 years of age and older 
fall each year [21]. Falls are common in the postoperative 
period although they are likely to be underreported as is the 
rate of functional disability. Various risk factors for falls have 
been identified including previous history of falls, dehydra-
tion, frequent toileting, cognitive dysfunction, gait distur-
bances, impaired balance and mobility, and conditions such 
as Alzheimer’s disease. Sleep apnea is known to cause sleep 
fragmentation and daytime drowsiness, leading to a higher 
risk of falls [22, 23].

Behavioral disturbances occasionally require the use of 
restraints in older patients in the postoperative period. 
Restraints should be used only when clinically justified and 
with strict adherence to guidelines and required monitoring. 
Restraints do not reduce the incidence of falls. In a case con-
trol study, patients with restraints were more likely to fall 
than those without restraints [24].

Fall risk should be judged preoperatively by assessing the 
patient’s ability to ambulate and by inquiring about any his-
tory of falls in the recent past, both from the patient and fam-
ily. Those with a history of falls and difficulty ambulating 
can be referred for perioperative physical therapy. A history 
of problem alcohol drinking is also associated with increased 
fall risk [25].

The “Get Up and Go” test is an excellent method to evalu-
ate mobility and balance. It requires a patient to get up from 
a chair, walk three meters, turn around, and sit down. The 
test is scored on a five-point scale with 1 = normal, 2 = very 
slightly abnormal, 3 = mildly abnormal, 4 = moderately 
abnormal, and 5 = severely abnormal. The patient is rated as 
a low fall risk (1) or a high fall risk (5) during the maneuver. 
If an elderly patient is able to accomplish the task in 20 s or 
less, they are likely to be independent in activities of daily 
living. Inability to complete the maneuver suggests a high 
risk of fall [26]. During a 6-month period following hip frac-
ture surgery, 95% of subjects who fell had a test score of 
>24 s, while 93% of patients who did not fall had scores <24. 
The limitation of this study is that a moderate functional 
capacity is needed at the time of discharge to be able to per-
form in the test [27].

Another useful test for assessment of balance and mobility 
in frail older adults is the Hierarchical Assessment of Balance 
and Mobility [28]. The Hierarchical Assessment of Bal
ance  and Mobility is designed to be sensitive to changes 
in mobility of a patient in the postoperative period. A patient’s 
mobility varies from being unable to move off pressure points 
to being able to grab the bed rail and roll and eventually 
being able to sit and ambulate. The assessment, therefore, 
measures mobility (unlimited, limited, limited with aid, one 
person hands on, one person stand-by, lying or sitting inde-
pendently, positioning self in bed, in need of positioning), 
transfers (independent, one person standing by, one person 
minimal assist, one person assist, two person assist, or total 
lift), and ambulation (stable ambulation, stable dynamic 
standing, stable static standing, stable dynamic sitting, stable 
static sitting, impaired static sitting). Interventions that can 
prevent falls in the older hospitalized patient include medica-
tion review with removal of the offending medication, ade-
quate hydration and monitoring of orthostatic blood pressure, 
management of postoperative delirium by identifying and 
treating the cause of delirium, balance and gait training, and 
adherence to a regular voiding schedule [29]. Problems with 
vision can lead to a higher incidence of falls in the postopera-
tive period. Vision aids may have been taken away preopera-
tively, and it is critical that these are returned and made 
available to the patient in the postoperative period [13].

Functional Decline

Deconditioning is a complex process of physiological change 
following a period of inactivity, bed rest, or sedentary life-
style. It results in functional losses in such areas as mental 
status, degree of continence, and ability to accomplish activi-
ties of daily living (Table  29.6). It is frequently associated 
with hospitalization and the postoperative period in the elderly. 
The most predictable effects of deconditioning are seen in the 
musculoskeletal system and include diminished muscle mass 
and decrease of muscle strength that can seriously limit mobil-
ity [30]. Deconditioning following surgery can be debilitating 
and impede functional recovery. Incontinence and constipa-
tion are consequences of deconditioning and can have a sig-
nificant impact on functional recovery and restoration of 
Activities of Daily Living (ADL).

Prolonged bed rest following surgery is a risk factor for 
functional decline [31]. In a study of 223 patients older than 
75 years of age who underwent elective surgery for gastric 
and colorectal cancers, 24% of patients showed a decrease in 
activities of daily living (ADL) at 1 month following sur-
gery. However, only 3% of patients showed a decline at 6 
months. This suggests that older patients are able to attain 
functional independence and also report better quality of life 
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after surgery [32]. Patients who show signs of functional 
decline in the early postoperative period benefit from early 
physical therapy consultation and discharge to a skilled nurs-
ing facility or to a nursing home until satisfactory recovery. 
A study conducted in patients in intensive care units and 
ranging from 40 to 70 years have shown that initiation of 
early physical therapy was safe in older adults, did not 
increase cost, and decreased length of stay in the intensive 
care unit as well as hospital length of stay [33]. Another 
study in patients between 36 and 69 years of age also showed 
that whole-body rehabilitation – consisting of interruption of 
sedation – and physical and occupational therapy in the ear-
liest days following a critical illness resulted in better func-
tional outcomes at hospital discharge [34].

Cognitive impairment has been shown to be associated 
with poor rehabilitation outcomes and increased surgical 
mortality [35], and dementia is also a predictor of functional 
disability [36]. Older patients with preexisting chronic renal 
disease are more likely to be frail and also have a higher risk 
of developing functional limitation and disability [37, 38]. 
This may be secondary to a heightened inflammatory state in 
chronic renal disease [39].

Other General Complications

Infection

Postoperative infections are an important cause of morbidity 
and mortality in elderly patients. Although little is known 
about specific decreases in immunologic competence, 

elderly patients may have diminished immune function, 
predisposing them to infection [40]. The most common sites 
of postoperative infection are the urinary tract, lungs, and 
surgical site [40].

Urinary tract infection (UTI) is typically due to prolonged 
bladder catheterization. Up to 25% of hospitalized patients 
have urinary catheters inserted; of these, 10–27% develop 
UTIs [41]. Eighty percent of nosocomial UTIs are associated 
with the use of urethral catheters [41] The need for catheter-
ization is increased in elderly patients for several reasons 
including medication side effects, preexisting incontinence, 
prostatism, and decreased mobility, all of which hinder uri-
nation [40]. Symptoms of UTI in the elderly may be subtle. 
Postoperative confusion may be the first and only sign of a 
UTI [40].

As UTIs are associated with significant morbidity and 
excess hospital cost [42], methods to decrease this complica-
tion are warranted. Silver impregnated catheters have been 
shown to reduce the risk of asymptomatic bacteriuria in 
short-term catheterization and to provide a cost savings when 
compared to standard catheters [43]. Urethral catheters 
impregnated with antibiotics (minocycline, rifampicin, nitro-
furazone) have also shown a reduction in asymptomatic bac-
teriuria for urethral catheterization of less than 1-week 
duration [43]. However, as the inappropriate use of urinary 
catheters in the elderly has been documented [44] and the 
risk of UTI increases with increasing duration of catheteriza-
tion [45], avoidance of catheterization if possible and early 
removal of the catheter are important steps in preventing uri-
nary tract infections postoperatively [40].

Nosocomial pneumonia (NP) is the second most frequent 
hospital-acquired infection and is common in patients under-
going general, noncardiac surgery [46, 47]. Ventilator-
associated pneumonia (VAP) is an important subset of NP 
defined as pneumonia occurring 48–72 h after endotracheal 
intubation. NP is a leading cause of postoperative mortality 
in elderly patients [46]. Although NP in older patients does 
not have distinctive features or a different management 
approach when this illness arises in younger patients [48], 
certain risk factors including age and functional status render 
the elderly vulnerable for developing NP. Underlying comor-
bid conditions, malnutrition, and impaired immune function 
may increase the mortality associated with postoperative 
pneumonia in the elderly [40]. Nasogastric tubes, tracheal 
intubation, dementia, aspiration (see section “Pulmonary 
Complications”), recent chest or abdominal surgery, and 
immobility are additional risk factors [40, 46].

NP is diagnosed using clinical criteria such as fever, puru-
lent sputum, leukocytosis, and the presence of new infiltrates 
on chest radiography combined with a quantitative lower 
respiratory tract specimen positive for organisms. The early 
and appropriate initiation of antibiotic therapy for the treat-
ment of NP has been shown to decrease mortality [47]. 

Table 29.6  Immobility, deconditioning, and functional decline

Musculoskeletal Metabolic
Atrophy Negative nitrogen balance
Contractures Impaired glucose tolerance
Bone loss (osteoporosis) Altered drug pharmacokinetics

Cardiovascular Genitourinary
Deconditioning Infection
Decreased plasma volume Retention
Orthostatic hypotension Bladder stones
DVT and PE Incontinence

Pulmonary Psychological
Atrophy Sensory deprivation
Contracture Delirium/dementia
Bone loss Depression

Gastrointestinal Skin
Anorexia Pressure ulcers
Constipation
Impaction/incontinence
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Because inappropriate initial antibiotic therapy leads to 
worsened outcomes, broad-spectrum empiric antibiotics are 
used at first, and therapy is then tailored based upon final 
culture results and sensitivities. Strategies to reduce the risk 
of NP include standard precautions like hand washing and 
the use of personal protective equipment among health care 
providers; aspiration prevention methods (see section 
“Pulmonary Complications”) including the use of endotra-
cheal tubes with a dorsal lumen for drainage of tracheal 
secretions in the subglottic area; and early ambulation, deep 
breathing, and the use of incentive spirometry [49].

Surgical site infection (SSI) is a significant postoperative 
complication. SSI is the most common nosocomial infection 
in surgical patients, accounting for 38% of nosocomial 
infections in this patient population [50]. Not only is there 
substantial morbidity and mortality associated with SSI but 
the economic costs to the patient and health care delivery 
system are also high [51]. SSI is an infection that occurs 
somewhere in the operative field after a surgical interven-
tion. Risks of developing SSI include those related to the 
operative procedure as well as patient-specific risks. 
Advanced age is considered a host-derived risk factor for 
surgical site infection [52]. In an analysis of deep incisional 
and organ/space surgical infections, elderly patients with 
these infections had longer hospitalizations, more frequent 
readmissions, and almost double the hospital charges as 
compared to elderly patients without postoperative infec-
tions. Most significantly, the elderly patients with these 
postoperative infections had a death rate that was more than 
three times that of the elderly patients without postoperative 
infections [53].

SSI is caused by organisms introduced into the surgical 
wound at the time of the operative procedure [51]. Most of 
these organisms originate from the patient’s own flora, but 
exogenous sources of bacteria may also lead to infection. 
The implementation of proven surgical infection preventive 
practices such as appropriate antibiotic selection and 
administration, intraoperative maintenance of normo-
thermia, the avoidance of shaving the surgical site until just 
prior to incising the skin, and ensuring perioperative eugly-
cemia has been demonstrated to reduce the incidence of 
surgical site infection by 27% [52, 54]. Vigilant surveil-
lance of surgical wounds postoperatively is necessary to 
ensure the early diagnosis and treatment of a wound infec-
tion, characterized by erythema at the wound edges and the 
presence of purulent drainage involving the wound or organ 
space. Treatment of SSI involves opening the incision and 
allowing adequate drainage. The use of antibiotics is dis-
couraged unless there are systemic signs of infection. If 
antibiotics are to be used, the choice should be determined 
by the most likely pathogens for the operative procedure 
performed [51].

Complications of Specific Organ Systems

Cardiac Complications

Myocardial Ischemia and Infarction

Major cardiovascular complications following noncardiac 
surgery occur in over one million patients per year; many of 
these occur in elderly patients [55]. Cardiac events such as 
myocardial infarction or cardiac death occur in 1–5% of 
patients undergoing noncardiac surgery [56, 57]. Posto
perative cardiovascular complications substantially increase 
the risk of other complications and death [58]. In one study, 
patients with cardiac complications were six times more 
likely to suffer a noncardiac complication than were those 
without cardiac complications [59]. At least 10% of all peri-
operative deaths result from myocardial complications [60].

The most common cardiac complications associated with 
surgery in elderly patients are myocardial ischemia and myo-
cardial infarction [61]. In a study of 4,315 patients of 50 
years of age and older who underwent nonemergent major 
noncardiac procedures, patients aged 70 years and older had 
a higher risk for cardiac complications including unstable 
angina and myocardial infarction, compared to patients 
younger than 60 years [62]. The elderly are also more likely 
to have heart failure associated with the myocardial infarc-
tion [63]. The mortality associated with perioperative myo-
cardial infarction is approximately 30% [60].

Preexisting hypertension, diabetes mellitus, and history 
of cardiac or renal failure contribute to a higher incidence of 
perioperative myocardial infarction (5.1%), cardiac death 
(5.7%), or ischemia (12–17.7%) in elderly patients [61, 64]. 
Patients with coronary artery disease have a 4.1% incidence 
of perioperative myocardial infarction. The perioperative 
reinfarction rate in patients older than 65 years is 5.5% [61], 
compared to a 3.5–4.2% perioperative reinfarction rate in the 
general population. Additional risk factors in the elderly 
include the need for emergency surgery, major surgical pro-
cedures, American Society of Anesthesiologists (ASA) 
physical status III or IV, and poor nutritional status [61].

A large number of perioperative myocardial infarctions 
occur during the first 3 days after surgery, particularly on the 
1st postoperative day [65, 66]. Although chest pain is the 
most common presenting symptom of myocardial ischemia 
in young patients, elderly patients may not experience chest 
pain. Myocardial ischemic events are silent in over 80% of 
elderly patients [66, 67]. Detecting episodes of ischemia dur-
ing the postoperative period is often missed because of inci-
sional pain, residual anesthetic effects, postoperative 
analgesia, and the lack of typical angina pain by elderly 
patients [66]. Atypical symptoms such as tachycardia, 
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hypotension, dyspnea, respiratory failure, syncope, confu-
sion, nausea, and excessive hyperglycemia in diabetics are 
more common presentations of myocardial ischemia in the 
elderly [60, 64, 66].

Monitoring for specific electrocardiographic changes, such 
as ST segment elevation and Q waves, accompanied by ele-
vated CK, CK-MB isoenzyme, and troponin T and I levels 
enables the diagnosis of myocardial infarction [61]. 
Postoperative ST-segment changes more commonly demon-
strate depression than elevation, and most myocardial infarc-
tions are non-Q wave. This differs from what is seen in the 
nonsurgical setting, suggesting that perioperative myocardial 
infarctions are more often related to prolonged ischemia rather 
than acute thrombotic occlusion [66]. As such, EKGs should 
be obtained in the early postoperative period and between the 
3rd and 5th postoperative days in high-risk patients [48].

Noncardiac surgery intensifies myocardial oxygen demand 
by raising catecholamine concentrations, resulting in an 
increased heart rate, blood pressure, and free fatty-acid con-
centrations. b-adrenergic blockers attenuate the effects of 
increased catecholamine levels and prevent perioperative 
cardiovascular complications [55]. In a large observational 
study, the perioperative administration of b-blockers was 
associated with clinically significant reductions in mortality 
among surgical patients considered at moderate or high risk 
for major cardiovascular complications based upon their 
Revised Cardiac Risk Index score. However, b-blockers were 
of no significant benefit – and were possibly harmful – in 
patients at low risk, suggesting that careful patient selection 
remains necessary [58].

b-blockade may have additional benefits in elderly 
patients. In one study, patients who received b-blockers were 
extubated sooner, had lower analgesic requirements, and 
were more alert sooner after surgery [57]. Prophylactic 
b-blocker therapy may attenuate the impact of myocardial 
infarction, resulting in lower in-hospital mortality rates [65].

Potential harmful effects from b-blockers include brady-
cardia, hypotension, bronchospasm, and congestive heart 
failure [38, 55, 57]. The use of perioperative b-blockade in 
patients who had not been receiving b-blockers long-term 
may also pose an additional risk in that withdrawal of 
b-blockers may lead to adrenergic hypersensitivity and pos-
sibly worsen outcomes [68].

Dysrhythmias

Dysrhythmias have been shown to increase postoperative 
cardiac morbidity in elderly patients [69]. Postoperative 
atrial arrhythmias are seen in 6.1% of elderly patients under-
going noncardiac surgery [70]. Electrolyte disturbances and/
or increased sympathetic nervous system activity in the peri-
operative period may lead to cardiac dysrhythmias, although 

myocardial ischemia or congestive heart failure must be 
considered [71].

To date, the only consistent preoperative risk factor for an 
increased incidence of atrial arrhythmias following surgery 
has been an age of 60 years or older [72]. In patients under-
going elective thoracic surgery, those aged 60 years or older 
were independently associated with development of atrial 
fibrillation [70]. Patients who developed postoperative pneu-
monia or acute respiratory failure were also at risk [70].

The timing of the onset of atrial arrhythmias is similar to 
that of postoperative myocardial ischemia and likely is 
related to autonomic nervous system imbalance [72]. These 
arrhythmias may also be precipitated by pulmonary disease 
such as pneumonia or pulmonary embolism, volume over-
load, hyperthyroidism, or sympathomimetic drugs. Atrial 
arrhythmia-onset peaks 2–3 days following surgery. Although 
usually well tolerated in younger patients, perioperative 
atrial arrhythmias can be associated with hemodynamic 
instability in elderly patients [72]. The complications of 
atrial fibrillation include stroke and congestive heart failure 
[73]. Atrial fibrillation is also associated with higher inpa-
tient mortality when accompanied by myocardial infarction 
(25% vs. 16%) [73].

Management of atrial fibrillation consists of heart rhythm 
and rate control and prevention of thromboembolism. 
Although approximately 85% of atrial arrhythmias revert to 
sinus rhythm with rate-or rhythm-control strategies during 
hospitalization, recent data suggest that rhythm control by 
pharmacologic means or direct current electrical cardiover-
sion offers little advantage to a rate-control strategy [72]. 
Atrial fibrillation responds well to intravenous rate control 
drugs such as b – and calcium-channel blockers [72]. 
b-blockers are preferred in patients who have ischemic heart 
disease but may be relatively contraindicated in patients with 
severe bronchospastic disease, congestive heart failure, 
severe sinus bradycardia, or high-degree atrioventricular 
block [72]. In patients who have Wolff–Parkinson–White 
syndrome with atrial fibrillation, amiodarone is recom-
mended as first-line therapy [72]. Digoxin should be used as 
a first-line drug only in patients who have congestive heart 
failure because of its ineffectiveness in high-adrenergic states 
such as the perioperative period [72]. As it relates to throm-
boembolism, oral vitamin K antagonists and aspirin reduce 
the stroke risk by 68 and 21%, respectively [74]. In the peri-
operative period, the decision to use bridging anticoagula-
tion with heparin and the timing of resuming anticoagulation 
postoperatively are dependent on risk of thromboembolism. 
Clinical prediction rules such as the Congestive Heart 
Failure-Hypertension-Age > 75-Diabetes-Stroke (CHADS

2
) 

assist in risk stratification [75]. CHADS
2
 estimates the risk 

of stroke by assigning one point for each of the five included 
conditions except stroke, which is assigned two points. The 
total score ranges from zero to six points; aspirin therapy is 
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recommended for thromboembolism prevention for low-risk 
patients (<5% risk per year; CHADS

2
 0–2), whereas oral 

vitamin K antagonists are prescribed with higher risk patients 
(>5% risk per year; CHADS

2
 3–6) [76, 77].

Significant, sustained ventricular arrhythmias (ventricular 
tachycardia, ventricular fibrillation, torsade de point) occur 
less frequently than atrial arrhythmias perioperatively [70, 
73]. In a study of patients undergoing major thoracic surgery 
with continuous postoperative electrocardiographic monitor-
ing for 72 h, nonsustained ventricular tachycardia occurred in 
15% of patients [76]. None of the patients required treatment 
for hemodynamic compromise. Postoperative atrial fibrilla-
tion was independently associated with ventricular tachycar-
dia. This association between atrial and ventricular arrhythmias 
suggests that similar mechanisms may have a role in precipi-
tating postoperative ventricular tachycardia [76].

Congestive Heart Failure

Congestive heart failure is present in 10% of individuals over 
65 years of age and is a leading cause of postoperative mor-
bidity and mortality following surgical procedures [69]. 
Preexisting congestive heart failure is associated with a two- 
to fourfold increase in postoperative cardiovascular compli-
cations, including myocardial infarction, supraventricular 
and ventricular dysrhythmias, hypotension or hypertension, 
and cardiac arrest [69, 78]. Heart failure can arise from any 
condition that compromises the contractility of the heart 
(systolic heart failure) or that interferes with the heart’s abil-
ity to relax (diastolic heart failure) [79].

Risk factors for postoperative heart failure included pre-
operative symptomatic cardiac disease, male sex, and age ³ 90 
in one study of elderly patients with hip fracture undergoing 
operative repair [80]. Manifestations of postoperative heart 
failure usually occur within the initial 3 postoperative days 
[81]. Patients found to be in pulmonary edema postopera-
tively should be assessed for myocardial ischemia. This 
includes cardiac monitoring, electrocardiography, and serial 
cardiac enzyme measurements.

The treatment of postoperative heart failure with pulmo-
nary edema, whether from systolic or diastolic dysfunction, 
differs little from the general management of heart failure. 
Angiotensin-converting enzyme inhibitors and diuretics are 
first-line therapy. In patients with acute decompensated heart 
failure, angiotensin-converting enzyme inhibitor therapy 
may need to be held, reduced, or discontinued if hypotension 
is a concern. In the presence of diuretic usage, electrolyte 
abnormalities (e.g., potassium, magnesium) should be diag-
nosed and corrected. b-blocker therapy can be used in heart 
failure secondary to myocardial ischemia unless hypotension 
precludes its usage. Digoxin is first-line therapy in heart fail-
ure associated with atrial fibrillation [78].

Pulmonary Complications

Pulmonary complications account for up to 40% of postop-
erative complications and 20% of potentially preventable 
deaths [82]. Postoperatively, pulmonary complications occur 
in 2.1–10.2% of elderly patients and include atelectasis, 
hypoxemia, hypoventilation, acute respiratory distress syn-
drome, and pneumonia. Development of these complications 
is associated with prolonged intensive care unit stay and 
increased mortality [61]. Increased age elevates the odds of 
developing a postoperative pulmonary complication nearly 
twofold [83]. Compared with patients younger than 60 years 
of age, patients of 70 years of age and above had a higher risk 
of respiratory complications including bacterial pneumonia, 
noncardiogenic pulmonary edema, and respiratory failure 
requiring intubation in one study [62].

Age-related alterations in pulmonary function combined 
with postoperative pulmonary pathophysiologic changes 
place the elderly patient at greater risk for complications 
[82]. The physiologic changes of aging lead to decreased 
lung volumes, expiratory flow rates, and oxygenation. Upper 
airway reflexes are also reduced, leading to loss of ability to 
clear secretions [82].

Clinical predictors of adverse pulmonary outcome include 
the site of surgery (chest, abdomen), duration and type of 
anesthesia, chronic obstructive pulmonary disease (COPD), 
asthma, preoperative hypersecretion of mucus, chest defor-
mation, and perioperative nasogastric tube placement [61, 
84]. In one multivariate analysis, postoperative nasogastric 
intubation was the single most important variable associated 
with postoperative pulmonary complications [85].

Aspiration

The process of deglutition involves a complex coordination 
of neuromuscular structures during its oral, pharyngeal, and 
esophageal phases [86]. Age-related changes affect each 
phase of the swallowing process, increasing the risk of aspi-
ration in the elderly [86]. Aspiration, defined as the inhala-
tion of oropharyngeal or gastric contents into the larynx and 
lower respiratory tract, is a prerequisite for aspiration pneu-
monia [86]. Other alterations with aging that contribute to 
aspiration pneumonia include a change of oropharyngeal 
colonization to pathogenic organisms, decreased immunity, 
and impaired pulmonary clearance [86].

The presence of other risk factors in the elderly make 
them particularly susceptible to oropharyngeal aspiration 
including dysphagia, poor oral hygiene, altered level of con-
sciousness, and gastroesophageal reflux disease [60, 86] (see 
Table 29.7). As such, efforts to reduce postoperative aspira-
tion in the elderly are indicated [87]. Elderly patients with 
signs and symptoms of dysphagia and recurrent pneumonia 
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require an assessment of swallowing function. Patients found 
on evaluation to be aspirating may require swallow therapy, 
modification of dietary consistency, upright positioning 
while feeding, and medications shown to improve dysphagia 
such as angiotensin-converting enzyme inhibitors, which 
prevent the breakdown of substance P, a neurotransmitter 
believed to play a role in the swallowing pathway [86, 88].

Respiratory Failure

Postoperative respiratory failure (PRF), the inability of the 
patient to be extubated within 48 h after surgery or the need 
for reintubation after postoperative extubation [89, 90], ranks 
first among the most serious postoperative pulmonary com-
plications. The incidence of PRF in patients older than 65 
years is estimated to be 3.85 per 1,000 elective surgery dis-
charges compared to 1.41 per 1,000 elective surgery dis-
charges in people aged 18–44 [91]. Risk factors for PRF 
include those that are patient-specific and operation-specific 
[89]. Age greater than 60 years, functional status, comorbidi-
ties, and severity of illness make up patient-specific risk fac-
tors. Operation-specific risk factors consist of the location of 
the incision in relation to the diaphragm, type of anesthesia 
administered, and the need for an emergent procedure [89]. 
Pneumonia, pulmonary edema, systemic sepsis, and cardiac 
arrest are postoperative pulmonary complications associated 
with PRF [89].

In patients with PRF, mechanical ventilation is used to 
improve gas exchange, to decrease work of breathing which 
can utilize as much as 50% of oxygen consumption, and to 
support fatigued respiratory muscles [91]. Different methods 
of ventilatory support are available to accomplish these 
goals. Positive end-expiratory pressure (PEEP) improves 
oxygenation by recruiting atelectatic areas of the lung. The 
use of PEEP leads to an increase in oxygenation by reducing 
intrapulmonary shunting [91].

Ultimately, an assessment has to be made to determine the 
timing of discontinuing ventilator support. This weaning 
process may be difficult in patients recovering from severe 
respiratory failure and prolonged mechanical ventilation. In 
a study to determine the major cause of planned extubation 

failure in critically ill elderly patients, inability to handle 
secretions was the most common airway cause of failure 
compared to upper airway obstruction in a younger group 
matched for severity of illness [92]. Traditional weaning 
parameters such as rapid shallow breathing index, negative 
inspiratory force, and minute ventilation were not predictive 
of elderly patients who ultimately failed extubation [92]. The 
in-hospital mortality for the elderly patients that failed extu-
bation was 47% compared to 20% for the patients success-
fully extubated [92].

The need for early tracheostomy in elderly patients pre-
dicted to require prolonged intubation is controversial. 
Potential benefits of early (after 3–7 days of continuous ven-
tilatory support) tracheostomy include improved patient 
comfort, decreased incidence of ventilator associated pneu-
monia (VAP), and decreased ICU and hospital lengths of 
stay. A recent retrospective cohort study of ventilated patients 
of 65 years or older was undertaken to compare outcomes in 
patients with more (late group) or less (early group) than 7 
days of continuous ventilation who underwent tracheostomy 
[93]. The early tracheostomy group had shorter ICU and hos-
pital admission time, decreased incidence of VAP, and a trend 
toward decreased mortality [93]. This study also demon-
strated the ability to transfer elderly patients with tracheos-
tomy to ventilator step-down units. Given the growing elderly 
population and need for ICU beds, early tracheostomy may 
permit more efficient usage of a valuable resource [93].

Prevention of Pulmonary Complications

Prevention of postoperative pulmonary complications in the 
elderly begins during the preoperative period. Assessing 
patients for sputum production is important as a productive 
cough correlates with respiratory failure [90]. Smoking ces-
sation 8 weeks prior to the operation has been shown to 
improve mucociliary function and promote sputum clearance. 
The use of bronchodilators can aid expectoration. Providing 
instruction preoperatively on deep breathing exercises and 
the use of incentive spirometry facilitate the utilization of 
these maneuvers postoperatively when anesthesia and seda-
tives may decrease awareness and hinder education [90].

Postoperatively, an aggressive pulmonary toilet regimen 
is necessary to reduce pulmonary complications. Of utmost 
importance is adequate pain control. Splinting from inade-
quate pain control restricts lung expansion, limits cough to 
clear secretions, and leads to an increased risk for atelectasis, 
pneumonia, and hypoxia [69]. However, avoidance of exces-
sive sedatives and narcotics is equally important. Appropriate 
analgesia will facilitate deep breathing and coughing, incen-
tive spirometry, chest physiotherapy, and early ambulation 
[69, 82, 85].

Table 29.7  Risk factors for aspiration

Altered consciousness Advanced age

Alcohol Dysphagia
Substance abuse Gastrointestinal motility disorders
Sedatives Gastroesophageal reflux disease
Anesthesia Recurrent emesis
Head trauma Supine position
Seizures Nasogastric tube
Other neurological disorders Endotracheal intubation
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Venous Thromboembolism

Venous thromboembolism (VTE) disproportionately affects 
the elderly [94]. Age is a well-accepted risk factor for VTE, 
with a mean age of approximately 60 years based on several 
studies. There is a linear increase in the prevalence of deep 
venous thrombosis and pulmonary embolism with age [95]. 
Ninety percent of all pulmonary emboli are estimated to 
occur in patients over age 50 [82]. The elderly are more 
likely to have prior recent hospitalization, atherosclerosis, 
heart failure, frailty, and immobility as factors responsible 
for their increased prevalence of VTE [94, 96].

For surgical patients, age over 60 years is associated with 
a high risk for postoperative VTE [94]. In these older patients 
not receiving prophylaxis, the incidence of proximal deep 
venous thrombosis is 4–8% and of PE is 2–4% [95]. These 
numbers are twice as high in high-risk categories that include 
cancer surgery, joint replacement, previous VTE, and trauma 
[94]. Because the elderly have a higher bleeding risk when 
treated with anticoagulants, a balance has to be achieved 
between optimal VTE prevention and the risk of bleeding 
complications [94, 97]. Care should be exercised with the 
use of anticoagulants in patients with creatinine clear-
ance < 30 ml/min and serum creatinine > 2 mg/dl in that the 
pharmacokinetics of these medications may be affected, 
thereby increasing the bleeding risk [94].

Early ambulation can decrease the incidence of venous 
thrombosis with pulmonary embolus. Unfortunately, owing 
to comorbidity or deconditioning, elderly patients are fre-
quently unable to accomplish this simple exercise [85]. 
Mechanical prophylactic measures to prevent VTE include 
graded compression stockings, intermittent pneumatic com-
pression, and venous foot pumps. These devices are attrac-
tive in that they are efficacious and are void of bleeding risk. 
Compliance with these devices may not be optimal, however, 
because of patient discomfort [94]. Alternatively, the admin-
istration of pharmacologic prophylaxis can be verified in the 
medical record, and its use does not discourage ambulation 
[94]. Perioperative prophylaxis with unfractionated or low-
molecular-weight heparin offers a cost-effective means of 
reducing the risk of VTE, thereby avoiding a number of post-
operative deaths [82]. In high-risk bleeding patients, mechan-
ical prophylactic measures may be all that is available.

Anemia

Preoperative anemia, characterized by less than the normal 
number of red blood cells (RBC), may be secondary to 
decreased production, increased destruction, or increased 
loss [98]. The World Health Organization has defined anemia 

as a hemoglobin count of less than 13 g/dl in adult men and 
less than 12  g/dl in nonpregnant women [98]. In elderly 
patients undergoing surgery, perioperative blood loss leading 
to or exacerbating anemia leads to increased morbidity and 
mortality, but the correction of anemia with RBC transfu-
sions is fraught with debate [98–102].

RBC transfusions can be associated with transfusion 
complications, immunosuppression, and increased bacterial 
infections in hip fracture patients [98–101]. Conversely, 
perioperative anemia in the elderly may represent a further 
physiological insult due to increased cardiac demand and 
potential tissue hypoxia [100]. As such, the appropriate 
transfusion threshold in the elderly that would limit risk and 
optimize benefit would be advantageous.

Restrictive (transfusion for hemoglobin less than 7 g/dl) 
and liberal (transfusion for hemoglobin less than 10  g/dl) 
transfusion thresholds have been advocated in an attempt to 
balance the risks and potential benefits of RBC transfusion. 
In a randomized clinical trial comparing restrictive and lib-
eral transfusion thresholds, critically ill patients in the restric-
tive group had similar mortality, and fewer patients developed 
myocardial infarction and congestive heart failure [98]. 
Caution should be exercised in extrapolating these results to 
an elderly population. In the elderly, anemia may impede 
functional mobility after hip surgery [100]; it may be associ-
ated with increased cardiovascular complications [101], 
mortality [101], and postoperative delirium [100] and may 
negatively impact quality of life [99]. Additional, well-
designed randomized studies are needed to determine the 
optimal transfusion trigger in the elderly.

Urinary and Renal Dysfunction

Postoperative urinary retention is a frequent complication 
after surgery especially in elderly males. Although it is not a 
life-threatening complication, treatment with bladder cathe-
terization puts patients at risk for urinary tract infection and 
its attendant complications. In one report, 69% of males 
undergoing hip arthroplasty required postoperative bladder 
catheterization [103]. Using logistic regression, the predicted 
probability of catheterization was 85% in males aged 70 
years and older. In addition to age and male gender, intraop-
erative fluid requirement [104], operative duration, operation 
for rectal tumor, and postoperative pelvic infection [105] are 
associated with postoperative urinary retention. On the basis 
of the above noted studies, it would seem reasonable to rec-
ognize the risk factors for postoperative urinary retention 
and working to militate against those factors. Factors associ-
ated with postoperative urinary retention in elderly patients 
are outlined in Table 29.8.



372 S.A. Lagoo-Deenadayalan et al.

Aging is associated with decreased renal cortical mass 
and a 30–50% decrease in the number of functioning glom-
eruli by the seventh decade [106]. This results in decreased 
creatinine clearance and decreased maximal urine concen-
trating capacity. Loss of muscle mass in the elderly patient 
can result in normal serum creatinine even in patients with 
decreased renal function. Creatinine clearance is a more 
accurate measure of renal function and estimated glomerular 
filtration rate based on the Cockcroft/Gault equation corre-
lates well with creatinine clearance.

Chronic renal disease is prevalent in 11–25% of the 
elderly population and is an important comorbid condition in 
the perioperative period. In the general population, patients 
with chronic kidney disease are at higher risk for adverse 
outcomes such as death, cardiovascular disease, and hospi-
talizations [107]. Chronic renal disease is also associated 
with development of functional impairment [39]. Patients 
with chronic kidney disease have a higher incidence of 
hyperkalemia, infections, cardiac arrhythmia, and bleeding 
in the perioperative period [108].

Postoperative acute renal failure (ARF) is a significant 
etiology of renal failure, accounting for 25–50% of all cases 
[109–111]. However, ARF occurs infrequently after opera-
tion in elderly patients. In one study of cardiac surgery 
patients, 2.7% patients aged 70 years and older developed 
postoperative ARF [112]. In comparison, 1.9% patients 
younger than 70 years of age developed postoperative ARF. 
In contrast, another study of patients undergoing coronary 
artery bypass demonstrated a 3.2% rate of ARF in patients 
aged 80 and older; only 0.4% of patients younger than 80 
years developed ARF. A study of elderly patients undergoing 
repair of femur fracture found that 24% developed postop-
erative kidney dysfunction, but none required renal replace-
ment therapy [113].

Recovery of renal function is possible after developing 
ARF. Data on postoperative ARF are limited. A systematic 
review and meta-analysis found that approximately 30% of 
elderly patients do not recover renal function after ARF [114] 
as compared with 26% of younger patients. Despite failure to 
recover normal renal function, only 3–6% of elderly patients 
require long-term dialysis after ARF [115].

Acute renal failure in elderly patients in general and post-
operative ARF specifically is associated with a high mortal-
ity rate. The mortality rate for patients with ARF (all causes) 
is 45–75% [115]. The mortality rate for postoperative ARF 

in elderly patients in one study was 39%. In elderly patients 
undergoing cardiac surgery, postoperative renal failure was 
the most significant factor associated with postoperative 
death with an odds ratio of 4.4 [116]. In one study of patients 
undergoing cardiac surgery, the death rate in patients devel-
oping postoperative ARF was 56.1; however, there was no 
significant difference in mortality rates in the younger 
(61.9%) and older (50%) patient groups [112].

Gastrointestinal Complications

Postoperative Nausea and Vomiting

Postoperative nausea and vomiting (PONV) is a major con-
cern in surgical patients, but less so in the elderly. Important 
risk factors for PONV include female gender, nonsmokers, 
history of PONV, and the use of postoperative opioids. Each 
risk factor can be accorded a point of 1. Total scores of 0, 1, 
2, 3, or 4 are associated with a risk of PONV of 10, 20, 40, 
60, and 80%, respectively [117]. Age is not an independent 
risk factor for PONV. There is >10% decreased risk of PONV 
for every decade of age in adults, starting at age 30 [118]. 
One of the factors that could be responsible for decreased 
PONV in older adults is the decrease in the doses of anes-
thetic agents administered. In a study involving 30,842 
patients, fentanyl, propofol, midazolam, and isoflurane 
showed a 10, 8, 6, and 4% reduction in dose per decade of 
age, respectively [119]. Current consensus guidelines rec-
ommend use of regional anesthesia whenever possible as it is 
associated with a lower incidence of PONV in adults [120]. 
When general anesthesia is administered, use of propofol for 
induction and maintenance and avoidance of nitrous oxide 
can decrease the risk of PONV. Proper preoperative and 
intraoperative hydration are important in prevention of post-
operative nausea and vomiting [121]. Metoclopramide 
should not be used in the elderly due to significant CNS side 
effects such as dyskinesia, drowsiness, and agitation. 
Prophylactic antiemetics should be used based on a risk score 
and are therefore not recommended in the elderly.

Dysphagia

There is an increased incidence of dysphagia in the elderly. 
ADL score has been shown to correlate with increased swal-
lowing dysfunction [122]. Knowledge of preoperative nutri-
tional habits is important so that appropriate foods can be 
offered in the postoperative period. Lack of dentures or offer-
ing solid foods in patients who are used to pureed/soft foods 
can result in inadequate intake and compromise postopera-
tive recovery.

Table 29.8  Factors associated with urinary retention in elderly patients

Age > 55 years
Intraoperative fluids > 750 cc
Operation duration > 4 h
Procedure for middle or lower rectal tumor
Presence of pelvic drain
Postoperative pelvic infection
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Impairment of swallowing is slow to resolve following 
extubation [122], especially after prolonged ventilation. This 
increases the risk of aspiration and subsequent aspiration 
pneumonia [123]. Aspiration precautions should be rigor-
ously implemented in the postoperative period. These include 
elevation of the head end of the bed, seated position during 
meal intake, and specific food consistency.

Although it is not necessary to do a fiberoptic endoscopic 
evaluation of swallowing in all elderly patients, those with 
impaired preadmission functional status should be considered 
at high risk for aspiration and evaluated appropriately [124].

Gastroesophageal reflux disease (GERD) is common in 
elderly patients and prevalent in greater than 30% of the 
elderly population [125]. Unlike their younger counterparts, 
older patients with GERD may not complain of worsening 
symptoms. It is important to continue antireflux medications 
in the postoperative period. Proton pump inhibitors are more 
effective in elderly patients than H

2
 blockers. Administration 

of proton pump inhibitors in the immediate postoperative 
period helps not only to control GERD but also serves as pro-
phylaxis for bleeding from gastritis or peptic ulcer disease.

Postoperative Ileus

Surgical manipulation of the bowel can cause a prolonged 
postoperative ileus. Another factor in the development of 
ileus is the stimulation of opioid receptors. In a prospective 
study designed to compare surgical outcomes in patients 
greater or less than 80 years of age, the incidence of postop-
erative ileus was increased in the older patients [2]. Routine 
measures such as bowel rest, bowel decompression, and 
attention to nutrition (TPN) should be addressed.

Enhanced recovery after surgery (ERAS) is used in fast 
track surgery to reduce surgical stress response and support 
basic body functions by use of optimized analgesia, early 
mobilization, and early return to normal diet [126, 127]. This 
type of multidisciplinary intervention has been used effec-
tively following colon surgery with significant success. It has 
led to a significant decrease in postoperative ileus and a 
decrease in hospital stay [128]. Prospective randomized trials 
are still needed to evaluate the effects of fast track surgery on 
older patients. While age should not be a contraindication to 
enroll patients in such a study, it will be critical to determine 
comorbidities in this group that would limit the benefits of 
such an intervention [129]. It is possible that while ERAS pro-
grams benefit those with significant comorbidities, the benefit 
may be most evident in vulnerable subgroups such as the 
elderly [130]. An upload antagonist such as ADL 8-2698 dif-
fers from other opioid-receptor antagonists in that it is potent, 
orally active, and poorly absorbed after oral administration. 
Once absorbed, the drug has a limited ability to cross the 
blood–brain barrier. Large doses of ADL 8-2698, thus, have 

the potential to antagonize gastrointestinal opioid receptors 
nearly completely without inhibiting the beneficial analgesic 
action of systemic opioids. These antagonists are able to 
counteract the effect of morphine on the GI tract [131]. 
Selective inhibition of GI opioid receptors by a peripherally 
restricted opioid antagonist can facilitate early recovery of 
bowel function, decreased hospital stay and still provide ade-
quate pain relief [132].

Summary

As the number of elderly patients increase, they are account-
ing for a greater proportion of patients in most surgical prac-
tices. Therefore, surgeons, and all adult medical practitioners, 
must be aware of the unique complications associated with 
the surgical care of elderly patients. Because of their reduced 
physiologic reserve, elderly patients are less able to respond 
to and recover from postoperative complications. However, 
attempts to recognize, treat, and prevent these complications 
are complicated by atypical presentations.

Optimal care of elderly patients requires significant dili-
gence. The presence of comorbidities and physiology of 
aging put this population at risk for “typical” complications 
such as cardiac dysrhythmias, myocardial infarction, pneu-
monia, and surgical site infection. Equally important, but 
often less appreciated, are the “atypical” complications that 
are more prevalent in elderly patients. Delirium is such a 
complication. It is much less common in younger patients. It 
is often misdiagnosed in elderly patients. The importance of 
this lies in the fact that postoperative delirium is often the 
initial sign of another postoperative complication.

The surgical care of elderly patients can be a gratifying 
part of surgical practice. By taking appropriate measures to 
prevent complications and by remaining vigilant, the periop-
erative experience for patient, surgeon, and the health care 
team has the opportunity to be rewarding.
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Introduction

Should we admit geriatric patients to the intensive care unit 
(ICU) at all? Of course, we believe the answer to this ques-
tion is a qualified “yes”; otherwise, our chapter would be 
brief indeed. But, it is important to remember that rationing 
health care based upon age has been advocated as a strategy 
for limiting cost [1]. Refusal of ICU admission is common 
across many developed countries and has been reported to 
range between 24 and 46% of requested admissions [2–6]. In 
these studies, advanced age and previously poor functional 
status are the most common reasons for refusal to admit to 
the ICU. In 2004, Sinuf and coworkers systematically 
reviewed rationing of ICU resources and found that age and 
severity of illness were most strongly associated with a 
refusal to admit to the ICU [7]. Admission to the ICU carries 
with it a large commitment of health care resources. If we 
admit geriatric patients, how do we best allocate costly and 
limited ICU resources? At a time when the numbers of geri-
atric ICU patients [8] and the costs associated with ICU care 
are rapidly increasing, it becomes important to examine what 
outcomes can be expected if we are to provide ICU care to 
elderly patients.

Outcomes

Mortality

Mortality has traditionally been the primary outcome used to 
assess health care delivery. Mortality among elderly patients 
is substantial following hospital discharge. In a study of 
medical and surgical patients ³70 years, 1-year survival was 
56% in patients aged <85 years and 27% in those ³85 years – 

rates markedly lower than in a matched population (93%) 
[9]. Others have reported mortality rates in critically ill 
patients ³85 years of 30% at ICU discharge, 43% at 30 days 
posthospital discharge, and 64% at 1 year [10]. In addition, 
age is an independent variable in many prognostic scoring 
systems such as Acute Physiology and Chronic Health 
Evaluation (APACHE) II [11], APACHE III [12], and the 
Simplified Acute Physiology Score (SAPS) II [13].

But, chronologic age alone is not the whole story. In one 
study, the impact of age on outcome weakened as the severity 
of the acute illness (or physiologic derangement) increased 
[14]. Margulies and coworkers found ICU mortality among 
surgical patients related to severity of illness (evaluated as 
SAPS) and did not differ significantly between nonagenarians 
and younger patients when stratified for SAPS [15]. In two 
reports of patients admitted to medical ICUs, old age no 
longer predicted mortality when acute severity of illness, 
diagnosis, and prior health were taken into account [16, 17]. 
As is clear from other chapters on physiologic changes asso-
ciated with aging, the elderly are less able to maintain 
homeostasis in the face of pathologic stressors than are 
younger patients. It is to be expected, therefore, that they will 
have more marked derangements for any given “insult” (e.g., 
injury, infection, or surgical procedure) than the young. In 
other words, prognostic scoring systems which examine 
abnormal physiology such as the APACHE III or SAPS II 
should be expected to reflect increased mortality not only as 
a result of increased age but also – and perhaps more 
importantly – as a result of a decreased ability to maintain 
homeostasis.

Health-Related Quality of Life

While mortality remains an important metric for assessing 
health care, other outcomes such as quality-adjusted life 
years (QALYs), postdischarge placement status, and health-
related quality of life (HR-QOL) are becoming increasingly 
relevant. To date, the largest review of HR-QOL literature in 
elderly patients after admission to the ICU was authored by 
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Hennessy and colleagues in 2005 [18]. After an extensive 
MEDLINE review, they identified 16 studies that examined 
HR-QOL or functional status in geriatric patients after ICU 
admission. These studies included a total of 3,247 elderly 
survivors of critical care whose HR-QOL or functional status 
was assessed after ICU discharge. In their review, these 
investigators were limited in their ability to synthesize results 
across multiple studies results by study heterogeneity. For 
example, the authors found that most studies used varying 
assessments of severity of illness, chronic illness and prior 
functional status. They found a lack of consensus regarding 
definition of “elderly” and evaluation of outcomes using 
various methods and at various times. In addition, many 
studies suffer from a potential selection bias arising from 
criteria or policies for ICU admission [19]. Studies usually 
evaluate convenience samples of patients admitted to an 
ICU; information about potentially eligible patients who 
were not admitted is uncommon. Finally, most studies are 
ICU-based or institution-based rather than population-based 
and thus are limited by referral bias.

Despite limitations, these investigators found that the 
majority of published literature in this field (10 of 16 reviewed 
studies) supports the concept that aged ICU survivors main-
tain a good functional status and/or HR-QOL. There were 
some exceptions. For example, Vasquez Mata and coworkers 
found that their elderly cohort had the most reduction in 
HR-QOL as compared to a younger cohort [20]. Of note, 
Vasquez Mata used an assessment tool primarily focused on 
physical functioning without a subjective assessment of 
HR-QOL. While physical functioning plays a role in 
HR-QOL, other significant domains include social function-
ing, pain, fatigue, and ability to perform activities of daily 
living. It is possible that while physical function may decrease 
for geriatric ICU survivors, other domains may become more 
important in their overall assessment of HR-QOL. In another 
significant study, Montuclard and coworkers found that inde-
pendence in activities of daily living was significantly 
decreased for elderly ICU survivors [21]. However, their 
unique inception cohort (subjects with an ICU length of stay 
>30 days) may limit this study’s generalizability.

In the largest, single-center outcome study of geriatric 
patients who survive ICU admission (published after the 
review by Hennessy), Kaarlola and coinvestigators evaluated 
883 elderly ICU survivors and 1,827 controls [22]. They found 
that cumulative 3-year mortality was higher among the aged 
(57% vs. 40% in the control group). Most (66%) elderly non-
survivors died within 1 month of ICU discharge (Fig. 30.1).

In addition, geriatric patients had significantly fewer 
QALYs than age- and sex-matched controls. However, 97% 
of the geriatric survivors lived at home. 88% described their 
present state of health as good or satisfactory. In fact, 66% 
found it similar or better than 12 months prior, and 48% 
found it similar or better than before ICU admission.

Other Factors

The relation of age and severity of illness to mortality is 
further modified by specific diagnosis. In one study, patients 
admitted following trauma had the highest long-term sur-
vival compared to other diagnostic groups in a mixed ICU 
[23]. Age, severity of illness, and diagnosis were indepen-
dent predictors of 1-year survival in a recent study of medical 
and surgical patients ³70 years of age [9]. In a study in which 
many of the patients were admitted to the ICU following 
surgery or trauma, the survival of those who were alive 6 
months following hospital discharge approached that of an 
age-, year-, and gender- matched general population [24]. 
The interaction of prior functional status and age may also 
influence mortality. In one study, patients ³75 years of age 
who had functional limitations were six times more likely to 
die in hospital than those aged 50–64 years without limita-
tions [25]. Among patients without functional limitation, 
there was no difference in mortality between the youngest 
and oldest groups. Physical activity status and quality of life 
prior to admission were significant predictors of survival in a 
mixed ICU population with large proportions of older and 
chronically ill patients [26].

Conclusions

As age increases and functional status declines, patients may 
become more willing to accept aggressive medical therapy. 
For example, Sage and coauthors found that increasing age 
was inversely related to patients’ assessments of quality of 
life following discharge, but not to objective scores of physi-
cal and psychosocial disability [27]. These observations are 
consistent with the concept that individual and societal views 
of quality of life do not necessarily coincide in older patients, 
who may be more accepting of health-related limitations in 
life style than young patients [27, 28]. While more research 
is needed to accurately characterize the mortality and 
HR-QOL of elderly survivors of critical illness, currently, we 
believe that despite a higher mortality, aged patients with a 
reasonable preadmission functional status and severity of ill-
ness can likely be expected to benefit from ICU admission. It 
is probable that postdischarge functional status will be less 
than that of younger ICU survivors; however, elderly ICU 
survivors are likely to be satisfied with their postdischarge 
HR-QOL and may even rate it higher than preadmission. In 
the rest of this chapter, we examine common ICU-related 
problems as they relate to geriatric patients: respiratory failure, 
delirium, shock and hemodynamic monitoring, acute kidney 
injury and renal replacement therapy, nutrition, and finally 
care of the dying patient.
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Respiratory Insufficiency and Failure

Changes in Pulmonary Function Associated 
with Aging

The aging process affects every aspect of respiratory physi-
ology and oxygen transport, with important consequences 
for the geriatric patient with critical illness [29]. Pulmonary 
complications and adverse pulmonary events are common in 
elderly patient, following even elective surgical procedures 
[30–33]. The age-related changes that are most clinically 
relevant include declines in vital capacity, forced expiratory 
volume in 1 s, alveolar–arterial oxygen gradient, arterial oxy-
gen tension, and maximal oxygen consumption. Ventilatory 
responses to hypoxia and hypercarbia are blunted [34, 35] 
Also relevant for the aged surgical patient is decreased sensi-
tivity of the airways to noxious stimuli. Diminished airway 
sensitivity to stimuli such as refluxed gastric fluid in addition 
to impaired mucociliary transport and decreased cough 
strength renders the elderly patient at increased risk of silent 
pulmonary aspiration [36].

Outcomes

Outcomes of geriatric patients who require mechanical ven-
tilation have been the focus of a number of conflicting 
reports. A hospital mortality of 52% and 1-year mortality of 
63% have been identified in data compiled from multiple 
studies [19]. Age, severity of illness, comorbidity, and diag-
nosis are predictors of outcome in ventilated geriatric 
patients, as they are in elderly critically ill patients in general 
[19, 37]. In some studies, prolonged ventilation (defined as 
15 days in one study and a total score of more than 100 for 
the number of days of ventilation plus age in years in another) 
has been accompanied by poor outcomes [37, 38], whereas 
in others, the duration of mechanical ventilation has not been 
significantly related to outcome [39, 40]. In a study of 
patients with acute respiratory distress syndrome (ARDS), 
age >60 was associated with a fivefold increase in mortality, 
presumably because of age-related impairments in cardio-
pulmonary regulatory mechanisms [29]. However other 
investigators have not found a statistically significant increase 
in mortality in elderly patients with ARDS [41]. In one of the 
largest studies on this question, Esteban and coauthors 
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Figure 30.1  Health status and satisfaction among geriatric and younger 
ICU survivors. Rockwood and coworkers interviewed 143 geriatric 
(³65 years) and 225 younger (<65 years) ICU survivors. They found no 
significant differences between the groups in self-evaluation of health 

status (top figure). However, they did find a statistically significant dif-
ference between groups (asterisk) in the number of respondents who 
were satisfied with their present state of health (data from Rockwood 
et al. [28]).
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recently reviewed the database from the International 
Mechanical Ventilation Study [42] (n = 5,183) and found that 
patients >70 of age had similar intensity of care as compared 
to younger patients [43]. Their work supports conclusions of 
others that age alone is not a sufficient reason to withhold 
mechanical ventilation. They found that the most important 
risk factors for death in the elderly patient requiring mechan-
ical ventilation were coexistent acute renal failure, shock, 
and limited functional status (Fig. 30.2).

Clinical Management

In our practice, we have found a number of techniques clin-
ically useful on a daily basis. First, we avoid or minimize 
narcotics when at all possible in the aged. We have found 
regional techniques such as epidural analgesia or paraverte-
bral blocks to be useful. Parenteral narcotics have been 
associated with more frequent respiratory disturbances 
following surgery, and regional techniques for pain man-
agement and nonnarcotic analgesics may therefore be 
particularly valuable in the geriatric patient [30]. It is 
also important to eliminate other medications, which might 
contribute to delirium in the aged patient, for example, 

anticholinergics. Nonsteroidal pain relief would seem useful 
in this setting, but in practice, many elderly patients have 
absolute or relative contraindications to their use [44]. 
Second, we mobilize elderly patients as soon as possible. 
Assuming an upright position increases the functional 
residual capacity and should lessen the closure of small air-
ways that is caused by the supine position. Oxygen con-
sumption following thoracotomy is lower in the sitting than 
the supine position, suggesting that the work of breathing 
may be lessened when upright [45].

In the elderly, at-risk patient who is not mechanically ven-
tilated, measures such as incentive spirometry (IS) and other 
lung recruitment maneuvers complement the basic measures 
of pain management and mobilization. We use a staged 
approach for managing pulmonary toileting in aged, com-
promised patients. First, we start with IS every 6 h. If patients 
are unable to attain volumes of at least 8–10 ml/kg ideal body 
weight on IS, then we add a noninvasive, lung expansion 
therapy: a single-use device attached to an oxygen flowmeter 
that provides positive airway pressure throughout the respi-
ratory cycle. We continue to monitor IS volumes every 6 h 
while maintaining lung recruitment. Finally, if volumes are 
still below the desired 8–10 ml/kg, we initiate noninvasive 
pressure support ventilation while continuing to follow IS 
volumes when patients are off noninvasive ventilation.

Figure  30.2  Comparison of the time of ventilatory support (days of 
mechanical ventilation and days of weaning) and time of stay in the 
intensive care unit and in the hospital between patients aged from 43 to 
70 years (middle age group) and patients older than 70 years (elderly 

group). The white boxes correspond to patients who survive and the 
gray boxes to nonsurvivors. Box plot indicates the median and the inter-
quantile range. Bar indicates the minimum and the maximum number 
of days (from Esteban et al. [43]. Reprinted with permission).
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While the techniques of mechanical ventilation and weaning 
may not differ in the elderly, they may require a longer period 
of support, given the impairments imposed by age, comor-
bidity, and acute illness. Caution should be exercised when 
liberating elderly patients from mechanical ventilation. 
Parameters used to predict successful weaning from mechan-
ical ventilation in young patients appear less reliable in the 
elderly [46]. Even after successfully undergoing a trial of 
spontaneous breathing prior to extubation, elderly patients 
may not do as well as younger patients. The ARDSnet inves-
tigators examined age as a factor affecting outcome from 
acute lung injury and ARDS [47]. They found that although 
patients >70 years of age were able to breathe spontaneously 
for 2 h without ventilator assistance – a commonly accepted 
weaning parameter – at a similar time point to younger 
patients, the older patients had inferior outcomes, such as 
higher reintubation rates, longer ICU and hospital stays, and 
lower survival rates at 28 days.

Delirium

Definition, Assessment, and Incidence

Delirium is an acute state of confusion that develops over a 
short period of time and fluctuates over time. It is often the 
result of underlying organic derangements, such as infection, 
medical illness, and drug use or withdrawal. Delirium can be 
distinguished from dementia by its acute onset and fluctuating 
course. The assessment of acute changes in cognition is dif-
ficult in the ICU setting due to the severity of underlying 
disease and the frequent loss of verbal communication due to 
mechanical ventilation. One tool for assessment of delirium 
in the ICU, which was adapted from the Confusion 
Assessment Method (CAM), is the CAM-ICU [48]. It has 
been validated in several studies as being both highly sensi-
tive and specific [48, 49]. Using CAM-ICU, delirium is diag-
nosed in two steps. First, a standardized sedation scale, such 
as the Richmond Agitation-Sedation Scale [50] is used to 
determine the level of consciousness. Any patient not deter-
mined to be comatose is then assessed for four features of 
delirium: (1) Acute onset of mental status changes or a fluc-
tuating course, (2) inattention, (3) disorganized thinking, and 
(4) an altered level of consciousness. A diagnosis of delirium 
is made with the presence of both features (1) and (2) in 
addition to either feature (3) or (4) [48]. In a recent study of 
elderly patients admitted to the ICU, the rates of delirium 
were found to be >70% during their hospitalization. In the 
same study, the effect of dementia was also assessed. Patients 
with dementia had a 40% higher overall rate of delirium during 
hospitalization than those without dementia [51]. There is 

little doubt that as the elderly population ages, the prevalence 
and burden of delirium in the ICU will grow.

Predisposing Factors

Predisposing Factors for Delirium in the ICU

The risk factors for delirium are divided into host factors, 
which are present on admission to the ICU, and precipitating 
factors, which occur during the course of illness. It is this 
second group of factors that are potentially modifiable and 
therefore the target of therapeutic or prophylactic interven-
tion [52, 53] (Table 30.1).

The use of sedative and analgesic medications deserves 
special attention. Nearly all patients in the ICU receive these 
medications. However, their use is not without detrimental 
effects. These effects include prolonged mechanical ventila-
tion and an increased utilization of diagnostic studies for 
altered mental status when sedatives are used in a continuous, 
rather than intermittent, fashion. Daily interruption of seda-
tion is one method used to avoid this complication [54]. 
Benzodiazepines and anticholinergics have been consistently 
linked to delirium in the elderly [55]. Pisani and coworkers 
recently published data showing that use of a benzodiazepine 
or opioid was associated with increased delirium duration, 
especially the first episode (relative risk of 1.64 with a 95% 
confidence interval of 1.27–2.10) [56]. Trials of newer agents 
have shown some promise. In a 2007 trial by Pandharipande 
et al., the use of dexmedetomidine (an alpha 2 agonist) was 
compared to lorazepam in mechanically ventilated patients. 
The use of dexmedetomidine was associated with more 
delirium-free days than lorazepam [57]. The data regarding 
the use of opioids is less clear. A study by Ouimet and 
coworkers demonstrated higher daily use of opioids in ICU 
patients without delirium [58]. Similarly, in a study of hip-
fracture patients, Morrison and coauthors found that patients 
treated liberally with opioid analgesics were less likely to 

Table 30.1  Predisposing factors for delirium in the ICU

Host factors
Critical illness  
related factors Iatrogenic factors

Age
Alcoholism
Apolipoprotein E4
Polymorphism
Cognitive  

impairment
Depression
Hypertension
Smoking
Vision or hearing loss

Acidosis
Anemia
Fever/infection/sepsis
Hypotension
Metabolic disturbances
Fever/hypothermia
End organ dysfunction
Respiratory disease/ 

hypoxia
High severity of illness

Immobilization
Catheters
Medications
Sleep disturbance

Source: Girard and Ely [53]
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develop delirium than those who received less analgesia [59]. 
Meperidine is the exception, as it is consistently linked to the 
development of delirium, especially in the aged [60–62]. 
These findings point to the need for careful use of these 
agents with attention to providing adequate pain relief while 
avoiding oversedation.

Evaluation, Prevention, and Treatment

Once delirium is diagnosed, an underlying organic source 
must first be sought. A diminished level of consciousness 
may herald underlying infection or metabolic derange-
ments, and these must be ruled out by careful history and 
physical examination. Within the ICU, risk factors more 
prevalent in the setting of critical illness must be addressed. 
These include infection, metabolic and electrolyte abnor-
malities, and medication exposure. If critical illness related 
factors are ruled out, other interventions may prove useful 
in reducing delirium such as repeated reorientation of the 
patient and activities designed to be cognitively stimulating; 
a nonpharmacologic sleep protocol; early mobilization and 
range of motion exercise; prompt removal of restraints and 
catheters; use of eyeglasses and hearing aids; and the early 
correction of dehydration [63]. These results were con-
firmed in patients after hip fracture [64] and in hospital-
ized geriatric patients [65] but have not yet been studied in 
the ICU.

After the use of nonpharmacologic strategies to mini-
mize risk factors and addressing the metabolic derange-
ments associated with critical care illness, consideration 
should be given to the use of pharmacologic agents to 
manage the symptoms of delirium. Currently, the clinical 
practice guideline from the Society of Critical Care 
Medicine recommends haloperidol as the drug of choice 
for treatment of delirium in the ICU [66]. This is also true 
for the geriatric patient [67]. Using intermittent intravenous 
injection, a 2-mg dose is recommended. Repeated doses are 
administered if symptoms are not controlled, doubling the 
previously administered dose every 15–20 min until agita-
tion resolves. Once controlled, scheduled doses are given 
every 4–6 h and then tapered over several days. Side effects 
of haloperidol include QT interval prolongation, extrapyra-
midal symptoms, and neuroleptic malignant syndrome. 
Routine EKG monitoring is suggested to detect any QT 
prolongation [66]. Atypical antipsychotics, such as risperi-
done, ziprasidone, quetiapine, and olanzapine, may also 
have a role in the management of delirium. Although no 
placebo-controlled studies of these agents exist, early data 
suggests that these agents may be at least as effective as 
haloperidol and may have fewer side effects [68].

Outcomes

Among ICU patients, numerous adverse events have been 
associated with delirium. These include unplanned extuba-
tion, removal of catheters and drains, failed extubation, 
prolonged hospital stay, increased health care costs, and 
increased mortality. Milbrandt and colleagues studied patient 
charges in 275 consecutive, mechanically ventilated ICU 
patients and found the presence of delirium to be associated 
with 39% increased ICU cost (95% CI, 12–72%) and 31% 
higher hospital cost (95% CI, 1–70%) [69]. In addition to the 
acute adverse events associated with delirium in critically 
ill patients, multiple long-term detrimental effects have 
been noted. Ely and coworkers reported that delirium was 
associated with a threefold increase in the risk of death at 6 
months [70]. Jackson and coauthors reviewed nine prospec-
tive studies a diverse group of hospitalized and critically ill 
patients and reported that delirium during hospitalization 
was associated with a cognitive decline over the following 
1–3 years [71].

Shock and Hemodynamic Monitoring

Changes in the Cardiovascular System 
Associated with Aging

During the course of aging, there are structural and func-
tional changes within the heart and vasculature which become 
important in the critical care of the geriatric patient. For 
example, there is a significant decrease in the compliance 
and distensibility of the aorta and vascular tree. This stiffening 
of the arteries results in an increase in afterload. The results 
of the increased afterload include left ventricular hypertro-
phy and decrease in diastolic compliance. Wall thickness 
increases of up to 30% have been documented. Diastolic 
compliance is also reduced, and when coupled with delayed 
diastolic filling observed in the elderly heart, results in nearly 
a 50% reduction in early diastolic ventricular filling. Ventricular 
filling becomes much more dependent on atrial contraction. 
Diastolic dysfunction and decreased left ventricular compli-
ance means that the aging heart must achieve higher-end 
diastolic pressures to preserve preload and thus stroke 
volume. The clinical implications of these changes are that 
cardiac output is much more reliant on adequate preload and 
atrial systole. Hypovolemia must be avoided, and atrial 
arrhythmias must be controlled or addressed in the face of 
surgical stress and sepsis. In addition to normal age-related 
changes, clinicians must also take into account the effects of 
ischemic heart disease, which becomes increasingly prevalent 
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with age. The Framingham Heart Study found that myocardial 
infarction was silent or unrecognized in over 40% of patients 
aged 75–84 years compared to under 20% in the group 
between age 45 and 54 years [72].

Monitoring and Management of Shock

Shock is best defined as a state of inadequate tissue perfu-
sion. In the uncompensated state, it is easily recognized 
by tachycardia, oliguria, and hypotension. However, most 
critical care practitioners would prefer to recognize hypoper-
fusion before overt decompensation. The initial monitoring 
of the critically ill patient should include close attention to 
the physical exam, arterial blood pressure monitoring, and the 
urine output. We have found these parameters – and more 
importantly, their change over time – most useful in deter-
mining the response to resuscitative efforts, but they can fail 
to detect ongoing tissue hypoperfusion and hypoxia [73]. 
Even after hypotension has been corrected and urine output 
restored, a state of “compensated shock” may remain. In this 
condition, tissue hypoxia is ongoing, leading to multiple 
organ dysfunction and death. Hypoxia forces tissues to uti-
lize anaerobic pathways, resulting in lactic acid production. 
Large amounts of H+ may then be produced. Base deficit, 
lactate level, and bicarbonate levels are frequently used to 
assess both the initial state of shock and to monitor the effects 
of ongoing resuscitation. Although no single end point is 
applicable to every scenario, it is important to repeatedly 
reexamine potentially “shocky” patients and follow them closely 
to determine the success or inadequacy of resuscitation.

The use of pulmonary artery catheters (PACs) is no longer 
de rigueur. There is currently no prospective evidence sup-
porting their use. Friese and coworkers analyzed the National 
Trauma Data Bank and found higher mortality in trauma 
patients managed with a PAC. They did, however, find that 
those with severe injury who arrived in shock and older 
patients had a survival benefit when a PAC was used to guide 
management [74]. However, most evidence would contradict 
this. In a large meta-analysis, Shah and coworkers evaluated 
13 randomized clinical trials. They concluded that in criti-
cally ill patients, the use of PACs neither increased mortality 
or hospital days nor did it confer benefit. The absence of 
benefit may have been the result of the lack of any clear or 
specific guidelines for treatment based on the data collected 
[75]. The PAC catheter was often used to drive “supranormal 
resuscitation,” which sought to maximize cardiac index 
(>4.5  l/min/m2) and oxygen delivery index (>600  ml/min/
m2). Achieving these goals was associated with an increase 
in survival; however, there was no prospective evidence to 
suggest a benefit to attempting to attain these goals. Rather, 

the ability to achieve these goals appears to be a marker of 
the patient’s physiologic reserve [76].

Mixed central venous oxygen saturation (S
CV

O
2
) may be a 

useful adjunct in determining the adequacy of oxygen delivery. 
A value of >70% is considered to be normal. Lower values 
are consistent with flow-dependent delivery of oxygen, and a 
variety of strategies have been published using S

CV
O

2
 as an 

end point for resuscitation. The most promising strategy was 
published by Rivers and coworkers in a group of patients 
with septic shock presenting to the emergency department. 
An early goal-directed resuscitation strategy aimed at achiev-
ing an S

CV
O

2
 of ³70% resulted in a significant decrease in 

mortality (46.5% in the control group vs. 30.5% in the treat-
ment group) [77]. Of interest, the mean age in the treatment 
group was 67.1 years (±17.4 SD).

Resuscitation with crystalloid, blood and the administra-
tion of vasopressors are all methods to improve tissue oxygen 
delivery [58]. Guidelines for the optimal use of these tech-
niques are varied, and each approach is not without compli-
cations. Early restoration of circulating blood volume with 
blood products and crystalloid is crucial, especially in the 
elderly who are more dependent on effective ventricular filling 
to maximize cardiac output. In the early phase of resuscita-
tion, fluids are probably superior to vasopressors for the 
maintenance of blood pressure [78]. Care, however, must be 
taken to avoid excessive amounts of crystalloid as this has 
been linked to cardiac and pulmonary complications, coagu-
lopathy, and acid–base disturbances [79]. Transfusion of 
blood to restore adequate oxygen carrying capacity is vital in 
cases of frank anemia, but exact triggers for transfusion in 
the elderly are still debated. The Hebert study suggests a 
transfusion threshold value of <7  g/dl of hemoglobin, and 
this recommendation has been widely adopted. This study, 
however, excluded patients with chronic anemia, ischemic 
heart disease, or any patient in whom the attending physician 
was unwilling to tolerate a transfusion trigger of <7 g/dl [80]. 
In elderly patients with acute myocardial infarction, a lower 
30-day mortality was associated with blood transfusion for 
hematocrit values <30% [81]. A hematocrit of <30% during 
operation is predictive of postoperative delirium [82]. Other 
studies have documented increased myocardial ischemia 
when intraoperative or postoperative hematocrit fell below 
28% [83, 84]. Given the high incidence of ischemic cardiac 
disease – often silent in the elderly – care should be taken in 
setting a “one-size-fits-all” transfusion trigger in the geriatric 
population.

Once effective volume has been restored, inotropes may 
be required to augment oxygen delivery. The effects of aging 
can influence the choice of agents. In elderly patients, the 
response to b-agonists declines, with subsequent reduction 
in the inotropic, chronotropic, and vasodilatory effects of 
these medications. With these changes, nonadrenergic effects 
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may be more pronounced. The stiffened aorta should also be 
taken into account, and the addition of afterload reducing 
agents may be useful [85]. With the geriatric patient, inotro-
pic support may be required in atypical clinical settings such 
as septic shock. Viellard-Baron and coauthors found a high 
incidence of global left ventricular hypokinesia, defined as 
an ejection fraction of <45%, in a mixed group of patients 
presenting with septic shock (mean age 65 years). Hypokinesia 
was often present on initial evaluation. However, further 
cases were frequently unmasked after 24–48  h of therapy 
with norepinephrine, bringing the total incidence to about 
60% [86]. This hypokinesia can be counteracted by the addi-
tion of inotropic agents such as dobutamine, the suggested 
inotrope for use in septic shock [87, 88]. After restoration of 
adequate circulating volume and the addition of inotropic 
support as needed to augment oxygen delivery, perfusion 
pressure should be maintained with vasopressors. In cases of 
severe sepsis, norepinephrine and dopamine are advocated as 
the initial vasopressors recommended in the Surviving Sepsis 
Guidelines, with a target mean arterial pressure of ³65 mmHg 
[87, 88]. In summary, the clinician caring for the elderly 
patient with occult or overt shock must walk a fine line, using 
both fluids and inotropes, while paying close attention to 
detail. Frequent adjustments will be required as the clinical 
situation evolves.

Acute Kidney Injury and Renal 
Replacement Therapy

Changes in the Renal System Associated 
with Aging

The changes in renal function related to advancing age are 
significant in the management of critical illness. There are 
predictable declines in the glomerular filtration rate (GFR) 
and creatinine clearance. These declines, while significant, 
have little impact on the measured serum creatinine level, as 
there is a parallel reduction in the amount of creatinine 
produced. Fluid and electrolyte management deserves metic-
ulous attention in the aged. With aging, homeostatic mecha-
nisms become less capable of dealing with the fluid losses, 
acid–base disturbances, and electrolyte abnormalities often 
associated with surgery, trauma, and sepsis. Insensible losses 
are increased through surgery, wounds, and mechanical ven-
tilation. The aging kidney is less able to concentrate urine 
and compensate for these losses. In addition, the normal 
thirst mechanism is often impaired in the geriatric patient. 
The net result is an increased propensity for hypovolemia, 
which can be particularly harmful in the elderly who rely 
on preload to maintain cardiac function. Compounding this 

problem is the diminished capacity of the kidney to excrete 
acute salt and water loads, which can manifest as pulmonary 
insufficiency secondary to acute volume overload. Poor 
bicarbonate elimination also hampers renal compensation in 
acid–base disturbances. The key factors to successful man-
agement include meticulous attention to detail, frequent lab-
oratory and physical assessment, and appropriate fluid 
administration to avoid any large or rapid changes in volume 
status, electrolytes, or acid–base loads.

Clinical Management

The incidence of acute kidney injury (AKI) increases with age 
and is 3.5 times more prevalent in those >70 years of age [89]. 
The etiology AKI is usually divided into three categories: 
prerenal, intrinsic, and postrenal. The elderly are especially 
vulnerable to prerenal AKI due to impaired autoregulation and 
high risk of hypovolemia. Prerenal causes include fluid losses, 
decreased intake and diuretic treatment, and reduced effective 
circulating blood volume secondary to impaired cardiac out-
put, systemic vasodilatation, and renal artery stenosis. Acute 
tubular necrosis (ATN) accounts for up to 76% of cases of 
AKI in the ICU [90]. Although causes of AKI (hypovolemia, 
ATN, contrast induced nephropathy, NSAIDs, etc.) are no 
different in geriatric patients as compared younger ICU 
patients, age itself remains a major risk factor for the develop-
ment of AKI in the ICU [91]. This may be due to the increased 
incidence of diabetes, hypertension, and underlying chronic 
kidney diseases in the elderly population.

The diagnostic approach to AKI should include a history 
and examination. A review of medications should focus on 
potential sources of kidney injury such as NSAIDs, intrave-
nous contrast, diuretics, and angiotensin-converting enzyme 
inhibitors or angiotensin receptor blockers. Laboratory 
examination should include serum creatinine, urinalysis, 
urine electrolytes, urine creatinine, and osmolarity. These 
values can be used to determine the glomerular filtration rate 
and the fractional excretion of sodium. However, the frac-
tional excretion of sodium is often confounded by diuretics 
in the elderly. Urine osmolarity, when <300  mOsm/kg, is 
indicative of intrinsic renal failure.

Management of AKI should first involve the treatment of 
life-threatening complications, such hyperkalemia, pulmonary 
edema, and metabolic acidosis. Second, all nephrotoxic agents 
should be discontinued. Finally, fluid and hemodynamic status 
should be optimized. Although still employed, there is no ben-
efit to the use of “renal-dose” dopamine [92]. Furosemide may 
improve urine output, but it has no influence on return of renal 
function or survival, thus its utilization should be limited to 
maintaining fluid balance [93]. Mannitol has also been shown 
to have no efficacy in renal protection [93].
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Outcomes: Renal Replacement Therapy

Renal replacement therapy (RRT) is required in approximately 
85% of patients with oliguric renal failure and about 30% with 
nonoliguric renal failure [94]. Like tracheotomy, the initiation 
of RRT in the elderly is a significant decision point in the care 
of the elderly patient and should be approached with delibera-
tion. Multiple recent studies have examined prognosis and 
outcomes following RRT during the course of critical illness. 
In a meta-analysis by Bagshaw, the mortality of ATN treated 
with RRT was reported at 46–74%. In studies confined to the 
critically ill, mortality was nearly 60% at 90 days. In the same 
analysis, quality of life was addressed, and studies consistently 
demonstrated lower global quality of life scores. However, 
survivors generally rated their quality of life acceptable [95]. 
In addition to survival, return of renal function, defined as 
freedom from RRT, is another important outcome measure. 
Schmitt and coworkers undertook a meta-analysis addressing 
recovery of kidney function after AKI in the elderly. They 
reported that 31.3% of the elderly did not recover function 
compared to 26% in younger patients (pooled RR, 1.28, 95% 
CI, 1.06–1.55). An interesting finding in their review was that 
the relative risk of nonrecovery was only slightly increased in 
the elderly when continuous RRT was used; however, this did 
not achieve statistical significance [96].

Nutrition

Body composition changes over the course of aging. Lean 
muscle mass is reduced up to 40% by the age of 80 with 
simultaneous increase in body fat. There is a corresponding 
decrease in muscle strength and decrease in resting energy 
expenditure by up to 15% [85]. As a result of this loss of 
muscle mass, the elderly patient may rapidly develop pro-
tein–energy malnutrition in the setting of acute illness and 
surgery. Ideally, nutritional support should be initiated within 
24 h of admission to the ICU.

We routinely initiate “trickle feeds” as soon as vasopressor 
doses have stabilized and lactate levels are decreasing. Our 
preferred method of nutrition is the enteral route, with the 
choice of tube and position (gastric or postpyloric) deter-
mined by the clinical scenario. The use of early enteral nutri-
tion in surgical patients has demonstrated reduced infection 
rates. No increase in the incidence of anastomotic failure has 
been documented, and there is a trend toward reduced mortal-
ity [97]. An audit of feeding practices by Taylor found that in 
patients greater than 64 years of age prolonged starvation (>5 
days) resulted in higher mortality than those without nutrition 
0–5 days, which was not found in younger patients. This sug-
gested a greater susceptibility to starvation in the elderly [98]. 
Caloric requirements are reduced in the elderly; overfeeding 

results in excess CO
2
 production, mandating higher minute 

ventilation and should be avoided. Overfeeding will not 
decrease the amount of lean tissue loss, can increase fat 
synthesis, aggravated hyperglycemia, and can delay weaning 
from mechanical ventilation [99]. Deficiencies in micronutri-
ents are common, and supplementation should be routine.

Impaired glucose tolerance increases with aging, and nearly 
40% of the U.S. population over age 60 has either type 2 dia-
betes or impaired glucose tolerance. The mechanism of 
impaired glucose tolerance is a lifelong decline in insulin 
secretion by B-cells at a rate of 0.7% per year. No specific 
change in insulin sensitivity, as previously thought, has been 
identified [100]. Early evidence suggested that strict glycemic 
control may be beneficial for patients in the ICU with a 
decrease in mortality, especially when employed for more 
than 3 days [101, 102]. These initial findings generated con-
troversy and concern over the risk of hypoglycemic events that 
occur during insulin therapy. The NICE-SUGAR study was 
undertaken to determine the best target for glycemic control in 
critical illness. In a study of over 6,000 ICU patients, subjects 
were randomized to intensive control or conventional control 
of blood sugar. The incidence of hypoglycemia was signifi-
cantly greater in the intensive-control group (6.8% vs. 0.5%, 
p < 0.001). Mortality in this study was greater in the intensive-
control group as well (27.5% vs. 24.9%, p = 0.02). The authors 
concluded that a blood glucose target of 180  mg/dl or less 
resulted in lower mortality than did a target of 81–108 mg/dl 
[103]. A growing problem faced by all clinicians is the epi-
demic of obesity. An increase in mortality has been docu-
mented with increase in BMI, and this trend continues in the 
elderly. Although not associated with an increase in mortality 
in the ICU, obesity is associated with increases in the duration 
of mechanical ventilation and ICU length of stay [104].

Caring for Dying Patients

Caring for dying patients is a natural part of working in the ICU, 
perhaps even more so with geriatric patients. A more complete 
discussion of palliative care and end-of-life decision making is 
presented in Chap. 18. However, this is such an integral part of 
caring for the geriatric ICU patient that it bears some repetition. 
Through experience, we have found that establishing consen-
sus, providing open communication, and focusing on goals of 
therapy are effective tools in our daily practice.

Reaching Consensus

Before serious discussions with families, physicians need 
to have reached accord that curative therapy is not indicated. 
Of first importance in these discussions are an accurate 
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diagnosis and an understanding of long-term outcomes. As 
we have outlined above, outcomes from critical illness in the 
elderly are influenced by prior health and functional status, 
the severity of the acute illness as manifested in the degree of 
physiologic derangement, and the specific diagnosis. We feel 
there is no justification for using chronologic age alone to 
predict the benefit to be obtained from intensive care or to 
exclude individuals from ICU care. In cases where a clear 
consensus cannot be obtained among physicians, we usually 
pursue curative care for a period of time, often 3–5 days. 
This is useful in the geriatric patient as it allows us to more 
accurately gauge their underlying physiologic reserve and 
response to treatment while allowing us to establish trust and 
rapport with the family.

Open Communication

When consensus among the health care team has been 
obtained, discussions with families regarding management 
must address the potential hazards during recovery from 
critical illness and thoughtful appraisal of the likely short-
term and long-term outcomes. Other factors, such as 
expected life-span, HR-QOL, and potential pain and suffer-
ing associated with intensive care must be considered in the 
elderly. Although some patients may have an advanced 
directive or a “living will,” we have found these documents 
are rarely helpful as they usually only apply to conditions 
that are unquestionably irreversible, such as persistent veg-
etative state. For example, an advance directive may not be 
helpful when treating a previously healthy and active sep-
tuagenarian who is now facing tracheotomy and possible 
long-term dialysis after surviving emergent repair of an 
abdominal aortic aneurysm.

End-of-life discussions are almost never concluded in a 
single setting and generally mature over time as the disease 
process and the patient’s physiologic response becomes clear 
to both physician and family. It is helpful to have a single 
person in whom the family trusts lead the discussions. Trust 
from families is earned by being seen frequently at the 
patient’s bedside. We have learned through sad experience 
that halls and patients’ doorways are less than ideal locations 
for end-of-life discussions. Getting the setting right in a 
small conference room allows you to take control of the situ-
ation, provides an atmosphere where families and physicians 
can talk freely and gives at least the impression that you have 
the time sit and discuss the issues at length. We have found it 
important to avoid phrases such as “withdrawal of support” 
or “withdrawal of care.” Instead, we emphasize with families 
that we alter our goal from cure to comfort – we provide a 
different kind of care. A comprehensive review of communi-
cating “bad news” is beyond the scope of this chapter, but an 

excellent volume written by and for physicians has formed 
the foundation for our practice [105].

Goals of Therapy

Discussing goals of therapy and resolving conflicts can be 
problematic. Schneiderman and colleagues hypothesized 
that ethics consultations in the ICU reduce the use of life-
sustaining treatments delivered to patients who ultimately do 
not survive to hospital discharge [106]. In a controlled trial, 
they randomized patients by site to early ethics consultation 
vs. standard care. The intervention involved ethics consulta-
tion in the ICU for conflicts and value disagreements either 
among the health-care team or between the team and patients 
or surrogates. Primary end points were ICU and hospital 
length of stay in patients who do not survive and patient/sur-
rogate and health care provider satisfaction. The authors 
found that patients in the intervention group who died spent 
3 fewer days in the hospital, 1.4 fewer days in the ICU, and 
1.7 fewer days receiving mechanical ventilation than nonsur-
vivors in the control group. The authors concluded that 
ethics consultations reduced nonbeneficial care without 
increasing mortality. However, the intervention group had a 
slightly higher mortality rate (62.7% vs. 57.8%). Although 
this difference was not statistically significant, it may be 
meaningful. In a randomized trial, differences in outcomes 
that are not explained by differences in baseline characteris-
tics or the concomitant interventions are usually attributed to 
the study intervention. It is not clear whether a higher mor-
tality rate in this study would be good or bad.

In our own practice, we rarely have to resort to an ethics 
consultation to resolve conflicts regarding goals of therapy. 
We do not display a smorgasbord of options to patients and 
families and allow them to pick and choose a plateful of ther-
apies. Instead, we present a therapeutic plan that is aimed at 
achieving a return to a quality of life that the patient would 
find acceptable. We are often forced to rely on heavily on 
information from family members and surrogates for our 
understanding of the patients’ wishes regarding quality of 
life. We realize that understanding patients’ wishes regard-
ing quality of life and end-of-life decisions can be difficult. 
Cook and coworkers writing for the Canadian Critical Care 
Trials Group prospectively followed 851 patients with a 
mean age of 61.2 years who were receiving mechanical 
ventilation. Of these patients, 166 (19.5%) had mechanical ven-
tilation withdrawn. Rather than age or the severity of the ill-
ness and organ dysfunction, the three strongest determinants 
of withdrawal of ventilation in critically ill patients were the 
physician’s perception that the patient preferred not to use 
life support (hazard ratio, 4.19), the physician’s prediction 
that the patient’s likelihood of survival in the ICU was less 
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than 10% (hazard ratio, 3.49), and a high likelihood of poor 
cognitive function (hazard ratio, 2.51) [107]. Surprisingly, 
Cook and coauthors did not find a significant relationship 
between withdrawal of ventilation and age, previous func-
tional status, severity of illness, or severity of organ dysfunc-
tion. It should be concerning to all of us rendering care for 
elderly patients that the strongest determinate of withdrawal 
from mechanical ventilation was physicians’ perception 
patients’ wishes. Unfortunately, we know that patients’ 
wishes regarding ICU admission or initiation of ventilation 
are frequently unknown at ICU admission [108]. In addition, 
patients’ wishes may not correspond with the family mem-
bers understanding of these wishes in elderly patients [109]. 
Finally, patients’ assessments of their quality of life do not 
necessarily correlate with their wishes regarding life-sustaining 
therapy [83].

Despite these limitations, clinicians are daily called upon 
to make help families and surrogates navigate these waters 
with whatever information is available. When we feel that 
further critical care is unlikely to achieve a quality of life that 
would be acceptable – as previously defined in our discus-
sions with patients when available or families and surrogates 
if not – we inform the patient or surrogates that we have done 
all that we can and that death or an unacceptable permanent 
debility is inevitable. For example, we would not broach 
renal replacement as a therapeutic option to the surrogates of 
nonagenarian with abdominal sepsis and multisystem organ 
failure. We admit that this approach may seem paternalistic, 
but we have found that families expect and appreciate this 
from physicians. The vast majority of families do not want to 
assume responsibility for a decision that they perceive as 
leading to the death of their patient, when in reality, it is 
often that the patient’s disease process dictates the outcome. 
The decision surrogates are faced with is not whether 
death will occur, but how that death will happen. Occasionally, 
we are unable to reach a clear consensus with the family or 
surrogate decision makers. In these situations, we continue 
supportive therapy – usually with limitations about escala-
tion – and reconvene the discussion in the near future. We 
have adopted this approach as it has been described by 
Cassell, a social anthropologist, who has studied extensively 
end-of-life decision making in the surgical ICU [110]. When 
employed properly, we have found this strategy effective in 
our daily practice without resort to ethics committees or outside 
intervention.

Process

For patients already in the ICU, the change in care from cure 
to comfort is best handled in the ICU. Patients and families 
are more at ease with staff they have come to know during 

their ICU stay. The challenge of titrating analgesia, removing 
invasive support, and managing family concerns are best met 
in the ICU. In this setting, our focus is on eliminating proce-
dures, superfluous lines and tubes, and unnecessary medica-
tions while providing open visitation and effective analgesia 
[111]. Usually removing vasopressor therapy and reducing 
positive end-expiratory pressure to 0 cmH

2
O and the fraction 

of inspired oxygen to 25% will be all that is required. When 
weaning from mechanical ventilation, we typically switch 
to a pressure-targeted mode that delivers an adequate tidal 
volume and then titrate a short-acting narcotic infusion to a 
comfortable respiratory rate. We then decrease inspiratory 
pressures gradually while increasing the narcotics to keep a 
respiratory rate in the 14–20 breaths per minute range. Once 
inspiratory pressures are minimal, the patient can be extu-
bated without concerns about distress or the bradypnea asso-
ciated with bolus narcotic administration. This rapid, terminal 
weaning process is usually well tolerated by patients [112], 
avoids the gasping sometimes associated with terminal extu-
bations done without a prior wean, and has been our practice 
at this institution since first described by Grenvik in 1983 
[113]. We do not consider oxygen or feedings comfort mea-
sures. When mechanical ventilation has been removed and 
adequate analgesia obtained, a transfer out of the ICU to a 
more private atmosphere is usually in order. In conclusion, 
we have found that most of the difficulties regarding end-
of-life care can be handled by assuring consensus among the 
health-care team prior to family discussions, establishing 
early, open, and honest communication between families and 
physicians and focusing on the overall goals of therapy while 
presenting a plan rather than multiple options.

Conclusion

Critical care of elderly patients both compares and contrasts 
with that of younger patients. It is different in that age has 
multifarious effects on all organ systems, and these age-
related changes influence the way elderly patients respond to 
their critical illness and to treatment. It is similar in that the 
principles, procedures, techniques, and devices used to sup-
port organ system insufficiency or failure are the same and 
that with a comprehensive approach to care and close atten-
tion to detail many can survive their critical illness and 
resume a valued and enjoyable life.
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Injured Elderly

Trauma is the most common cause of death for those under 
the age of 44. Thus, some consider trauma to be exclusively 
a disease of the young [1]. However, as the population in the 
USA ages over the next several decades, the importance of 
falls and injuries in older patients will become more appar-
ent. The elderly, defined as persons of age 65 or greater, 
[2–5] constitute one of the fastest growing segments of the 
US population. By the year 2030, the number of persons over 
age 65 will double relative to 2000, representing almost 20% 
of the nation’s total population [6] (Fig. 31.1). This increase 
is the result of improvement in life expectancy and the aging 
baby boom generation. The Administration on Aging’s Fiscal 
Year 2009 budget requested 1.381 billion dollars to assist in 
the long-term needs of these aging baby boomers [7].

In 2006, unintentional death was the fifth leading overall 
cause of death overall in the USA and the ninth for those over 
the age of 65 [8] (Table 31.1). Although the geriatric popula-
tion in 2006 was approximately 12% of the total population 
[9], accidental deaths in this age group represented almost 
31% of such deaths [8]. In 2006, the overall death rate from 
unintentional injury was 39.3 per 100,000 population [8]. 
However, in those between the ages of 65–74 years, it was 44 
per 100,000, and for those over 74  years, it was 152.6 per 
100,000. Decreased physical reserve, preexisting comorbidi-
ties, and a lack of provider understanding of the healthcare 
needs of older patients may all contribute to this finding [10].

Altered Physiology and Comorbidities

Aging causes changes in one’s functional status and increases 
one’s susceptibility to injury and mortality (Table  31.2). 
Progressive deterioration, which begins as subtle changes in 
the thirties, continues with increasing age. This rate of change 
varies from organ system to organ system and from individ-
ual to individual [11]. Advances in the treatment of debilitat-
ing medical conditions have enabled elders to live longer and 
healthier lives. This improvement in the quality of life allows 
them to remain physically active and mobile longer [12]. 
Ironically, an active life style has now been increasingly 
reported as a risk factor for injury in the elderly, including 
falls and motor vehicle crashes [13–15].

Preexisting medical conditions limit the ability of older 
persons to tolerate the increased physiologic demands associ-
ated with injury. “Resting organ function often is preserved, 
but the ability to augment performance in response to stress 
is greatly compromised” [16]. Comorbid conditions may also 
be the cause of the injury and, therefore, information must be 
carefully sought at the time of initial evaluation following the 
event. Treatment of the comorbid illness will likely be neces-
sary in addition to that of the injury. Identifying the comor-
bidities may identify interventions to prevent recidivism.

By age 75, over two-thirds of injured patients have one or 
more chronic medical conditions [17] (Table 31.3). Bergeron 
et al. demonstrated that two-thirds of those over the age of 
64 years had a comorbid disease [18]. In those who reached 
the age of 95 years, it was 81.5%. In another study, the inci-
dence of having at least one preexisting medical condition 
was 29.4% for those between the age of 65 and 74 years, 
34.7% for those between 75–84 years, and 37.3% for those 
over the age of 85 years [19]. These comorbidities are associ-
ated with decreased survival after trauma and independently 
predict mortality [15, 17, 18, 20–22]. Milzman et al. showed 
that mortality rose from 6.1% with one preexisting condition 
to 24.9% with three or more [17] (Table 31.4). Others have 
found similar results, demonstrating a two- to threefold 
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increase in hospital mortality rates for those older than 
65 years as compared to younger counterparts [19, 23–25].

Once injured, the elderly may have an increased rate of 
complications from conditions such as cardiovascular or 
liver disease, diabetes, chronic obstructive pulmonary dis-
ease, and renal insufficiency. Smith and coworkers showed 
that complications occurred in 26% of their elderly popula-
tion, the most common being infection (14.5%), followed by 
pulmonary (10.7%), cardiac (5.5%), and renal (3.7%) [26]. 
The authors also demonstrated that more than one complica-
tion following trauma was associated with a mortality of 
30%. Bellemare et  al. demonstrated that the elderly who 
developed pneumonia had significantly increased mortality 
compared to younger patients with pneumonia [27].

Influences of Senescence and Consequences 
of Comorbid Diseases

Senescence affects all organ systems but does so at varying 
degrees and at variable times during the aging process. 
Functional decline occurs in all organs. Increasing age may 
make it difficult to distinguish the impact of comorbid dis-
eases on specific end-organ damage.

Central Nervous System

Subtle changes in cognition and memory are common in the 
elderly. Determining Glasgow Coma Scale (GCS) and distin-
guishing new neurologic findings from baseline can be prob-
lematic [28]. Dementia, hearing and visual difficulty, or 
fluctuation in an individual’s baseline also make assessment 
of an elderly patient’s mental status difficult. Family members 
will often be the best source of information to determine if an 
elderly patient is at baseline mental status. Once admitted to 
the hospital, the elderly patient may experience episodes of 

Figure 31.1  Population growth over time

Table 31.1  Causes of death 

Leading causes  
of death (2006)

Leading causes of death, 65 years  
of age and older (2006)

Diseases of heart Disease of heart
Malignant neoplasms Malignant neoplasms
Cerebrovascular disease Cerebrovascular disease
Chronic lower respiratory 

disease
Chronic lower respiratory disease

Accidents (unintentional 
injuries)

Alzheimer’s disease

Alzheimer’s disease Diabetes mellitus
Diabetes mellitus Influenza and pneumonia
Influenza and pneumonia Nephritis, nephrotic syndrome
Nephritis, nephrotic syndrome Accidents (unintentional)
Septicemia Septicemia
Source: National Vital Statistics Reports, 11 June 2008

Table 31.2  Factors predisposing the elderly to injury

Reduced ability to react to environmental hazards
  Reduced hearing
  Presbyopia
  Significant degenerative joint disease
  Vertigo
Elderly placed in potentially dangerous situations
  Dementia
  Cardiovascular accident
  Coronary artery disease
    Dysrhythmias
    Myocardial infarction
    Postural hypotension
Increased consequences of injury
  Osteoporosis
  Cirrhosis
  Chronic obstructive pulmonary disease
  Coronary artery disease
  Disabling central nervous system disorders

The elderly may have chronic ailments that increase the likelihood  
and the consequences of injury

Table 31.3  Preexisting disease (PED) state vs. age

Age 15–24 25–34 35–44 45–54 55–64 65–74 >75

PED+ 166 179 199 184 199 173 146

PED− 2,653 2,056 972 414 252 173 79

%PED+ 5.8 8.0 17.0 30.8 44.1 50.0 64.9
Source: Reprinted with permission from Milzman et al. [17]

Table 31.4  Number of preexisting diseases and outcome

Number of PED Survived Died Mortality (%)

0 6,341 211 3.2
1 868 56 6.1
2 197 36 15.5
³3 67 22 24.9
Source: Reprinted with permission from Milzman et al. [17]
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delirium, agitation, and confusion, even in the absence of 
injury. This can make it difficult to assess progression of brain 
injury.

Age-related brain atrophy between the 5th and 10th 
decade causes a reduction of approximately 15–20% of the 
cortical brain volume [28, 29]. A significant amount of blood 
can accumulate before neurologic symptoms appear [30]. 
Terry et al. demonstrated that the brain of an elderly person 
occupies only 82% of the skull, compared to 92% in younger 
individuals [31]. As the brain volume decreases, the dura 
remains adhered to the skull, causing an increase in the dis-
tance between the inner table of the skull and the outer sur-
face of the brain. This lengthening causes the bridging veins 
to be pulled taut, thus rendering them more likely to sustain 
a shear-type injury during rotational stress, such as decelera-
tion force in a motor-vehicle crash. Subdural hematomas are 
three times more common in the elderly. However, the risk of 
an epidural hematoma in the elderly is much lower because 
of the decrease in the epidural space [32].

Similarly, degenerative disease of the bony cervical spine 
narrows the central spinal canal and leads to an increased 
frequency of central cord syndrome, especially with exten-
sion-type forces [33]. Kato and colleagues demonstrated that 
degenerative changes and spinal stenosis represent important 
risk factors for cervical spine injuries [34]. In addition, 
degenerative changes can limit mobility and strength.

As the population ages, so does the portion of elderly per-
sons who are “physically functional but cognitively impaired.” 
For instance, patients with Alzheimer’s disease have an addi-
tional 14–20% greater reduction in total cortical and fore-
brain brain volumes than expected during normal aging [28, 
35]. One study documented 58.4 injuries per 100 person-
years in patients with Alzheimer’s disease [36]. More than 
50% of those injured required treatment, and the likelihood 
of injury was associated with cognitive impairment and func-
tional limitation.

Cardiovascular

With increasing age, myocardial contractility is depressed, 
and ventricular compliance falls for any given preload. The 
aged myocardium also fails to respond to heightened endog-
enous or exogenous catecholamines [37]. There is a fall in the 
maximum oxygen utilization, and maximum heart rate is 
reduced by about 30% between the age of 20 and 85 [38]. The 
incidence of dysrhythmia and subsequent syncope is 
increased, probably from conduction system ischemia [39]. 
Syncope may also be caused by medications, including 
b-blockers. Ventriculoarterial coupling is hampered by pro-
gressive arteriolar stiffening and loss of arterial elastance, 
leading to an increased frequency of orthostatic hypotension.

Cardiovascular disease is common in the elderly. Wilson 
described a 13.7% incidence of hypertension and 5.6% 
occurrence of symptomatic coronary artery disease (CAD) 
in a series of trauma patients over the age of 65. For those 
over 75 years of age, the incidence of symptomatic CAD was 
12.9% [40]. More recently, Bochicchio et  al. have demon-
strated a 17% incidence of hypertension and a 9% incidence 
of CAD in a slightly younger ( mean age of 43 years) cohort 
of critically ill trauma patients.[41].

Medications such as b-blockers, calcium channel block-
ers, or digoxin may blunt or inhibit tachycardia in response 
to acute intravascular volume loss and cloud the anticipated 
pattern of response to injury. In addition, CAD (especially 
right-sided coronary lesions) causes loss of autoregulation of 
coronary blood flow. Thus, as myocardial activity increases, 
the elderly can experience either occult or obvious cardiac 
ischemia with resultant pump failure [38]. In addition, some 
authors have reported as many as 78% of those over the age 
of 70 have amyloid deposits in the myocardium that can 
stiffen the heart and cause conduction defects and subsequent 
heart failure [11, 42].

The elderly cannot augment cardiac output and instead 
increase systemic vascular resistance [36]. This produces a 
falsely normal blood pressure and may very well correspond 
to profound shock. Scalea et al. have demonstrated that as 
many as 50% of those who had “normal” blood pressure in 
fact had evidence of occult cardiogenic shock and a subse-
quent poor outcome [16, 43].

Pulmonary

Elderly patients have a decreased respiratory reserve and 
decompensate quickly [44]. Decreases in respiratory func-
tion in the elderly result from changes in both the chest wall 
and the lungs [45, 46]. After the age of 30, a 4% per decade 
decrease in alveolar surface area results in a negative effect 
on gas exchange as well as forced expiratory flow [47]. 
Alveolar ducts enlarge, and the alveoli become flatter and 
shallower, reducing the area for gas exchange and leading to 
ventilation perfusion mismatch.

Decreases in chest wall compliance from anatomical 
changes such as kyphosis and a decline in respiratory muscle 
strength from muscle fiber atrophy lead to as much as 50% 
loss in maximal inspiratory and expiratory force [44]. 
Accessory muscles help to compensate for the decline in 
respiratory muscle atrophy. Lung elastance also progres-
sively declines, causing a collapse of small airways and 
uneven alveolar ventilation. This results in increased closing 
volume of the lung.

Additionally, responses to hypoxia and hypercapnia are 
decreased by 50 and 40%, respectively [44]. The aging 
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mucociliary function worsens, with fewer cilia per square 
centimeter. Secretion clearance is also impaired. This, in 
addition to poor dentition, increased oropharyngeal coloni-
zation, swallow dysfunction, and a decreased lower esopha-
geal sphincter tone, predisposes the elderly to aspiration 
pneumonia and pulmonary infection [44]. Gram-negative 
organisms predominate in the oral flora, increasing the risk 
of pulmonary infection from aspiration [47].

Osteopenia of the thoracic cage may increase the rate of 
pulmonary contusions, rib fractures, and pneumo- and hemo-
pneumothoraces as the bony thorax cannot absorb transmit-
ted kinetic energy. Accordingly, flail chest in the elderly 
correlates with prolonged mechanical ventilation [48]. In 
those with a flail chest, age has been shown to be the stron-
gest predictor of poor outcome and is directly proportional to 
mortality [49]. Elderly patients who sustain rib fractures 
have twice the mortality rate of younger patients with similar 
injuries [50]. The number of rib fractures increases, so does 
the incidence of pneumonia and death [50, 51]. Pain control 
is critical to allow deep breathing and prevent pulmonary 
complications.

Renal Disease

A number of structural changes occur in the kidney as one 
ages. Decrease in renal tubular length and thickening of 
basement membranes, as well as interstitial fibrosis and ath-
erosclerosis of capillary beds, lead to ineffective secretion 
and resorption abilities of the aging kidney [32]. Between the 
age of 25 and 85, 40% of the nephrons become sclerotic. In 
addition, between the age of 30 and 85, there is a 20–25% 
decrease in renal mass, from renal cortical loss [52]. By age 
80, the glomerular filtration rate (GFR) has decreased 
approximately 45%, but serum creatinine remains the same 
due to concomitant muscle mass loss [44]. Thus, serum crea-
tinine for a given level of renal function is falsely low.

The lower GFR causes a diminished ability to concentrate 
urine in the aging kidney. A concomitant decrease in response 
to aldosterone and antidiuretic hormone further prevents the 
kidney from producing concentrated urine. Furthermore, 
diuretics prevent the aging kidney from concentrating the 
urine and make urine output a less reliable marker for renal 
perfusion in the elderly.

Once injured, the elderly who have renal insufficiency or 
failure may have additional problems. The platelet dysfunc-
tion commonly seen with renal failure may lead to prolonged 
bleeding even after minor trauma. Electrolyte disorders, 
most notably hyponatremia, hypo- or hyperkalemia, hypo-
magnesemia, and hypocalcemia may cause dysfunctional 
neural transmission, cardiac dysrhythmias, seizures, mental 
confusion, muscular weakness, or syncope.

Drugs used to evaluate and treat the older trauma victim 
may further impair renal function. Extensive imaging with 
iodinated contrast may damage already impaired renal paren-
chymal and tubular system and lead to contrast-mediated 
nephropathy. Nonsteroidal anti-inflammatory drugs 
(NSAIDs) are frequently used to treat pain and avoid the 
sedative effects of narcotics, but use of these agents is associ-
ated with a significant risk of interstitial nephritis. Life-
threatening infections with gram-negative organisms may 
require aminoglycosides, but such therapy may induce renal 
dysfunction despite seemingly acceptable drug levels. 
Despite renal replacement therapies, acute renal failure in 
trauma patients results in a mortality rate of approximately 
50%, regardless of cause [53–55].

Musculoskeletal

Degenerative joint disease is common in the elderly and 
results in limited range of motion around major axial joints 
and puts the individual at high risk of injury. Lean body mass 
decreases by 4% every 10 years after the age of 25 and 10% 
every 10 years after the age of 50 [32]. Osteoporosis, with 
loss of up to 60% of trabecular bone and 35% of cortical bone 
[30], has been cited as a major factor contributing to the high 
incidence of fractures seen in elderly trauma patients [56].

Aging also influences the site of cervical spine fractures. 
In younger patients, the lower cervical spine region is more 
mobile and is the location of many cervical spine injuries. 
However, in the elderly, the lower cervical spine is less 
mobile due to degenerative changes, and the more mobile 
region of C1 and C2 is more often the site of injuries in the 
elderly [57].

Gastrointestinal

There is decreased hepatic function in the elderly due to a 
40% hepatic mass loss by the age of 80 [58, 59]. Preexisting 
liver dysfunction increases mortality after trauma [8, 20, 21]. 
Hepatic disease has the strongest effect on trauma mortality 
of all preexisting medical conditions and is associated with 
an increased mortality in elderly trauma patients with less 
severe injuries [8, 20]. Morris et  al. demonstrated that cir-
rhosis, in trauma patients of any age, increased the risk of 
dying, with an odds ratio of 4.5 [21].

The elderly trauma patients are at an increased risk of intes-
tinal infarction. Acute hemorrhage, neurogenic shock, or car-
diac dysfunction from acute injury can all result in low flow 
states. In the elderly with underlying vascular calcification or 
mural thrombus, any decrease in flow can cause significant 
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compromise to the bowel and result in intestinal ischemia. 
Additionally, geriatric patients often do not manifest perito-
neal signs and tend not to localize pain, making the diagnosis 
difficult [32]. This lack of peritoneal irritation can be a result 
of decreased abdominal musculature. In addition, polyphar-
macy, dementia, or Alzheimer’s can obscure the physical 
exam in the elderly, making the diagnosis of an intraabdomi-
nal injury more difficult.

Metabolic/Endocrine

By age 80, the elderly have lost almost 40% of their lean 
muscle mass [44]. During muscle breakdown for gluconeo-
genesis, critically ill patients lose a significant amount of 
muscle mass. As the elderly start with less muscle mass, the 
proportion of loss is greater [60]. Thus after injury, the 
elderly quickly become severely malnourished, and nutri-
tional support should begin early. A 2005 Cochrane review 
on nutritional supplementation in the elderly suggested that 
early nutrition reduced unfavorable outcomes, long-term 
complications, and days spent in rehabilitation [61].

The most notable endocrinopathy of aging is glucose 
intolerance. This hyperglycemia is a result of both decreased 
secretion of insulin and increased resistance to insulin [11, 
60, 62–64]. Increasing age is associated with an increase in 
serum glucose, but not an increase in insulin after mild or 
moderate trauma [63]. There is also a decrease in thyroid 
function and responsiveness to metabolic stress in the elderly. 
Aging cause fibrosis of the thyroid gland with a decrease in 
the amount of T3 released. This results in a lower basal meta-
bolic rate [32]. The elderly also lose their natural responses 
to cold and are at a higher risk of hypothermia [65, 66]. 
Warming, therefore, should be implemented as quickly as 
possible after injury.

Epidemiology of Injury in the Elderly

Falls

Falls are the most common injury in the elderly. Most falls 
occur in or about the home, with the greatest number during 
winter [67]. Most tend to be ground-level falls, while falls 
from great heights are uncommon [30]. Between 30 and 40% 
of the population over 65 years of age who live in the com-
munity sustain a fall each year [68–73]. This is higher for 
persons living in long-term care facilities [69, 70, 72]. About 
30–55% of falls in those over the age of 65 years cause minor 
injuries such as bruises and abrasions [73–75]. Fractures 
occur in 4–6%, 25% being hip fractures, while other major 

injuries requiring hospitalization occur in an additional 
2–10% [72, 76]. Elderly women are no more likely to fall, 
but sustain serious injury, usually fractures, more commonly 
than men [13, 77]. Men incur more CNS injuries and have 
higher mortality following falls [13]. This may be from 
higher risk-taking and underreporting of less severe fall inju-
ries in men [13].

Inability to get up after a fall is common. In one study, 
50% of the elderly could not get up without assistance from 
weakness or limited motion due to underlying musculoskel-
etal disabilities [77]. A large prospective study demonstrated 
that 14% of patients who fell were unable to get up after 
5 min or more, and 3% of patients were down for longer than 
20  min [73]. Another study showed that 41% of patients 
treated in an emergency room after a fall reported being 
unable to get up within 5 min, and 3% of patients lay on the 
floor for more than 3 h [78]. Prolonged down time can cause 
decubiti, dehydration, and even rhabdomyolysis.

Numerous studies [13, 76, 79, 80] have outlined the risk 
factors for falls among the elderly (Table 31.5). Debilitating 
chronic diseases such as parkinsonism, stroke, arthritis, 

Table 31.5  Risk factors for falls and fall-related injuries

Chronic debilitating diseases
  Parkinson’s
  Strokes
  Arthritis
  Anemia
  Dementia
  Neuromuscular disorders
Acute illnesses
Advanced age
Sensory impairments
Unsteady gait
Lower extremity weakness
Low body mass
Caucasian
Exercisea

Previous falls
Dependence for ADLs
Postural hypotension
Syncope
  Dysrhythmias
  Seizure
  Carotid stenosis
  Aortic stenosis
Medications
  Benzodiazepines
  Phenothiazines
  Antidepressants
  Diuretics
  Laxatives
  Diltiazem
ADLs activities of daily living
aExercise has an inconsistent effect on the incidence of falls and fall-
related injuries (see text)
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dementia, and anemia are more prevalent in the population 
of elderly who sustain falls [81]. Among the other factors are 
older age, Caucasian race, history of previous falls, polyp-
harmacy (especially psychotropic agents, diltiazem, laxa-
tives, and diuretics), dependence for activities of daily living, 
low body mass and impaired mobility, muscle strength, gait, 
balance, vision, hearing, and cognition [73, 75, 76, 82]. 
These factors have all been correlated with an increased risk 
of falls and fall-related injury. The role of exercise as a risk 
factor is not clear. Exercise may lead to increased coordina-
tion and strength. While some studies have shown significant 
decreases in the incidence of falls, exercise also increases the 
exposure of the elderly to possible fall scenarios [81].

Falls amongst the elderly result from complex interactions 
of structural and physiologic disabilities. The consequences 
of a fall depend on such factors as the kinetic energy gener-
ated during the fall as well as the ability of the body struc-
tures to absorb and the fall surface to accept the energy. In 
addition, the protective responses, the garments of the faller, 
and the direction and body location of the impact will affect 
the outcome of the fall [77]. Functional consequences of the 
aging process along with an alteration in cognition may lead 
to increased risk-taking. Lack of realization of their limita-
tions also predisposes the elderly to falls. Duthie suggested 
that approximately 25% of falls in the elderly were caused by 
an underlying medical problem [83]. Loss of muscle mass 
and changes in body composition result in decreased strength. 
Combined with a limited range of motion due to degenerative 
joint diseases, the elderly are less able to absorb the kinetic 
energy during a fall. Thus, many falls that are categorized as 
accidents are truly interactions between identifiable environ-
mental hazards and increased individual susceptibility to 
those hazards from accumulated effects of age and disease 
[72]. Therefore, management of the elderly fall victim must 
include an investigation into the cause of the fall, which can 
frequently be determined from a thorough history.

Falls lead to life-altering consequences in the elderly. 
Approximately 8% of the elderly population seeks emer-
gency care after a fall; 30–40% of older persons treated in the 
emergency department for a fall are hospitalized, with an 
average length of stay of 8–15 days [79, 84, 85]. In contrast 
to the younger patient seen in the ED after a fall, older patients 
usually do not die as a direct result of the fall. Instead, preex-
isting medical conditions and secondarily acquired compli-
cations are often the cause of death [21, 30]. As a result, 
complications from falls are the leading cause of death from 
injury in men and women over the age of 65 years [85].

The economic impact of falls in the elderly is huge. 
Numerous studies have attempted to estimate this financial 
impact; however, the wide variation on methodology makes 
it somewhat difficult to compare the results. Estimates range 
from $6.2 billion to $20 billion per year [86–89].

Motor Vehicle Collision

Motor vehicle collisions (MVC) are the second most common 
mechanism of injury in those 65 years of age and older. In 
2005, over 177,000 elderly people suffered nonfatal injuries 
as a result of a MVC [90]. Injury pattern, however, is indepen-
dent of age except for sternal fractures (11% elderly vs. 1.5% 
younger) [56]. Older drivers who are hospitalized after an 
MVC have significantly higher mortality rates, longer hospital 
stays, and are less likely to be discharged directly to their 
homes [91]. There is a greater frequency of intracranial hem-
orrhage and chest injury in the elder population that contribute 
to poor outcome as well. For similar injuries, older adults are 
five to six times more likely to die than their younger counter-
parts [30]. For those over 85 years of age, the fatality rate 
increases to seven to nine times that of younger drivers [92].

Elderly drivers appear to have lower crash rates compared 
with younger drivers, but they drive less often. When nor-
malized for the number of miles driven, the >65 years group 
has the second highest crash rate after new drivers. The 
>85 years group has the highest per-mile-driven crash rate of 
all age groups. The elderly are more likely to be involved in 
vehicle–vehicle crashes, usually during daylight hours, close 
to home and frequently at intersections [93]. Cook et  al. 
found that the elderly were no more likely to have a crash 
involving a right-hand turn but were more than twice likely 
to crash during a left-hand turn than younger drivers [94]. 
The elderly are also more likely to be found at fault by inves-
tigation officers [95].

Reduced vision or hearing, impaired judgment, and 
reduced reaction times are well recognized as factors leading 
to MVC in the elderly. Koepsell and coworkers showed that 
diabetes, especially when insulin-dependent, significantly 
increased the risk of a MVC with injury [96]. Rehm and Ross 
showed that elderly crash victims had a significantly higher 
incidence (74 vs. 14%) of underlying disease(s) such as car-
diac, hypertension, diabetes, or neurologic diseases than did 
victims in the young cohort [95]. In addition, alcohol is less 
often involved in MVCs involving the elderly compared to 
younger drivers [95, 97].

Pedestrian–Motor Vehicle Collision

McCoy et  al. showed the elderly were more likely to be 
involved in a pedestrian crash as a result of walking into 
oncoming vehicles, often due to confusion or impairment of 
visual or auditory acuity [56]. Reduced gait speed of the 
elderly pedestrian may be inadequate to complete the cross-
walk at time-controlled traffic intersections, leaving the elder 
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in the street exposed to inattentive drivers. In 1961, Haddon 
et  al. demonstrated an increased risk of pedestrian crashes 
and fatalities with increasing age [98]. Others have corrobo-
rated this association [99, 100].

Burns

Deaths from burns are the fifth most common cause of unin-
tentional injury death in the USA [101]. In 2005, there were 
approximately 3,200 fire/burn-related deaths in the USA. Of 
these, approximately one-third occurred in those over the age 
of 65  years [102], most of them sustained at home [103]. 
Diminished senses, impaired mentation, slower reaction 
time, reduced mobility, and bedridden states may decrease 
an elder’s ability to identify fire and also to escape harm. 
This may result in a more severe injury and an increased like-
lihood of death [104].

Extensive burn in the elderly has a poor prognosis; how-
ever, the fatality rates from burns in this age group are vari-
able. Lionelli et al. demonstrated an overall mortality of 47% 
in patients 75 years of age and older [105], while Covington 
et al. demonstrated a mortality of 60% in the same age group 
[106]. Lionelli also demonstrated a nearly 50% reduction in 
mortality when comparing rats in the 1970s to those in the 
1980s and 1990s (77 vs. 41%). A study by McGill and col-
leagues demonstrated a 72% survival in the elderly burn vic-
tim when aggressive burn care was used [107].

The discharge of an elderly burn patient must be well 
thought out. For those with minor burns, returning to their 
home with some assistance will most likely be adequate. For 
those who have suffered more severe injury, rehabilitation 
will be required. Most importantly, for those who return 
home, an in-depth evaluation of home safety modification 
helps prevent recidivism.

Elder Abuse

The US National Academy of Sciences defines elder abuse 
as: “(a) intentional actions that cause harm or create a serious 
risk of harm to a vulnerable elder by a caregiver or other 
person who stands in a trust relationship to the elder or (b) 
failure by a caregiver to satisfy the elder’s basic needs or to 
protect the elder from harm” [108]. The abuse includes phys-
ical, psychological, sexual, and financial, as well as neglect. 
Such injuries are considerably more subtle in their presenta-
tion than those from a physical assault.

Only 1 in 14 incidences of elder abuse come to the atten-
tion of the authorities [109]. Thomas estimated that the 

incidence of elder abuse ranges from 2 to 10% [110]. In a 
random-sample, community-based epidemiologic study, 
3.2% of those surveyed reported to having been victims of 
either physical, or psychological abuse, or neglect since they 
turned 65 [109]. This number may underestimate the magni-
tude of the problem owing to the victim’s reluctance to admit 
abuse for fear of loss of care, retribution from the abuser, or 
from being ashamed to be in an abusive relationship.

Risk factors should alert the healthcare provider to the 
diagnosis of abuse (Table 31.6) [111, 112]. Once suspicion is 
raised, the victim should be interviewed one-on-one to 
increase the likelihood of disclosure of the extent and details 
of the abuse. Victims may be embarrassed revealing such 
details to a group of health-care personnel. The details of the 
abuse should be documented completely in the medical 
record for the possibility of subsequent legal action. The 
physician who documents or suspects elder abuse is ethically 
obligated, and in most states legally bound, to report the case 
to an adult protective service agency.

The most important intervention is to protect the victim 
from danger. The victim may be reluctant to leave the care of 
their abuser because of ambivalence regardless of the per-
ceived danger. Unless the victim lacks the cognitive skills to 
make informed decisions, individual liberty must not be 
compromised. The physician should interview the abuser in 
a nonconfrontational fashion to better understand the situa-
tion. The physician should acknowledge and empathize with 
the difficulty of shouldering the burden of elder care. Armed 
with this additional information, the physician is better pre-
pared to intervene to break the abuse cycle.

Suicide

In 2004, suicide was the third leading cause of injury-related 
death for those 65 years of age and older [1]. Those over the 
age of 75 had the highest rate [113]. Only about 25% of the 
elderly who attempt suicide are actually successful [114]. 
Risk factors for suicide in the elderly population include psy-
chiatric disorders, especially depression; medical conditions, 
especially cancer or chronic lung disease; moderate to heavy 

Table 31.6  Risk factors for elder abuse

Increased frailty of the victim
Cognitive impairment of the victim
Mental illness of the abuser
Substance abuse by the abuser
Family history of violence or antisocial behavior
Victim and abuser live together
Isolation of the victim
Recent life stress
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alcohol use; and social isolation. Changes in behavior such 
as altering a will, new preoccupation with religion, or giving 
away life possessions may be warning signs of impending 
suicide.

Management

Triage

Triage for the geriatric patient should provide the appropri-
ate intensity of medical care, taking into account factors 
including severity of injury, cost, availability, prognosis for 
functional recovery, and patient desire. This process begins 
in the prehospital setting when decisions must be made 
regarding the appropriate facility [115]. In 2006, The 
American College of Surgery Committee on Trauma sug-
gested that patients over the age of 55 years be triaged to a 
trauma center [116]. However, in reality, the elderly are the 
most undertriaged group and suffer increased morbidity and 
mortality as a result of underresuscitation [117].

Many of the physiologic and anatomic scores used in 
trauma correlate with outcomes in geriatric patients; how-
ever, these scores have little value in that they are not deriv-
able at the time when triage decisions are made. The Trauma 
Score (TS), comprised of blood pressure, respiratory rate, 
respiratory effort, GCS, and capillary refill is readily obtain-
able and can be used to assist in triage. The minimal score is 
0, and the maximal score is 16. The Revised Trauma Score 
(RTS) eliminates respiratory effort and capillary refill, result-
ing in a score range of 0–8. Osler et al. demonstrated that no 
patient with a TS < 7 survived to reach the hospital and that 
no patient arriving at the hospital with a TS < 9 survived the 
hospitalization [118]. Knudson and colleagues demonstrated 
a 100% mortality in those 65 years of age and older having a 
TS < 7 [119]. This suggests that when geriatric patients have 
a TS < 7, one must question the utility of aggressive treat-
ment and resource allocation. A study of 374 patients over 
the age of 65 demonstrated an overall mortality of only 5% 
in those with a TS of 15 or 16, 25% in those with a TS of 
12–14, and 65% in patients with a TS < 12 [120]. These data 
suggest that appropriate triage and aggressive care, including 
admission to an ICU, for those with a TS of 7–14 may 
improve survival.

Initial Management and Resuscitation

The first few minutes of resuscitation of the elderly trauma 
victims differs very little from that of younger patients. Early 
intubation in the multi-injured elderly trauma patient should 

be considered as it reduces the work of breathing and 
may avoid progressive respiratory failure and cardiovascular 
collapse. As the elderly have limited cardiovascular reserve, 
they are vulnerable to hypotension from induction agents, 
and reduced doses should be used. In addition, limited pul-
monary reserve may make preoxygenation difficult, causing 
rapid desaturation during intubation.

A normal blood pressure for a younger patient may be a 
relative hypotension for an elderly patient with history of 
hypertension. Geriatric patients are more likely to present in 
shock than younger patients matched for trauma and ISS 
[121]. In the Major Trauma Outcome Study (MTOS), 
Champion et al. showed that geriatric patients had four times 
the incidence of cardiovascular complications as the young 
cohort, supporting the importance of improving cardiovascu-
lar response of the elderly trauma patient to maximize sur-
vival potential [3].

Scalea and colleagues demonstrated that significant 
hemodynamic compromise occurs in elderly patients who 
were clinically stable after their initial evaluation for blunt 
trauma [43]. Over a 2-year period, all patients over the age of 
65 who were hemodynamically stable after their initial resus-
citation had pulmonary artery catheters (PACs) inserted. The 
authors defined patients to be in cardiogenic shock if they 
had a cardiac output (CO) of less than 3.5 L/M and/or a 
mixed venous saturation (MVO

2
) of less than 50%. They 

demonstrated an increase in survival from 7 to 53% by early 
optimization of all patients with volume, inotropes, and 
afterload reduction. The authors concluded that emergent 
invasive monitoring identifies occult shock early and 
improves outcome. Schultz et  al. performed a randomized 
trial of resuscitation in 70 patients with fractures of the hip 
[122]. The monitored group had a PAC placed, while the 
control group only had a central venous line placed. Despite 
numerous weaknesses in the study, the mortality for the 
monitored group was 2.9% and was 29% in the control 
group. In addition, DeMaria et al. concluded that aggressive 
treatment, including invasive monitoring, decreased mortal-
ity in trauma patients over 75 years of age [123]. To avoid 
potential complications associated with PACs, efforts have 
been made to develop alternative, less invasive techniques of 
cardiac output monitoring. Although initial studies have 
shown comparable accuracy and precision between the PAC 
and newer less invasive techniques, further studies are ongo-
ing [124, 125].

Davis and Kaups showed that admission base deficit (BD) 
levels correlate with mortality in the geriatric population 
[126]. Although the authors used 55 years as their cutoff, a 
BD £−10 had an 80% mortality, −6 to −9 a 60% mortality, −3 
to −5 a 23% mortality, and ³−2 had an 18% mortality 
(Fig. 31.2). Other studies correlated the rate of serum lactate 
clearance after trauma with survival [127, 128]. Patients 
had a mortality rate over 75% if it took more than 48 h to 
normalize lactate.
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Management Considerations for Specific 
Injuries in the Elderly

Head Injuries

In persons 65 years of age and older, traumatic brain injury 
(TBI) is responsible for over 80,000 ED visits annually [129]. 
In 2006, over 2.8 billion dollars were spent on treating TBI in 
those older than 65 years [130]. Falls are the leading cause 
(51%), while MVCs are a distant second (9%) [129]. As 
many as 73% of elderly TBI patients may have at least one 
comorbid condition as compared to only 29% of younger 
patients [131]. Treatment of some of these chronic conditions 
includes the use of aspirin and warfarin, which increases the 
risk of TBI in the elderly. A study by Lavoie et al. found that 
9% of the older patients with TBI were taking warfarin pre-
injury and that it was associated with more severe TBI and a 
higher rate of mortality [132]. Older age has been well recog-
nized as an independent predictor of worse outcome after 
TBI, even with relatively minor head injuries [133, 134] 
(Fig. 31.3). Older TBI patients also have been found to have 
longer length of stays, resulting in greater cost of care [135].
Significant TBI in the elderly can be caused by minimal 
trauma and may initially present with little or no neurologic 
deficits. In elderly patients with mild TBI (GCS 13–15), 14% 
of patients have a lesion on CT scan, four of which required 
neurosurgical intervention [136]. These authors recom-
mended CT scan for patients over 65 years of age presenting 
with TBI. Due to the atrophy of the elderly brain, the dis-
tance traversed by the bridging veins is increased. This 
increased distance allows intracranial hemorrhages to have 
significant amount of room to expand prior to demonstrating 
any clinical signs. Thus, subdural hematomas are three times 
more common in the elderly [137].

Management of the head-injured elder is generally simi-
lar to that of the head-injured young patient: specifically 
rapid diagnosis of the specific neurologic injury using head 
CT scans and avoidance of secondary brain insult resulting 
from hypotension and hypoxia. Intracranial pressure (ICP) 
monitoring is paramount as is ensuring adequate cerebral 
perfusion pressure (CPP). A study by Czosnyka et al. dem-
onstrated that ICPs decrease in the elderly, with a resultant 
increase in CPP [133]. The authors also demonstrated that 
there is a decrease in autoregulation in the elderly. Current 
guidelines for CPP management may not be appropriate for 
the elderly. Comorbidities may affect the responsiveness and 
perfusion needs of the cerebral vasculature in these patients.

Some studies have shown that preinjury warfarin use 
in the elderly had no effect on mortality in trauma patients 
[138, 139]. However, others have shown that it is, in fact, 
associated with increased frequency and severity of TBI, 
and a higher mortality [132, 140]. A study by Fortuna et al. 
demonstrated that those with a hemorrhagic brain injury on 
warfarin had a 34% mortality [141]. This was compared to 

Figure 31.2  Mortality rate by 
base deficit category and age 
(reprinted with permission from 
Davis and Kaups [126]).
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those taking aspirin or clopidogrel, who had a mortality of 13 
and 6%, respectively. All patients were similar in age and 
had similar ISS and head abbreviated injury score (AIS).

Any patient who has a traumatic hemorrhagic brain injury 
and an elevated INR should have the warfarin reversed. The 
risk of immediate mortality, related to the TBI, far outweigh 
risk for adverse thromboembolic events from the preexisting 
condition. Traditionally, fresh frozen plasma (FFP) has been 
used. Using a reversal protocol of 2 units of uncrossed FFP 
followed by an additional 2 U of matched FFP, Ivascu et al. 
demonstrated decreased reversal time from 4.3 to 1.9 h, with 
a subsequent improvement in mortality from 50 to 10% 
[142]. However, large volumes of FFP are often required to 
fully reverse warfarin. This can cause pulmonary edema and 
volume overload in the elderly patient with compromised 
cardiac and/or renal function. Alternatives to FFP do exist. 
Stein et  al. demonstrated that a single dose on 1.2  mg of 
recombinant activated factor VIIa (rfVIIa) rapidly and effec-
tively treats mild to moderate coagulopathy following injury 
[143]. In addition, they demonstrated that rfVIIa reduced the 
time to neurosurgical intervention (144 vs. 446  min) and 
decreased the use of blood products, without increasing the 
rate of thromboembolic complications [144]. In addition, 
despite having an increased pharmacy cost for those who 
have received rfVIIa, overall, the use of rfVIIa may actually 
decrease overall hospital charges [145]. Other alternatives 
include prothrombin complex concentrates (PCCs) as well 
as vitamin K and cryoprecipitate. Cartmill et  al. demon-
strated a more complete and quicker reversal time in patients 
on warfarin needing an emergent neurosurgical intervention 
using PCCs compared to FFP and vitamin K [146].

Elderly trauma patients on warfarin with TBI are par-
ticularly susceptible to clinical deterioration. In a recent 
study by Cohen et  al., 56 of 77 patients with a GCS of 
13–15 who were either discharged or admitted for observa-
tion had a clinical deterioration with a mortality rate greater 
that 80% [147]. As a result, any elderly patient on warfarin, 
with head trauma and a therapeutic INR, should be admit-
ted and observed for a minimum of 12–24  h even if the 
initial head CT scan shows no injury [148]. A repeat CT 
scan should be done for any change in the patient’s neuro-
logic exam. 

Spinal Injuries

Cervical fractures have a prevalence of 2.6–4.7% in patients 
older than 65 years [149, 150]. Low-energy falls are the most 
common mechanism among the elderly [151]. Injuries at the 
upper cervical region are associated with the longest hospital 
treatment. Golob et al. demonstrated a 22% in-hospital mortality 
in elderly patients with isolated cervical spine fractures [152].

Patients who are awake, alert, nonintoxicated, have no 
cervical tenderness, neurologic deficit, or distracting injury 
do not need any radiographic evaluation, regardless of age 
[153]. Although the three-view plain radiograph has been the 
traditional initial modality for cervical spine evaluation, 
many now use CT as the initial evaluation tool for cervical 
spine injury due to the high rate of missed injuries on plain 
films [154–159]. If a neurological deficit is present, then 
magnetic resonance (MR) should be used to evaluate liga-
mentous and/or spinal cord injury [160, 161].

Cervical stabilization is the primary end point, be it with a 
cervical collar, halo, or operation. A 1985 report by Pepin 
et al. stated that patients with odontoid fractures who were 
over the age of 75 years did not tolerate a halo and that surgi-
cal stabilization and an appropriate brace were superior [162]. 
Halo alone led to an increased rate of pneumonia and decu-
biti. In contrast, Malik et al. used a halo for ten patients over 
the age of 75 years, and most tolerated the halo relatively well 
[151]. Additionally, Weller et  al. reported no complication 
with halo usage in patients over the age of 70 years [163]. The 
halo allows for mobilization in the early postinjury period, 
which is paramount in reducing complications.

Central cord syndrome (CCS), usually resulting from 
hyperextension, is more likely to occur in the elderly due to 
underlying cervical stenosis [93]. Patients usually present 
with upper extremity weakness that is greater than lower 
extremity weakness. A 1990 study by Penrod et al. demon-
strated that at follow-up, 97% of younger patients with CCS 
were ambulatory, whereas only 41% of the elderly with 
CCS were able to walk. In addition, the younger patients 
with central cord syndrome achieved independence in self-
care of bladder and bowel function more frequently than did 
the older group [164, 165]. DeVivo et al. demonstrated that 
the elderly, defined as those aged 61 years and older, had a 
59% 2-year survival as compared to 95% in a younger 
cohort [166].

Thoracic Injuries

The elderly have a higher mortality from chest trauma as a 
result of the initial injury as well as secondary pulmonary 
insults [167, 168]. Routine use of cardiac enzymes, electro-
cardiogram (EKG), and echocardiography to identify cardiac 
injuries may be beneficial. Early intubation and mechanical 
ventilation should be considered for any elderly trauma 
patient that shows signs of respiratory compromise. Although 
intubation may increase pneumonia and the need for tracheo-
stomy, the procedure may be lifesaving.

A number of studies have focused on rib fractures in the 
elderly and subsequent outcome. Cameron et al. demonstrated 
increased morbidity in the elderly with multiple fractures 
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compared to younger patients [169]. In 2000, Bulger et  al. 
retrospectively evaluated patients over the age of 65  years 
with rib fractures compared to those younger than 65 [50]. 
Despite similar ISS and chest abbreviated injury score (AIS), 
the elderly had fared significantly worse in all outcome mea-
sures (Table 31.7). Sharma and colleagues also demonstrated 
a twofold increase in mortality in the elderly with rib fractures 
[170]. Mortality increased as the number of rib fractures 
increased [50, 170] (Figs. 31.4 and 31.5).

Traumatic aortic injures (TAI) are often initially suspected 
by a widening of the mediastinum on a plain chest X-ray. 
Prior to the widespread use of CT scan, TAI was definitively 
diagnosed with the use of angiography. Over the last 10 years, 
there has been a significant change in the management of 
TAI from the traditional, standard operative repair (OR). 
A 1994 study by Camp et al. that compared OR in the young 
and the elderly demonstrated a 163-fold increased likelihood 
of mortality in the elderly [171]. In a 2006 study, Hirose et al. 
showed promise with nonoperative management in some 
high-risk elderly patients with small aortic tears [172].

Endovascular stent grafts (SG) were initially used for 
high-risk, multiply injured patients or those with comorbid 
disease, i.e., the elderly [173]. However, many centers now 
use them as their initial treatment of choice for TAI [174]. 
A 2008 multicenter American Association for the Surgery of 
Trauma (AAST) study compared 193 patients who had either 
an OR or endovascular SG for a TAI [174]. The study did not 
specifically breakdown outcome by age; however, using 
multivariable analysis, those over the age of 55 who received 

Table 31.7  Outcome measures

Parameter

Age (years)

p Value³65 18–64

Mean ventilator days   4.3 ± 9.2   3.1 ± 9.2 =0.16
Mean ICU days   6.1 ± 10.0   4.0 ± 9.4 <0.05
Mean hospital days 15.2 ± 16.5 11.0 ± 13.1 <0.01
Mortality (%) 22 10 <0.001
Source: Reprinted from Bulger et al. [50] with permission from Wolters 
Kluwer Health
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Figure 31.4  Relationship between mortality and number of rib fractures 
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an endovascular SG had a significantly lower mortality. 
Unfortunately, the rates of long-term complications including 
delayed leak, migration, and thrombosis are currently 
unknown. It seems reasonable to assume an overall benefit 
for the elderly to have an SG placed as opposed to a thoraco-
tomy performed.

Abdomen/Pelvis Injuries

Significant intraabdominal injury occurs in approximately 
one-third of elderly patients with multisystem trauma [175]. 
The clinical abdominal exam is less reliable in the elderly, and 
as such, liberal use of diagnostic studies is recommended [14, 
175]. Ultrasound appears to be a reliable initial radiographic 
modality for evaluating an intraabdominal injury. Although 
free fluid on an ultrasound suggests an injury, it cannot differ-
entiate between a solid organ injury and a hollow viscous 
injury. A study by Rozycki and colleagues demonstrated that 
ultrasound had an overall sensitivity of 83.3% and specificity 
of 99.7% [176]. In blunt trauma patients who were hypoten-
sive (systolic blood pressure <90 mmHg), both sensitivity and 
specificity were 100%. Although the study did not evaluate the 
elderly per se, the oldest person in the study was 84 years old.

CT scan can be used to evaluate a hemodynamically stable 
patient to identify the presence of intraabdominal injuries. An 
IV contrast agent is typically used to better identify vascular 
injuries. This can often be problematic in the elderly for a 
number of reasons. Interactions with specific medication, such 
as metformin, can cause a lactic acidosis. In addition, contrast-
induced nephropathy can be as high as 25% in patients with 
preexisting renal dysfunction, diabetes, advanced age, and 
concurrent usage of nephrotoxic drugs [177]. A meta-analysis 
suggested that pretreatment with N-acetylcysteine was most 
effective in preventing contrast-induced nephropathy [178]. 
However, most of the studies used pretreatment for 24  h, 
which is not feasible after injury. Merten et al. demonstrated 
that a protocol using pre- and posttreatment with bicarbonate 
was more effective than saline alone in preventing contrast 
nephropathy [179]. A 2006 review by Pannu et al. supports 
the use of hydration, bicarbonate, and low volumes of iso- or 
low-osmolar contrast in at-risk patients [180].

Nonoperative management of blunt splenic injuries has 
become standard of care. Early studies showed a high failure 
rate for those over the age of 55 years [181–183]. Recently, 
however, this has been challenged, and a number of studies 
have shown that age is not associated with increased failure 
rate [184–186]. Thus, age over 55 years is no longer consid-
ered a contraindication to nonoperative management of 
splenic injuries. Clinicians must monitor those with high-
grade injuries and free pelvic fluid closely, as they have a 
higher failure rate.

Fractures

Hip fractures remain the most frequent cause of hospital 
admission after trauma in the elderly. Liberal use of CT scan 
or MR is wise in patients with high index of suspicion for 
fracture with negative plain radiographs [187]. Myers et al. 
showed that the mortality for men with hip fractures was 
60% higher than for women [188]. In addition, factors asso-
ciated with in-hospital death included sepsis, pneumonia, 
and gastrointestinal disorders. The risk of dying after hip 
fracture was doubled in patients with cardiac disease, cancer, 
or cerebrovascular disease. These authors concluded that the 
most important complication leading to in-hospital deaths 
after a hip fracture was sepsis.

Almost 30 years ago, Laskin et al. proposed a manage-
ment scheme for intertrochanteric fractures in the elderly. 
This included early rigid fixation using compression hip 
screws to allow early mobilization and immediate weight 
bearing to assist with vigorous pulmonary toilet [189]. 
The  longer the elderly remain bedridden, the more likely 
they are to have complications, including atelectasis, pneu-
monia, need for mechanical ventilation, venous thrombosis, 
muscle atrophy, and skin breakdown, all leading to longer 
hospital stay and increase in mortality. Thus, early orthope-
dic consultation, fracture fixation, and physical therapy are 
warranted.

Pelvic fractures are common in the elderly. A 2002 study 
by Henry et  al. demonstrated that most elderly patients 
have lateral compression fractures, which are usually not 
associated with significant bleeding [190]. However, the 
authors found that the elderly are more likely to have frac-
ture-associated hemorrhage and require angiography. In 
addition, the outcome for older patients with pelvic frac-
tures was significantly worse than for younger patients. 
Recognizing these differences in fracture and bleeding pat-
terns in the elderly identifies those at high risk and helps 
guide resuscitation.

Few studies have investigated management of other spe-
cific fractures in the elderly. Roumen et al. found that exter-
nal fixation for unstable Colles’ fractures was no more 
effective than nonoperative management in the elderly [191]. 
Ritchie et al. noted good limb salvage for open tibial frac-
tures in patients over 60 years of age. Thus, age alone should 
not represent a contraindication to limb salvage in patients 
with severe open fractures and concomitant vascular injuries 
[192]. Helfet et al. reported that open reduction internal fixa-
tion (ORIF) of displaced acetabular fractures can yield good 
results in the elderly and obviate the need for a total hip 
replacement [193]. Bogner and colleagues demonstrated 
that a percutaneous reduction and internal fixation of the 
proximal humerus in patients over the age of 70 years pro-
vided a comfortable and mobile shoulder [194]. The authors 
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state  that this less invasive method provides a satisfactory 
alternative to replacement and traditional techniques of 
internal fixation.

Burns

Advances in burn care over the past 50 years have improved 
mortality rates across all age groups [195]. Although the 
elderly have a reduced rate of survival with less severe burns 
than their younger counterparts, the long-term outlook for 
those who do survive is somewhat optimistic. Manktelow 
et al. reported that 53% of those burned elders who survived 
did not have a more dependent living status on discharge 
[196]. Another 8% of patients achieved independent status 
within 5 years of the burn. Discharged patients did not have an 
accelerated death rate compared to that of the unburned popu-
lation. In addition to the standard management of burn vic-
tims, the elderly present other challenges. The elderly burn 
victim may suffer hypoperfusion in the face of normal vital 
signs and adequate urine output. Bowser-Wallace et al. advo-
cated hemodynamic monitoring for routine management of 
severe burns in the elderly [197]. They noted excellent sur-
vival in the elderly who were resuscitated with hypertonic lac-
tated saline. Early wound closure has been viewed as a major 
advance in the management of young burn patients, resulting 
in decreased length of hospitalization and decreased mortality. 
Kara et al. demonstrated that early excision and grafting in the 
elderly yielded fewer episodes of infection, resulting in a 
reduction in hospital stay, but it did not improve survival 
[198]. Others have shown improvement in survival of elderly 
burn patients with early excision and grafting [199, 200].

Rehabilitation

The aim of rehabilitation is “to restore an individual to his/her 
former functional environmental status or, alternatively, to 
maintain or maximize remaining function” [201]. Unlike 
younger patients in whom rehabilitative outcomes are more 
apt to be dramatic, the geriatric patient is likely to make subtle 
progress. The degree of independence the patient is able to 
attain is dictated by these modest achievements and can mean 
the difference between living at home and living in a long-term 
care facility [201]. For many elders, independence is their 
ongoing reason to live. The physician caring for the injured 
elder must understand the importance of attaining or maintain-
ing independence for their elderly patients and do whatever is 
necessary to achieve this. The elderly with chronic debilitating 
disease more frequently require rehabilitative services follow-
ing trauma because of the limitations imposed by injury.

Long-Term Outcome

It is generally accepted that both short- and long-term 
outcomes after injury are considerably worse in the elderly 
than in younger patients. Despite this, The Eastern Association 
for the Surgery of Trauma (EAST) practice guidelines 
recommend that age should not be used as a criterion for 
limiting care as with aggressive initial management because 
as many as 85% return to independent living [117]. Others 
have demonstrated somewhat less promising outcomes of the 
injured elderly. A study of 38,000 patients over the age of 65 
demonstrated that 50% went home and that 25% were dis-
charged to a skilled nursing facility [202]. Taylor et al. dem-
onstrated a nearly twofold increase in mortality risk in 
geriatric trauma patients even after controlling for comorbid 
diseases [5]. Inaba et al. reported in a study of injured elderly 
that, at long-term follow-up, only 68% of patients were living 
independently as compared to 98% before injury. Furthermore, 
an additional 20% required skilled home care [203].

Prevention

The first step toward prevention of injury is to recognize the 
individuals who are most likely to suffer injuries. Many of the 
factors that predispose the elderly to injury should be discov-
ered on routine history-taking in the elderly patient. There are 
three injury-prevention approaches: (1) preevent strategies, 
focusing on increasing public awareness through education 
or influencing legislation, (2) event strategies, which involve 
interventions to reduce energy transfer during the injury, and 
(3) postevent strategies, which deal with efforts to improve 
resuscitation and reduce complications. In the elderly trauma 
population, the first two hold the most promise.

As an example, geriatric care groups have developed 
interventions such as home safety inspections, modifying 
medications known to affect balance adversely, gait training, 
and improving any correctable sensory deficits in an effort to 
reduce the incidence of falls. MVCs may potentially be 
avoided by identifying and reporting individuals who are 
unfit drivers. This includes persons with visual or hearing 
deficits, dementia, or disabling musculoskeletal disorders, 
and those using medications that decrease driving skills. In 
an effort to refresh skills and update traffic knowledge, driver 
education courses for adults over 55 years of age have been 
established by the American Association of Retired Persons 
(AARP) and the National Retired Teachers Association. 
Retting et al. showed that a pedestrian accident-prevention 
program significantly reduced the fatal and serious injury 
occurrence by 43 and 86%, respectively [204]. This program 
implemented prolongation of traffic-light times to accommo-
date the decreased gait of the elderly, modifications of road 
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and crosswalk signs, tighter speed-limit enforcement, and 
safety-education presentations at senior centers.

End of Life/Withdrawal of Care

End-of-life and withdrawal-of-care discussions are often 
very difficult for families as well as the care providers. 
Although many elderly have advanced directives or living 
wills prior to getting injured, many do not. Despite good 
intention, the documents are often not helpful. It is then left 
to members of the patient’s family to help guide the physi-
cian to provide the care the patient would want. It is often 
difficult to get the families to understand that they are to 
make decisions based on what their loved one would want, 
not what they would want.

The discussion regarding end of life and withdrawal of 
care is often a multistep process. The decision not to perform 
cardiopulmonary resuscitation or to intubate is often the first 

decision that families make. Often, it takes families some 
time to come to the reality that despite all medical advances, 
their loved will not survive. It is imperative to get as many 
family members as possible that want to be involved in the 
decision process together at one time. Although there is a 
hierarchy of legal decision makers, having all family mem-
bers agree on the decision, can be critical. Utilizing pastoral 
care and or palliative care services often makes the process 
easier for all involved.

When the decision is made by the family to withdraw 
care, the physician must ensure a smooth process. Some 
families want to be present during the removal of life sup-
port, some do not. Adequate narcotics and sedatives help 
prevent any additional suffering. In addition, adequate medi-
cation can help minimize any visual discomfort, especially 
during removal from the ventilator. Turning off monitors 
and intravenous pumps and ensuring a quiet peaceful atmo-
sphere for the patient and family enhances the family’s 
experience. 

Case Study

AB, a 77-year-old female, with past medical history of 
atrial fibrillation, hypertension, and osteoporosis, was a 
restrained driver involved in a motor-vehicle collision. 
The patient was t-boned on the driver side by a car travel-
ing at approximately 45 miles/h. On arrival, she denies 
any loss of consciousness, complains of some left-sided 
hip pain, which is worse with movement. In addition, she 
complains of left-sided chest pain, which is worse with 
deep inspiration. She denies any abdominal pain or back 
pain.
Past medical history: atrial fibrillation, hypertension, and 

osteoporosis
Past surgical history: appendectomy
Medications: warfarin, aspirin, metoprolol, alendronate, 

and multivitamin.
Allergies: none
Social history: denies alcohol, tobacco, or drug use
Family history: noncontributory

Physical Exam

Vital signs:

Height – 65 in.
Weight – 65 kg
Heart rate – 70 beats/min
Blood pressure – 105/60 mmHg

Respiratory rate – 30 breaths/min, shallow in nature
Oxygen saturation – 95% on 6 L by nasal cannula
EKG – rate-controlled atrial fibrillation

On exam, there is a left-sided scalp hematoma and 
small laceration that is not currently bleeding. The patient 
has significant left-sided rib tenderness on palpation; no 
subcutaneous soft tissue air is appreciated. She also has 
significant right hip and pelvis pain on palpation. The 
pelvis does not appear to be unstable. Distal extremities 
are cool to the touch. Pulse is intact. All other aspects of 
the physical exam are normal.

Lab work:

Sodium – 139 mmol/L Chloride – 109 mmol/L
Potassium – 4.0 mmol/L Bicarbonate –  

19 mol/L
Glucose –  
100 mg/dl

BUN – 35 mg/dl Creatinine – 1.75 mg/dl
White blood cell count – 12 k/mcl	 INR – 2.1
Hemoglobin – 10 g/dl PTT – 30 s
Hematocrit – 32.0% PT – 19.5 s
Platelets – 175 k/mcl
Serial cardiac enzymes are normal
Lactic acid – 4.5 mmol/L

Arterial blood gas:

pH – 7.30
pCO

2
 – 40 mmHg

pO
2
 – 90 mmHg

O
2
 Saturation – 95%

Base deficit – 6.5 mmol/L

(continued)
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Radiographs:

Chest X-ray – multiple left-sided rib fractures, no pneu-
mothorax, no hemothorax

CT scan

Head – scalp contusion, no intraparenchymal hemorrhage
Cervical spine – degenerative changes, no acute fractures 

or subluxations
Chest with IV contrast – left-sided rib fractures 5–10, no 

pneumothorax, small hemothorax, normal aorta
Abdomen/pelvis with IV contrast – left-sided inferior 

and superior rami fracture. Left-sided sacral fracture. 
Active extravasation in the pelvis. No solid or hollow 
viscous organ injury

Things to Consider

	1.	 Early intubation in an elderly person with multiple rib 
fractures and labored breathing.

	2.	 Insertion of an epidural catheter for administration of 
narcotics to assist with pulmonary toilet in setting of 
multiple rib fractures.

	3.	 Mild hypotension and normal heart rate in setting of 
acute trauma may be related to medications patient is 
taking, i.e., beta blockers.

	4.	 Administration of IV contrast for CT scan in the 
elderly patient with a decreased GFR and creatinine 
clearance.

	5.	 The need for warfarin reversal in lieu of active bleed-
ing in the pelvis.

	6.	 The method by which warfarin can be reversed.
	7.	 The need for invasive monitoring in the elderly trauma 

patient.

Hospital Course

AB received 2 U of fresh frozen plasma, which corrected 
her INR to 1.5. Her elevated INR and the fact that she has 
been on aspirin precluded her from getting an epidural 
catheter for pain management. However, she did receive 
a patient-controlled analgesia (PCA) pump to help with 
pain control and assist in pulmonary toilet.

Due to AB’s signs of hypoperfusion including cold 
extremities, acidosis, and base deficit, a pulmonary artery 

catheter was placed. Initial cardiac index was 1.8 L/min/
m2, and mixed venous oxygen saturation was 55%. She 
was started on 2.5  mcg/kg/min of dobutamine, and a 
transthoracic echocardiogram was ordered.

Based on her abdominal and pelvic CT scan, it was 
felt that AB would best benefit from an interventional 
radiology consult, for possible embolization to stop 
her pelvic bleeding. At this time, AB was ordered a 
bicarbonate infusion as a strategy to help protect her 
renal function in the setting of an additional IV dye 
load. In addition, orthopedics was consulted regarding 
her pelvic fracture.

AB had successful angioembolization of pelvic bleed-
ing; however, upon arrival at the intensive care unit, her 
work of breathing had increased. This was most likely 
multifactorial in nature, including volume from the fresh 
frozen plasma, volume from the bicarbonate infusion as 
well as supine posture for the angiographic procedure. 
AB was subsequently intubated for airway protection and 
maintenance of adequate oxygenation and ventilation.

The next day, AB had a repeat head CT to rule out 
delayed intraparenchymal hemorrhage, which was nega-
tive. The transthoracic echocardiogram demonstrated 
mildly depressed left ventricular function with an ejection 
fraction of 35% and no other abnormalities. Repeat lab 
values were significant for a decrease in hematocrit to 23% 
and a rise in the creatinine to 2.1 mg/dl; however, AB had 
adequate urine output. Because of the decreased hemat-
ocrit, she received 2 U of packed red blood cells. Following 
the transfusion, her cardiac index and mixed venous satu-
ration were 2.9 L/min/m2 and 68% respectively. Thus, AB 
was weaned off her dobutamine without incident.

Six days into her hospital course, AB was weaning 
from the ventilator, hemodynamically stable, and the pul-
monary artery catheter had been removed. At this point, 
it was felt safe to place an epidural catheter for pain man-
agement to help facilitate extubation. AB was success-
fully extubated; however, approximately 36 h later, she 
was reintubated due to increased work of breathing and 
dropping oxygen saturation. After a discussion with her 
family as well as AB, it was determined that the safest 
thing for her was, as there was a likelihood of getting her 
successfully off the ventilator, to perform a tracheostomy. 
On day 9 of her hospital stay, AB had a tracheostomy 
performed and within 48  h, she was off the ventilator. 
She subsequently passed a swallow study and was able to 
eat on her own. Thirteen days after admission, AB was 
transferred to a rehabilitation center for further care.

Case Study  (continued)
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A higher and higher percentage of surgical procedures are 
now being done on patients 65 and older. The successful out-
come of these procedures goes beyond traditional concerns 
about morbidity and mortality. For most patients, the most 
important result of these procedures is the ability to continue 
to live independently. Hospitalizations and surgical proce-
dures often result in a decrease of older persons’ ability to care 
for themselves, resulting in the need for daily care at home or 
nursing home placement. Surgeons must understand how to 
return their patients to the highest possible level of function, if 
they are going to provide them the best possible care.

Katz in 1963 outlined those functions that an individual 
must be able to do independently to live without the assis-
tance of another individual. These “activities of daily living” 
include the ability to bathe, groom, dress, feed, and toilet one-
self independently, as well as being able to transfer out of bed 
or chair and walk independently [1] (Table 32.1). “Instrumental 
activities of daily living” describe higher levels of activities 
needed to live independently in the community. These include 

preparing meals, shopping, using the telephone, cleaning one’s 
home or apartment, driving or using public transportation, 
and managing one’s own finances.

The ability to perform daily living activities is not only 
essential for the independence and life satisfaction of older 
adults, but also is the single most important predictor of mor-
tality for older individuals. Virtually every study of progno-
sis has found that these seven daily living activities are more 
strongly associated with mortality than standard physiologic 
parameters. In many studies, the only condition that has a 
larger impact on mortality than function is metastatic cancer 
[2]. Difficulty with these daily living activities is also strongly 
predictive of nursing home placement.

Unfortunately, the process of hospitalization itself often 
causes a decline in function in older individuals; and 35–50% 
of patients over 65 experience a decline in function during 
hospitalization [3]. This decline is often unrelated to the rea-
son for hospital admission and is associated with a prolonged 
hospital length of stay, increased need for nursing home 
placement, and increased mortality [4].

Older individuals are at a much higher risk for the complica-
tions of hospitalization and medical and surgical interventions 
than younger people [5]. The limited mental and physiologic 
reserve of older adults often contributes to these complications. 
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Chapter 32
Maximizing Postoperative Functional Recovery

Leo M. Cooney 

Case Study

An 82-year-old man entered the hospital with fever and 
confusion. He had previously been living by himself in a 
small apartment, but had been going out of the apartment 
less and less over the past 6 months. His family noted that 
his memory had started to become impaired. They brought 
him to the Emergency Department because of acute con-
fusion and a fever to 102°F. His evaluation revealed that 
he had acute cholecystitis with bacteremia. He was ini-
tially treated with antibiotics and a surgical drain. He then 
underwent a laparoscopic cholecystectomy.

During his hospitalization, he continued to be acutely 
confused. He required sedating medications and physi-
cal restraints, as he frequently tried to pull out his drains 
and intravenous lines. He developed a grade two pres-
sure sore on his sacrum. He was initially treated with a 
Foley indwelling bladder catheter and later with an 
external catheter.

By the tenth hospital day, he had a normal white count, 
was afebrile, and his surgical wound had healed nicely. 
He was, however, unable to get out of bed by himself and 
unable to control his bladder and bowels and was still 
acutely confused. He required nursing home placement.
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Elderly patients have a high incidence of complications with 
therapy, including drug reactions, adverse effects of procedures, 
hospital-acquired infections, and other iatrogenic events [6].

When older patients are evaluated in acute hospitals, they 
often have significant functional problems. Warshaw found 
that 50% of patients over age 65 in a community hospital had 
mild or moderate confusion, 47% were incontinent of urine 
or catheterized, 65% could not ambulate independently, and 
40% needed help with eating [7].

The most important contributor to loss of functional sta-
tus during a hospitalization is altered mental status. The 
development of delirium, or acute confusional state, during a 
hospitalization has a major impact on a patient’s function 
and long-term outcome. The major predisposing factor for 
the development of delirium is underlying dementia.

Delirium can now be easily diagnosed. Sharon Inouye’s 
Confusion Assessment Method has become the international 
standard for the diagnosis of delirium. The four components 
of this instrument are (1) acute onset and fluctuating course, 
(2) inattention, (3) disorganized thinking, and (4) altered 
level of consciousness. The patient is classified as delirious if 
he/she exhibits 1 and 2 and either 3 or 4. Inattention is the 
key feature of delirium. Patients with inattention have diffi-
culty focusing attention, are easily distractible, and have dif-
ficulty keeping track of what is being said [8].

The hospital environment itself can also precipitate delir-
ium. There is a very high incidence of delirium in patients in 
intensive care units. The use of physical restraints can them-
selves produce delirium, and often severely complicate this 
condition. Lack of sleep caused by in-room intercoms, 
administration of medications, and the frequent measuring of 
vital signs often results in acute confusion.

Preoperative Assessment

The first step in promoting postoperative recovery is to assess 
the patient preoperatively for predictors of functional decline. 
The most important predictors of functional decline follow-
ing surgery are patient’s preexisting mental status, physical 
function, and social activities. Dementia is an extremely 
important predictor of outcome following surgical interven-
tions. As noted above, dementia greatly increases the proba-
bility of a patient becoming delirious following surgery. 

Dementia increases the mortality for hip fracture patients 
almost threefold [9]. Patients with dementia are two to three 
times as likely to die from pneumonia as patients without 
this condition [10].

Dementia is very common in older adults. The prevalence 
of this condition is roughly 1.5% between the ages of 65 and 
70 and then doubles for each 5-year period after that. Thus, 
nearly 25% of individuals between 85 and 90 have some 
degree of dementia and almost 50% of those 90 and above 
have dementia [11]. Cognitive losses can be subtle. Many 
patients with mild-to-moderate dementia still have good social 
graces and do not appear, on casual observation, to have any 
major problems with their mental status. Although socially 
appropriate, patients with dementia are at very high risk for 
the development of delirium following a surgical procedure.

Memory loss is the most common feature of dementia. The 
best mental status screening test is the Folstein Mini Mental 
Status Test. This 30 point test takes only 5 min to administer. 
It has been studied and validated in populations throughout 
the world. The level of the patient’s education must be consid-
ered in the interpretation of the results of this test. Patients 
with a high school education who scored 24 or less on this test 
should be evaluated for the presence of dementia. For indi-
viduals with an eighth grade education or less, a score of 19 is 
the level which requires a dementia evaluation.

It is important to determine how functional a patient is 
prior to hospital admission. Was that person able to get in 
and out of bed and walk independently, climb stairs, and 
walk good distances? Did that patient frequently fall?

Such measures of independence as how often one goes 
outside one’s home or participates in outside social activities 
are excellent predictors of return of function following hip 
fracture surgery. Patients who are socially active have a much 
better outcome than individuals who stay in their own home 
or apartment and have limited social contacts.

The best screen for altered physical function is to observe 
the patient. The “get up and go” test observes the patient get-
ting on and off a chair, walking a short distance, turning, and 
walking back to the chair. In addition, the surgeon should 
determine whether the patient can climb stairs, is still driving 
an automobile, does his/her own shopping, meal preparation, 
housekeeping, and other such activities. It is also extremely 
important to know patient’s social support. Does that person 
have someone else living with him or her or other family 
members who can be available for assistance at home fol-
lowing hospital discharge? (Table 32.2).

Table 32.1  Activities of daily living

Transfer
Walk
Bathe
Dress
Feed go to toilet
Continent of urine and stool

Table 32.2  Predictors of hospital decline

Altered mental status
Physical function prior to admission
Social function prior to admission
Frequency of going out of the home
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Maintaining Function During Hospitalization

“Geriatric Vital Signs”

An older patient’s physical, cognitive, and nutritional func-
tion is as vital to their assessment as blood pressure, pulse, 
and temperature. The geriatric vital signs are (1) Mental sta-
tus (confused), (2) the ability to transfer in and out of bed and 
walk (immobility), (3) the patient’s ability to take in adequate 
nutrition (poor nutrition), (4) continence of bowel and blad-
der (incontinence), and (5) the presence of any skin break-
down or pressure sores (skin breakdown) (Table 32.3).

Managing patients throughout their hospitalization is an 
essential step in returning patients to the highest possible 
level of function. In the first instance, patients who are at 
high risk for delirium and loss of physical function should be 
evaluated prior to surgery. Those patients at high risk should 
be monitored closely throughout their hospital stay. Patients 
with early or moderate dementia would benefit from close 
supervision on the part of families. Medications likely to 
produce delirium should be kept to a minimum.

Although dementia rarely has a medical cause, delirium is 
often caused by medical problems. The most common pre-
cipitants of delirium are an acute illness, being in an unfamil-
iar environment, and complications of medications [12]. The 
medications that are most likely to produce delirium are anti-
cholinergic medications as well as sedatives and hypnotics. 
Long-acting sleep medications are particularly problematic. 
Medications such as diphenhydramine, often used for its 
sedating effects, are very apt to produce delirium because of 
strong anticholinergic qualities. Sedating medications such 
as benzodiazepines also frequently produce delirium. Long-
acting pain medications can be another cause of confusion in 
elderly patients [13].

Any alteration in a patient’s ability to follow the train of 
a conversation or follow the instructions of nurses or thera-
pists should initiate an evaluation for delirium. The clinician 
should determine the presence of inattention, an acute onset 
and fluctuating course of the confusion, disorganized think-
ing, or altered level of consciousness. If these symptoms 
indicate that the patient is delirious, then the surgeon and 
nurse caring for that patient need to undertake a coordinated 
effort to control this condition. The surgeon should evaluate 
the patient for precipitants of delirium such as an acute 

illness, electrolyte or other physiologic abnormalities, or 
medications with anticholinergic, sedating, or hypnotic 
properties. The clinician should try and remove as many 
external devices as possible, such as indwelling bladder 
catheters, intravenous lines, and telemetry, and contact the 
patient’s family to inform them about the nature and natural 
history of delirium. The nursing staff should place the patient 
under close observation, make sure that the patients have 
eyeglasses and hearing aids, provide continual orientation to 
the patient, and work with the patient’s family to provide the 
patient with as much family assistance and supervision as 
possible. The use of physical restraints should be avoided, if 
at all possible. It is best to avoid medications in the manage-
ment of delirium. If medications are necessary, most geriat-
ric physicians suggest the use of low doses of antipsychotic 
agents such as haloperidol or risperidone if sedation is not 
needed, or quetiapine or olanzapine if the patient needs 
sedation in addition to control of agitation. Benzodiazepines, 
as noted above, should be avoided, as they often worsen 
delirium.

The very nature of nursing care can contribute to a loss of 
function for older hospitalized patients. Such activities as 
providing a bed pan, bathing, dressing, feeding, or adminis-
tering medications may decrease the patient’s ability to care 
for him or herself. Nurses prepare patients better for dis-
charge if they assist them with various tasks and ensure that 
they can carry them out independently, rather than perform-
ing the tasks for the patient.

Continence of bowel and bladder is essential to an indi-
vidual’s independence. Indwelling bladder catheters should 
be removed as soon as possible after surgery. Transient uri-
nary incontinence is common following surgery. Appropriate 
management of this problem can decrease the chances of 
permanent difficulties. If the nursing staff manages the 
incontinent patient with diapers and external catheters, it 
may be difficult to regain bladder control. Reassurance, fre-
quent toileting of the patient, and assistance with mobility 
are likely to result in return of bladder control.

Physicians may also play a major role in the development 
of patient dependence. Sedatives and sleeping pills should be 
used with caution in older individuals. These medications 
often have a prolonged half life in the elderly and can cause 
lethargy and confusion. They are particularly problematic if 
the patient has any element of baseline dementia. The use of 
indwelling or external bladder catheters to monitor urine 
volume can result in at least temporary result of bladder con-
trol. The surgical approach to early postoperative ambulation 
has been well recognized for a number of years. Physicians 
and surgeons should realize, however, that the ability to 
transfer out of a bed or a chair is a more difficult task than 
walking and is more important to a patient’s ability to live 
independently (Table 32.4).

Table 32.3  Geriatric vital signs

Confusion
Incontinence
Immobility
Skin breakdown
Poor nutrition
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Returning a patient to the highest level of function requires 
a concerted effort on the part of physicians, nursing staff, 
therapists, social workers, and discharge planners. The nurs-
ing staff and the patient’s family are usually the best observ-
ers of the patient’s mental status. A physician’s major role is 
to listen. He/she should determine whether the patient has 
nighttime confusion, any problems recognizing family mem-
bers, following commands, or attending to daily tasks. 
Although temporary confusion is common following anes-
thesia, any alterations in mental status that persists beyond 
24 h after surgery, should be evaluated. Medications should 
be reviewed and a search undertaken to ensure that there are 
no acute medical problems causing the patient’s delirium.

Patients who have significant care needs at the time of 
hospital discharge and insufficient help at home to provide 
these needs may be candidates for a short period of rehabili-
tation in a subacute or skilled nursing facility. It is essential 
that the patient’s care be well coordinated between the physi-
cians and staff at the acute-care hospital and the physician 
and staff at the subacute-care facility.

Posthospital Care

The final outcome of any surgical procedure is usually not 
clear until 4–6 weeks after the procedure. Posthospital reha-
bilitation and care play a major role in the success or failure 
of these procedures. It is the surgeon’s responsibility to 
ensure that each patient receives the posthospital care most 
appropriate to his/her needs.

There are three options to posthospital care (1) acute 
rehabilitation units or hospitals, (2) subacute care in nursing 
homes or “skilled nursing facilities”, and (3) home care.

Medicare has rather strict criteria for patients going to 
acute rehabilitation hospitals. Most of these patients have to 
fit into the small list of diagnostic categories including 
strokes, hips fractures, and other neurologic or orthopedic 
problems. To be eligible for this level of care, patients must 
need and receive at least 3 h per day of physical, occupa-
tional or speech therapy, and require a multidisciplinary 
approach from a team lead by physicians skilled in rehabili-
tation medicine. Most postoperative surgical patients are not 
eligible for this level of care, unless they have a complication 
such as a stroke.

Medicare does reimburse short-term rehabilitation care in 
skilled nursing facilities as long as the patient needs and 
receives restorative care or extensive nursing care that could 
not be provided at home. Although there is a 100-day maxi-
mum for this care, this care is covered only if the patient 
continues to make progress in his/her rehabilitation. In addi-
tion, there is a very substantial copayment required after the 
first 20 days of the nursing home stay. This copayment can 
make continued stay at these facilities difficult, if the patient 
does not have appropriate secondary insurance coverage.

Subacute Care

Medicare diagnosis-related group (DRG) reimbursement 
policies and the push to limit hospital lengths of stay have 
moved a great deal of the rehabilitation of older individuals 
into skilled nursing facilities. A number of these facilities 
have set up special units for “subacute care” [14].

A Swiss group has developed a predictive score to iden-
tify patients hospitalized on acute medical service risk of 
discharge to a postacute-care facility. These investigators 
found that data measured on the first hospital day was pre-
dictive of the need for posthospital care. The factors most 
predictive of discharge to a postacute-care facility were (1) 
the patient’s partner’s inability to provide home care, (2) 
inability to self-manage drug regimen, (3) number of active 
medical problems on admission, (4) dependency in bathing, 
and (5) dependency in transfers from bed to chair [15].

Although it may be logical and reasonable to use lower-
acuity facilities for rehabilitation, use of these facilities with-
out careful coordination of care between the acute and chronic 
care providers can lead to adverse outcomes. Fitzgerald et al. 
reported two important studies that demonstrated the prob-
lems associated with early transfers to skilled nursing facili-
ties. These studies pointed out that the frequency of transfer 
of patients from acute hospitals to skilled nursing facilities 
for rehabilitation of a fractured hip more than doubled with 
introduction of the Medicare DRG-based reimbursement 
system [16, 17]. The greatest concern, however, was the 
increase of permanent nursing home placement from 13 to 
39% after the introduction of prospective payment. These 
studies should caution the surgeon to ensure that temporary 
nursing home placements do not become permanent.

Bonar et al. studied the factors associated with permanent 
nursing home placement for patients transferred from hospi-
tals to skilled nursing facilities for rehabilitation following hip 
fractures. She found that patients who were oriented, younger, 
could bathe independently, could transfer and walk indepen-
dently, and had increased family involvement were more 
likely to be discharged from the nursing home to home. In 
addition, the number of physical therapy hours available in the 
nursing home predicted discharge home [18] (Table 32.5).

Table 32.4  Factors associated with hospital decline

Bed rest
Sedating or hypnotic drugs
Anticholinergic drugs
Prolonged use of bladder catheters
Use of physical restraints
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Several studies have evaluated the outcome of older 
patients transferred from hospitals to rehabilitation hospitals, 
subacute nursing homes, and traditional nursing homes. 
Kramer et al. found that after adjusting for patients’ admis-
sion cognitive and physical functions, stroke patients admit-
ted to rehabilitation hospitals were more likely to return to 
the community and recover function in ADLs. For patients 
with fractured hips, however, there was no difference in out-
come for patients admitted to rehabilitation hospitals, sub-
acute nursing homes, or traditional nursing homes [19]. Kane 
et al. also found that stroke patients fared better when treated 
in rehabilitation hospitals and rehabilitative nursing homes. 
Although healthier hip fracture patients who received reha-
bilitative nursing home care fared better, the functional 
change for sicker hip fracture patients was not different 
between regular and rehabilitative nursing homes [20].

Fitzgerald et al., in their studies, found that one interest-
ing fact about hip fracture patients who were able to return to 
their own home: patients followed by their own health main-
tenance physicians in the nursing home had a better chance 
of returning home than those who had a separate nursing 
home physician [17].

Although subacute-care facilities and traditional nursing 
homes may have a role in the rehabilitation of older surgical 
patients, it is important to ensure that the care given in these 
facilities is as coordinated as possible with the acute-care 
facility [21]. Surgeons should recognize that patients with 
altered mental status, substantial deficits in their ability to 
carry out ADLs, complex medical conditions, and limited 
social support at home are at substantial risk for permanent 
nursing home placement. The most complex aspect of return-
ing an old person to his or her own home is the discharge 
planning process. The surgeon must ensure that the subacute-
care facility has all the requisite resources and skills to carry 
out this complex process.

The integration of care between the acute-care and chronic-
care facility requires, first and foremost, that the physicians 
caring for the patient in the nursing home setting be closely 
integrated with the acute-care physician. Communication 
between the acute-care providers must be complete and ongo-
ing. Systems in which there is integrated physician coverage 
appear to have better rehabilitative outcomes and a higher 
frequency of patients returning home. An integrated system 
of care, in which the staff of the nursing home facility has 
complete access to the laboratory, diagnostic imaging, and 

other reports of the acute hospital, also increases the potential 
for improved care. The transition from an acute hospital to a 
skilled nursing facility requires very careful transmission of 
clinical information from the acute-care to the chronic-care 
providers. The most important information to transmit to the 
skilled nursing facility is the name of the responsible physi-
cian who has knowledge of the patient’s hospital course, and 
how to readily reach that physician [22].

The discharge summary should give careful instructions 
for wound care [23], weight-bearing, diet, and medications. 
Medication lists should include the last doses given in the 
hospital. If medications are to be tapered or discontinued, a 
clear outline by date of the tapering course should be included. 
All recent significant laboratory tests should be listed within 
the discharge summary. Those tests that are still pending 
should be listed with appropriate follow-up outlined.

The goals of the subacute stay should be outlined. If the 
patient is on anticoagulation, the orders for anticoagulant 
should be listed with goal results for INRs, along with the 
most recent dose of anticoagulants and INR results.

Nutritional problems should be identified during the acute 
hospitalization and goals of nutritional therapy in the skilled 
nursing facility should be outlined. Nutritional supplements 
should be given at least 1 h before a meal. If parenteral feed-
ing is used, instructions for these feedings should be clearly 
outlined [24].

The physician ultimately responsible for the patient’s 
rehabilitation is the attending surgeon. He or she must ensure 
that those caring for the patient after hospitalization have a 
clear outline of the therapies indicated and should have easy 
access to that surgeon to answer any questions that they 
might have. Electronic access between the skilled nursing 
facility and discharging hospital is best, as this access could 
provide laboratory, diagnostic imaging, and operative and 
clinical information to the skilled nursing facility staff. In the 
final analysis, returning an individual to the highest possible 
level of function requires a concerted effort on the part of 
surgeons, physicians, nurses, physical therapists, discharge 
planners, and social workers to provide the patient with the 
highest possible level of function.

Patients who are confused or delirious at the time of hospi-
tal discharge do not do well in subacute-care facilities. The 
best management of delirious patients is to return them, as 
quickly as possible, into their own home environment. Another 
health care facility can often worsen patient’s confusion. It is 
very difficult to rehabilitate a confused patient. If the patient’s 
family cannot take the patient home in this condition, care 
must be coordinated very closely between the acute providers 
and physicians and nursing staff at the skilled nursing facility.

At the time of hospital discharge, the discharging surgeon 
must ensure (1) that the patient’s mental status will allow 
continued rehabilitation at a subacute or home setting, 
(2)  that the appropriate medical and rehabilitation care is 

Table 32.5  Returning home from subacute facilities

Good mental status
Good daily living function
Integrated medical care
Intensity of rehabilitative services
Intensity of discharge planning
Good social support
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well outlined to the subacute or home care providers, and (3) 
that those providing chronic care to the patient have immedi-
ate access to the responsible surgeon. Surgeons must recog-
nize that this posthospital care is an important part of the 
recovery period from surgery and is the responsibility of the 
discharging surgeon.
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Age-related alterations in endocrine function are important 
considerations in the surgical patient. Because the endocrine 
system is integrally related to virtually all bodily functions, it 
is unreasonable to think of the singular effects of a specific 
hormone deficiency. It is impossible to cover all aspects of 
the endocrinology of aging; however, we address some of the 
most significant.

Arguably, the most important endocrine change associated 
with aging arises in the pancreas and relates to the decreased 
availability of insulin. Forty percent of individuals aged 
65–75 years have impaired glucose tolerance, the incidence 
of which increases with age. The abnormality goes undetected 
in many elderly patients, and they are at risk for developing 
vascular, ocular, and neurologic complications. In addition to 
decreased insulin secretion from the pancreatic beta cell, 
physical inactivity, poor diet, increased body weight, and 
decreased lean body mass contribute to glucose intolerance.

The incidence of thyroid abnormalities including autoim-
mune thyroiditis, the metabolic states of hypothyroidism and 
hyperthyroidism, thyroid nodules, and thyroid cancer also 
increases with age. The surgeon must be aware of the possi-
bility of occult thyroid disease in the elderly. The failure to 
recognize the presence of occult hypothyroidism or hyper-
thyroidism in acutely ill surgical patients may result in 
increased operative and perioperative mortality.

There are significant decreases in cortical and trabecular 
bone as one ages. Loss of bone mineralization is particularly 
problematic in women, where trabecular bone loss accelerates 
at menopause and reaches a rate of 4% per year. Estrogen defi-
ciency accounts for a 15–20% decrease in skeletal density, 
which is increased further in the presence of hyperparathyroid-
ism, a disease that occurs primarily in postmenopausal women. 
Understandably, there is an increase in fracture rate in elderly 
patients not only due to decreased bone density but also because 
of a decrease in muscle strength and impaired coordination.

Menopause, one of the most dramatic age-related changes, 
is primarily associated with the loss of cyclic estradiol pro-
duction. Menopause appears to be brought on by changes in 
both the ovarian follicles and the hypothalamus and pituitary. 
Long-term estrogen replacement therapy is beneficial for the 
skeleton, cardiovascular system, reproductive tract, skin, and 
central nervous system; however, estrogen replacement is 
associated with a modest but definitely increased incidence 
of breast cancer.

In aging men, there is a decline in serum testosterone lev-
els and an accompanying reduction in the number of Leydig 
cells. Studies show that testosterone replacement in elderly 
men is associated with increased muscular strength, cogni-
tion, and red blood cell mass. However, testosterone admin-
istration has a stimulatory effect on the prostate, and the risk 
of enhancing the growth of an occult prostate cancer is a 
definite risk.

Hormonal changes also occur in the adrenal cortex, char-
acterized by a decrease in circulating levels of dehydroepi-
androsterone (DHEA), and in the pituitary gland, characterized 
by a reduction in growth hormone and insulin-like growth 
factor. There have been prospective randomized controlled 
trials in older adults, of DHEA administration compared to 
placebo. In subjects receiving DHEA, compared to those 
receiving placebo, circulating levels of DHEA and androgen 
were restored, and there was a sense of improved well-being. 
The risk of administering these agents relates to the direct or 
indirect stimulatory effect on the breast and prostate gland 
and perhaps other tissues. Similarly, growth hormone, admin-
istered in prospective randomized placebo-controlled trials, 
has been associated with increased muscle strength and bone 
mineral content. It has already been shown in patients with 
fractures or burns that administration of growth hormone has 
clear benefit in wound healing and return to independent liv-
ing. As with DHEA, the question remains whether adverse 
effects will become evident with long-term administration of 
growth hormone. There is the possibility that administration 
of selected hormones would have a beneficial effect on the 
elderly surgical patient, as minimal adverse effects have been 
seen with their short-term administration.
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The surgeon must understand that both profound and 
subtle changes occur in the endocrine system with aging 
and that these alterations influence the response of the older 
patient to surgical procedures. Replacement therapy for 
endocrine deficiencies is clearly indicated in the elderly 
patient whether in the emergent or the elective setting. 

However, much work remains to be done on the evaluation 
of  hormonal administration in healthful elderly persons to 
clarify whether the benefits outweigh the risks. The question 
is important, as the results will influence how elderly patients 
respond to surgical treatment and to their underlying disease 
process.
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Introduction

The proportion of elderly people is growing steadily in 
Western societies as a consequence of increased life expec-
tancy and reduced birth rates. Americans aged 80 years and 
older constituted 3.3% of the population in 2000; this is  
projected to increase to 7.7% in 2050 and 8.2% by 2070.  
In comparison, Americans 65–79 years of age constituted 

9.3% of the population in 2000 and are projected to increase 
to 12.5% by 2050 and 12.9% by 2070 [1]. This phenome-
non  has generated numerous studies aimed at clarifying 
the  physiologic and pathologic aspects of aging. Thyroid 
dysfunction can have profound clinical implications for 
elderly patients. Thyroid nodules are common, and the 
incidence of thyroid cancer increases with age.

Thyroid disease is common; 6.6% of the US population 
has thyroid disease, requires thyroid hormone supplementa-
tion, or both [2]. Based on results of autopsies performed on 
the general population, thyroid nodules have been found in 
up to 50% of asymptomatic patients [3]. The incidence of 
thyroid cancer has increased from 3.6 per 100,000 in 1973 to 
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Case Study

JK is a 75-year-old woman with a right anterior neck 
mass identified on physical examination by her cardiolo-
gist. She described a globus sensation and dysphagia 
with solid foods, and had subjective hoarseness over the 
last year. She did not have a history of head or neck radi-
ation, and there was no family history of glandular abnor-
malities. Her past medical history was significant for 
hypertension, hyperlipidemia, atrial fibrillation on 
chronic warfarin therapy, diabetes mellitus, osteopenia, 
and arthritis. Her past surgical history was notable for a 
cholecystectomy, hysterectomy for uterine fibroids, and 
left breast lumpectomy and radiation therapy for ductal 
carcinoma in situ. Family history is significant for “bad 
hearts.” She was a former smoker. Her medications 
included warfarin, metoprolol, amlodipine, simvastatin, 
glucophage, glipizide, niacin, fish oil, calcium supple-
ments with vitamin D, multivitamin, and acetaminophen 
as needed.

Physical examination revealed a well-developed 
woman in no acute distress. Her vital signs were within 

normal limits, and she appeared euthyroid. Focused exam 
was notable for a nontender 4-cm firm but mobile mass 
in the right anterior neck. The trachea was distracted 
slightly into the contralateral neck. The left thyroid lobe 
contained no palpable nodules. There was no cervical 
lymphadenopathy. Pemberton sign was absent, and there 
was no carotid bruit. The remainder of her physical exam 
was unremarkable.

On blood work, the patient was biochemically euthy-
roid with a thyroid-stimulating hormone (TSH) 2.5 mIU/L 
(normal 0.4–4.0 mIU/L). JK’s geriatrician referred her to 
an endocrinologist, who, in turn, consulted a thyroid sur-
geon. JK underwent a dedicated neck ultrasound, which 
revealed a 60-g thyroid and a 4-cm nodule in the right 
lobe. It was hypoechoic with a small cystic component, 
microcalcifications, an irregular border, and possible 
extension into the overlying strap muscle. The left lobe 
contained two 4-mm nodules that were too small to char-
acterize. Ultrasound-guided fine-needle aspiration (FNA) 
of the dominant right nodule was performed. 
Cytopathology was consistent with papillary thyroid 
cancer.
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8.7 per 100,000 in 2002 – a 2.4-fold increase – with 87% of 
the increase due to the diagnosis of small differentiated thy-
roid cancers [4]. The association between increasing age and 
incidence of thyroid nodules makes diagnosis and treatment 
an important public health issue.

All thyroid diseases are encountered in the elderly; how-
ever, their prevalence and clinical expression differ from 
those observed in younger patients. Symptoms of aging can 
be confused easily with hypothyroidism. The clinical mani-
festations of thyroid dysfunction can be more vague, subtle, 
and hidden by a background of coexistent disease. 
Interpretation of thyroid function studies can be problematic 
in elderly patients, owing to difficulty in differentiating 
physiologic age-associated changes from alterations second-
ary to acute or chronic nonthyroidal illnesses [5]. And finally, 
the medical and surgical treatment of thyroid disease in the 
elderly is associated with an increased risk of complications 
attributed to the treatment itself [6].

Thyroid Function

The thyroid gland synthesizes the hormones thyroxine (T
4
) 

and triiodothyronine (T
3
), iodine-containing amino acids that 

regulate the body’s metabolic rate. Adequate levels of thyroid 
hormone are necessary in infants for normal development of 
the central nervous system, in children for normal skeletal 
growth and maturation, and in adults for normal function of 
multiple organ systems [7]. Thyroid dysfunction is one of the 
most common endocrine disorders encountered in clinical 
practice. While abnormally high or low levels of thyroid hor-
mones can be tolerated for long periods of time, usually there 
are symptoms and signs of thyroid dysfunction.

The effects of thyroid hormones are diffuse and important 
(Table  34.1). Thyroid hormones increase the activity of 
membrane-bound Na+-K+ adenosine triphosphate (ATP)-ase, 
increase heat production, and stimulate oxygen consumption 
(“calorigenesis”). Thyroid hormones also affect tissue growth 

and maturation, help regulate lipid metabolism, increase 
cardiac contractility by stimulating the expression of myosin 
protein, and increase intestinal absorption of carbohydrates 
(Fig. 34.1) [8].

The usual biochemical measures of thyroid function, such 
as T

3
, T

4
, and thyroid-binding protein levels, change little 

with advancing age in the absence of systemic illness. 
Similarly, thyrotropin (TSH) levels and the production of 

Table 34.1  Physiologic effects of thyroid hormones

Target tissue Effect Mechanism

Heart Chronotropic Increase number and affinity of beta-adrenergic receptors

Inotropic Enhance responses to circulating catecholamines
Increase proportion of alpha myosin heavy chain (with higher ATPase activity)

Adipose tissue Catabolic Stimulate lipolysis
Muscle Catabolic Increase protein breakdown
Bone Developmental and metabolic Promote normal growth and skeletal development; accelerate bone turnover
Nervous system Developmental Promote normal brain development
Gut Metabolic Increase rate of carbohydrate absorption
Lipoprotein Metabolic Stimulate formation of LDL receptors
Other Calorigenic Stimulate oxygen consumption by metabolically active tissues  

(exceptions: adult brain, testes, uterus, lymph nodes, spleen, anterior pituitary)
Increase metabolic rate

ATP adenosine triphosphate; LDL low-density lipoprotein

Figure 34.1  Hypothalamus–pituitary–thyroid axis with hormonal feed-
back mechanisms (reproduced with permission from Thyroid. In: 
Basow, DS, (Ed), Uptodate, Waltham, MA, 2010. Copyright © 2010 
UpToDate, Inc. For more information, visit http://www.uptodate.com).
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TSH in response to thyrotropin-releasing hormone (TRH) 
administration are relatively constant with increasing age 
[9]. In the past, hypothyroidism was considered an integral 
part of aging; however, more recent studies suggest that 
physiologic aging is associated with normal thyroid function 
[10]. The half-life of T

4
 increases from 6.7 days in young 

adults to 9.3 days in those aged 80–90 years due to decreases 
in both fractional turnover rate and the distribution space of 
T

4
. Peripheral conversion of T

4
–T

3
 is decreased, but the 

intrathyroidal conversion is increased, resulting in relatively 
stable T

3
 levels in the elderly [11].

The Whickham survey documented the prevalence of thy-
roid disorders in a sample of 2,779 British adults, and the 
20-year follow-up study was published in 1995 [12, 13]. The 
annual incidence of hypothyroidism was found to increase 
with age and correlate with the presence of thyroid autoanti-
bodies or elevated TSH levels. Aging often is associated with 
an increased prevalence of antithyroid antibodies, but this 
age-dependent increase is observed commonly in unselected 
elderly subjects and not in healthy elderly populations 
selected for the absence of clinical or subclinical illnesses 
[14]. This suggests that thyroid autoimmune phenomena 
may not be the consequence of the aging process itself but, 
rather, an expression of age-associated disease.

Thyroid Dysfunction

Thyroid function can be evaluated by several biochemical 
measures, including total or free T

3
 and T

4
, and TSH [15]. 

The high incidence of comorbid illness in elderly people can 
confound assessment of thyroid function. Malnutrition, 
infection, sepsis, major surgery, poorly controlled diabetes 
mellitus, hepatic disease, renal failure, cerebrovascular dis-
ease, heart failure, malignancy, trauma, burns, and coma are 
all associated with alterations in thyroid function tests [16]. 
Depending on severity, stage, and drug effects, these nonthy-
roidal illnesses are associated with changes in the parameters 
of thyroid function that include low serum T

3
, normal to low 

T
4
, and normal to low or elevated TSH – the “euthyroid sick 

syndrome.” Among acutely ill patients, 70% show a low T
3
 

state, and 30–50% of patients in intensive care units have low 
serum T

4
 levels [17].

Findings in patients’ personal and family histories indicate 
increased risk of developing thyroid dysfunction. Risk factors 
in personal history include goiter, surgery or radiotherapy 
affecting the thyroid gland, previous thyroid dysfunction, 
vitiligo, diabetes mellitus, pernicious anemia, leukotrichia, 
and medications, such as lithium carbonate and amiodarone, 
and iodine-containing compounds. Pertinent factors in family 
history are thyroid disease, pernicious anemia, diabetes 
mellitus, and primary adrenal insufficiency [18].

Measurement of serum TSH, a sensitive indicator of free 
thyroid hormone concentration in the presence of normal pitu-
itary function, is often all that is required as a screening test for 
thyroid function. A decision analysis by Danese et al. reported 
that screening for thyroid disease by TSH measurement was 
particularly cost-effective in elderly female patients, as the 
clinical symptoms of thyroid dysfunction may be atypical in 
this age group [19]. Analyses of free hormone levels deter-
mine what is available for cellular metabolic regulation. In 
addition to thyroid function tests, diagnostic determination of 
thyroid autoantibodies can be useful. Antibodies to the TSH 
receptor are present in Graves’ disease and also can be seen 
with other forms of autoimmune thyroid disease, such as 
Hashimoto’s thyroiditis. Antithyroid peroxidase antibodies 
and antithyroglobulin antibodies are seen with all forms of 
autoimmune thyroid disease and may be present in patients 
with multinodular goiter. Assessment of the thyroid also 
should include imaging studies, such as ultrasound, nuclear 
medicine uptake scans, computed tomography (CT) scans, 
and magnetic resonance imaging (MRI).

Hypothyroidism

Epidemiology

The balance between central production and peripheral 
action of T

3
 and T

4
 is required for a euthyroid state. Clinical 

hypothyroidism usually is associated with decreased hormone 
production in the thyroid gland, although states of limited 
thyroid hormone activity in the periphery also can occur. In 
many underdeveloped countries or iodine-poor regions, lack 
of sufficient iodine intake explains a large percentage of 
hypothyroid conditions [20, 21]. In more developed coun-
tries, most cases of adult primary hypothyroidism (due to 
direct thyroid failure) are secondary to chronic autoimmune 
(Hashimoto’s) thyroiditis, radioactive iodine (RAI) therapy, 
or surgery. Disorders of the pituitary or hypothalamus can 
cause diminished TSH secretion, producing hypothyroidism 
as a secondary or tertiary result. Finally, a host of medica-
tions, including the thioamide antithyroid drugs propylthio-
uracil (PTU) and methimazole (MMI), can produce 
hypothyroidism (Table 34.2).
There are two types of primary hypothyroidism. Clinical or 
overt primary hypothyroidism is characterized by elevated 
serum TSH and decreased serum T

3
 and T

4
 levels. Patients 

with subclinical primary hypothyroidism show mildly ele-
vated serum TSH concentrations and normal serum thyroid 
hormone levels. Subclinical hypothyroidism is the most 
common thyroid dysfunction nationwide, with a markedly 
increased prevalence in the elderly, ranging from 4 to 15% 
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for subclinical hypothyroidism and from 0.5 to 6% for overt 
hypothyroidism [22]. In the Whickham study, the risk of 
developing hypothyroidism was significantly increased in 
women between 75 and 80 years [12, 13].

Clinical and Diagnostic Evaluation

A comprehensive medical history should uncover symptoms 
that help establish the diagnosis, such as cold intolerance, 
weight gain, diminished appetite, constipation, and lethargy. 
On physical examination, a patient may exhibit hoarseness, 
bradycardia, periorbital or ankle edema, generalized muscle 
weakness, or delayed relaxation of deep tendon reflexes. The 
suspicion of hypothyroidism is raised by unexplained 
increases in serum cholesterol and creatine phosphokinase 
levels, severe constipation, congestive heart failure with 
restrictive cardiomyopathy, or macrocytic anemia [9].

Hypothyroidism is characterized by abnormally low 
serum T

4
 and T

3
 levels. Free thyroxine levels also are 

depressed. The serum TSH level is elevated in hypothyroid-
ism, except in cases of pituitary or hypothalamic disease. 
TSH is the most sensitive test for early hypothyroidism, and 

marked elevations of serum TSH (>20 mU/L) are consistent 
with frank hypothyroidism. Modest TSH elevations 
(5–20  mU/L) may be found in euthyroid individuals with 
normal serum T

3
 and T

4
 levels and indicate impaired thyroid 

reserve and incipient hypothyroidism (Table 34.3) [23].
Many features of hypothyroidism are insidious and can be 

incorrectly attributed to aging. Hypothyroidism in elderly 
patients can be characterized by a paucity of specific signs and 
symptoms. Because of the high prevalence of hypothyroidism 
in women over 60 years, it is recommended that such individu-
als undergo annual screening with serum TSH measurement 
[24]. In addition, patients with other autoimmune diseases and 
those with unexplained depression or cognitive dysfunction 
should be screened with TSH measurements [25].

Treatment

The goal of therapy is to restore patients to a euthyroid state 
and normalize serum T

4
 and TSH concentrations. 

Levothyroxine sodium, with its longer half-life and more 
stable serum concentration, is the treatment of choice for the 
routine management of hypothyroidism. Adults with hypo-
thyroidism require approximately 1.7 mcg/kg of body weight 
per day for full replacement. For patients who are older than 

Table 34.2  Causes and pathogenetic mechanisms of hypothyroidism

Etiologic classification Pathogenetic mechanism

Congenital

Aplasia or hypoplasia of thyroid 
gland

Defects in hormone biosynthesis 
or action

Acquired

  Hashimoto’s thyroiditis Autoimmune destruction
Severe iodine deficiency Diminished hormone synthesis, 

release
  Thyroid ablation Diminished hormone synthesis, 

release
  Thyroid surgery

131I radiation treatment  
of hyperthyroidism

External beam radiation therapy  
for head and neck cancer

Drugs
Diminished hormone synthesis, 

release
  Iodine, inorganic
  Iodine, organic (amiodarone)

Thioamides (propylthiouracil, 
methimazole)

  Potassium perchlorate
  Thiocyanate
  Lithium
Hypopituitarism Deficient TSH secretion
Hypothalamic disease Deficient TRH secretion
TSH thyroid-stimulating hormone, TRH thyroid-release hormone

Source: Modified and reproduced from [94], with permission of 
The McGraw Hill Companies

Table 34.3  Clinical findings in adult hypothyroidism

Symptoms

Slow thinking
Lethargy, decreased vigor
Dry skin, thickened hair, hair loss, broken nails
Diminished food intake, weight gain
Constipation
Menorrhagia, diminished libido
Cold intolerance

Signs

Round puffy face, slow speech, hoarseness
Hypokinesia, generalized muscle weakness, delayed deep tendon 

reflexes
Cold, dry, thick, scaling skin; dry, coarse, brittle hair; dry, ridged 

nails
Periorbital edema, ascites, pericardial effusion, ankle edema
Normal or faint cardiac impulse, indistinct heart sounds, 

bradycardia
Mental clouding, depression

Laboratory findings

Increased serum TSH
Decreased serum free thyroxine, total T

4
 and T

3
, resin T

4
 or T

3
 

uptake, free thyroxine index
Decreased radioiodine uptake by thyroid gland
Diminished basal metabolic rate
Macrocytic anemia
Elevated serum cholesterol, creatine kinase
Decreased circulation time, low-voltage QRS complex on EKG

Source: Modified and reproduced from [95], with permission of The 
McGraw Hill Companies
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50 years, a lower initial dosage is indicated, starting with 
0.025–0.05 mg of levothyroxine daily, with clinical and bio-
chemical reevaluations at 6- to 8-week intervals until serum 
TSH concentration is normalized [16]. In elderly patients 
with coexistent or suspected cardiac disease, levothyroxine 
therapy may precipitate angina or myocardial infarction. 
This is due to sensitivity to the hormone as a result of chronic 
depletion of catecholamines in the myocardium [10]. 
Monitoring serum TSH levels to ensure that they remain in 
the normal range will prevent the potential risk of overtreat-
ment with levothyroxine.

Patients with subclinical hypothyroidism also can benefit 
from levothyroxine therapy. As many as 15% of elderly 
patients with subclinical hypothyroidism progress to overt 
hypothyroidism, particularly if the TSH concentration is 
greater than 10 mU/mL and thyroid autoantibodies are ele-
vated [26]. Although early treatment prevents progression to 
frank hypothyroidism, hormone replacement therapy may 
exacerbate underlying cardiac disease. The decision whether 
to treat subclinical hypothyroidism should be made on an 
individual basis.

Hyperthyroidism

Epidemiology

The disease processes associated with increased thyroid 
secretion result in a hypermetabolic state. Increased thyroid 
secretion can be caused by primary alterations within the 
gland, most commonly due to Graves’ disease in which TSH 
receptor autoantibodies stimulate thyroid follicular cells to 
produce excessive amounts of T

3
 and T

4
. Toxic adenoma (TA) 

and toxic multinodular goiter (TMNG, also known as 
Plummer’s disease) are other common causes of hyperthy-
roidism, second in prevalence only to Graves’ disease. They 
can appear at any age, although they most frequently occur in 
patients older than 40 years. Unlike Graves’ disease, TA and 
TMNG are not believed to have an autoimmune etiology, 
since TSH receptor autoantibodies are absent. Less com-
monly, patients with multinodular goiter may become thyro-
toxic without circulating antibodies if administered inorganic 
iodine compounds such as potassium iodide, or organic iodine 
compounds, such as the antiarrhythmic drug amiodarone. 
Patients from regions where goiter is endemic, so-called goi-
ter belts, can develop thyrotoxicosis when given iodine sup-
plementation (Jod-Basedow phenomenon) [20, 21]. Rarely, 
TSH-secreting pituitary adenomas (secondary hyperthyroid-
ism) or TRH-secreting hypothalamic disorders (tertiary 
hyperthyroidism) may occur. Most hyperthyroid states result 
from thyroid gland dysfunction (Table 34.4). It is important 
to remember that thyrotoxicosis in the elderly can be caused 
easily by the administration of exogenous thyroid hormone.

There are two types of primary hyperthyroidism based on 
thyroid function tests. Clinical primary hyperthyroidism is 
characterized by suppressed serum TSH and elevated serum 
total T

4
 levels. Subclinical primary hyperthyroidism is 

defined by suppressed TSH and normal T
4
 and T

3
 levels. The 

prevalence of hyperthyroidism in the elderly ranges from 0.5 
to 2.3% [27]. The Whickham survey demonstrated that 
hyperthyroidism did not increase in frequency with age or 
positive autoantibody status [12, 13]. Approximately 5% of 
elderly patients have subclinical hyperthyroidism [10].

Clinical and Diagnostic Evaluation

A detailed medical history will usually reveal sufficient clues 
to suggest the diagnosis of hyperthyroidism. Classic symp-
toms include heat intolerance, weight loss, increased appe-
tite, palpitations, and emotional lability. Physical examination 
findings may include hyperkinesia, lid lag, periorbital edema, 
proptosis, proximal muscle weakness, and tachycardia 
(Table 34.5). Elderly hyperthyroid patients can display few 
signs and symptoms; this has been referred to as “apathetic 
hyperthyroidism.” Orbital signs are often lacking with the 
exception of Graves’ ophthalmopathy, which, if present, is 
usually worse than eye disease in the young (Fig.  34.2). 
Tachycardia in older patients is less common than that in 
younger patients, although it can be found in up to 50% of 
older patients. Congestive heart failure and angina are more 
frequent. Atrial fibrillation in thyrotoxic patients ranges from 
9 to 22%, with a higher prevalence in elderly male patients [9]. 
Several studies also have demonstrated subtle abnormalities 

Table 34.4  Causes and pathogenetic mechanisms of hyperthyroidism

Etiologic classification Pathogenetic mechanism

Thyroid hormone overproduction

Graves’ disease TSH-R-stimulating antibody
Toxic multinodular goiter Autonomous hyperfunction
Follicular adenoma Autonomous hyperfunction
Pituitary adenoma TSH hypersecretion
Pituitary insensitivity Resistance to thyroid hormone
Hypothalamic disease Excess TRH production
Germ cell tumors hCG stimulation
Struma ovarii Functioning thyroid elements
Metastatic follicular thyroid cancer Functioning metastases

Thyroid gland destruction

Granulomatous thyroiditis Release of stored hormone
Hashimoto’s thyroiditis Transient release of stored 

hormone

Other

Thyrotoxicosis medicamentosa, 
thyrotoxicosis factitia

Ingestion of excessive 
exogenous thyroid hormone

TSH-R thyroid-stimulating hormone-receptor, TRH thyrotropin-releas-
ing hormone, hCG human chorionic gonadotropin

Source: Modified and reproduced from [96], with permission of The 
McGraw Hill Companies



426 L.S. Wu et al.

of cardiac contractility in individuals with subclinical hyper-
thyroidism, and one prospective study found that patients 
over age 65 years with TSH <0.1  mU/L had a threefold 
greater risk of developing atrial fibrillation than those with 
normal TSH levels [27]. Depression, lethargy, agitation, anx-
iety, dementia, and confusion have been reported as primary 
manifestations [26]. Because overt hyperthyroidism results 
in bone loss – through reduced absorption of dietary calcium, 
increased calcium excretion, increased bone turnover, and 
ultimately, decreased bone mineral density – the increased 
risk of osteoporosis and pathologic fracture is a pertinent 
feature of thyrotoxicosis in the elderly.

Treatment

Treatment of hyperthyroidism is directed toward lowering 
serum concentrations of thyroid hormones to reestablish 

a  euthryoid state. There are three available modalities of 
treatment: antithyroid medications, radioactive iodine (131I) 
therapy, and thyroid surgery. Each modality carries risks and 
benefits (Table 34.6).

Antithyroid Medication

Antithyroid medications interfere with one or more steps in 
the biosynthesis and secretion of thyroid hormone and 
include MMI and PTU. MMI is the preferred drug. Initial 
doses are MMI 10–40 mg three times daily and PTU 100–
300 mg three times daily; these then can be reduced to once-
daily dosing after the patient is rendered euthyroid. Rapidity 
of response is influenced by severity of the underlying dis-
ease, size of the gland, and dose and frequency of the agent 
used. In general, patients become euthyroid within 6–12 
weeks of starting treatment [24].

Adverse reactions to both medications occur, including 
pruritus, arthralgias, and hepatic abnormalities. Hepatic 
necrosis caused by PTU and cholestatic jaundice associated 
with MMI are rare but recently have been the focus of atten-
tion. Agranulocytosis in response to either drug occurs in 
approximately 0.3% of patients, supporting routine monitor-
ing of white blood cell counts [24]. In addition, Imseis and 
colleagues demonstrated that treatment with PTU reduced 
the efficacy of RAI therapy, an effect that was not found with 
MMI use [28]. This is of critical importance for patients who 
do not respond appropriately to antithyroid medications.

Table 34.5  Clinical findings in adult hyperthyroidism

Symptoms

Alertness, emotional lability, nervousness, irritability
Poor concentration
Muscular weakness, fatigability
Palpitations
Voracious appetite, weight loss
Hyperdefecation
Heat intolerance

Signs

Hyperkinesia, rapid speech
Proximal muscle weakness, fine tremor
Fine, moist skin; fine, abundant hair; onycholysis
Lid lag, stare, chemosis, periorbital edema, proptosis
Accentuated first heart sound, tachycardia, atrial fibrillation, dyspnea

Laboratory findings

Suppressed serum TSH
Elevated serum free thyroxine, total T

4
, resin T

3
 or T

4
 uptake, free 

thyroxine index
Increased radioiodine uptake by thyroid gland
Increased basal metabolic rate
Decreased serum cholesterol

Figure 34.2  Exophthalmos in Graves’ disease.

Table 34.6  Adverse effects of major treatment modalities for 
hyperthyroidism

Treatment Adverse effects

Antithyroid drugs 
(methimazole, 
propylthiouracil)

1–15% rash, arthralgias, fever, urticaria
Rare: fulminant hepatitis, acute hepatic  

necrosis, glomerulonephritis, lupus-like 
syndrome, cholestatic hepatitis

15–30%: elevated transaminases within first  
2 months of therapy

0.2–0.5%: agranulocytosis within first  
3 months of therapy

Radioactive iodine Transient or permanent hypothyroidism
Recurrent or persistent hyperthyroidism
Radiation thyroiditis
Transient worsening of ophthalmopathy
Hyperparathyroidism
Thyrotoxic crisis
Secondary gastrointestinal malignancy
Radiation safety precautions

Surgery Hypothyroidism
Hypoparathyroidism
Recurrent laryngeal nerve injury
Hemorrhage
Risk of anesthesia
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Long-term therapy can lead to remission, but as many as 
40% of patients fail to remit after 2 years of treatment. The 
recurrence rate of disease is 60% after 6 months of therapy, 
with a latent period of 2–6 weeks. Because of this high failure 
rate, medical therapy with curative intent is primarily indi-
cated in patients with small goiters, mildly elevated thyroid 
hormone levels, and who exhibit rapid remission with reduc-
tion of gland size [29].

In addition to preventing further synthesis of thyroid hor-
mone, blockade of the catecholamine effects of thyroid 
hormone is especially important in elderly patients with 
underlying cardiac disease. The most useful adjuncts are 
beta-adrenergic blockers, which can provide symptomatic 
relief. Unfortunately, beta-blockers are contraindicated in 
patients with asthma or chronic obstructive pulmonary dis-
ease and those with heart block and congestive heart failure. 
In these patients, a calcium channel blocker such as dilti-
azem may be substituted [10, 24].

Radioactive Iodine Therapy

Radioactive iodine therapy (RAI) therapy is the standard 
treatment for thyrotoxicosis of Graves’ disease in the USA. 
TMNG and toxic adenoma respond to 131I, but surgery is more 
commonly employed. Advantages of RAI are avoidance of 
daily medications with the associated risk of noncompliance, 
symptoms of hyperthyroidism, and the risk of surgery. 
Thyrotoxic atrial fibrillation is likely to revert to sinus rhythm 
after a euthyroid state is established [10]. The overall risk of 
hypothyroidism with RAI necessitating lifelong replacement 
therapy is approximately 6% at 1 year and 82% at 25 years 
[30]. The insidious development of hypothyroidism is likely 
to occur following 131I administration, and most patients even-
tually will require lifelong thyroid hormone replacement. 
Euthyroidism can take 4–6 months to achieve, and multiple 
doses may be required [29]. Because the effects of RAI may 
not be immediately evident, surgical resection in patients with 
antithyroid drug allergies, large goiters, more urgent cardiac 
issues, or coincident thyroid cancer may be more favorable.

In the USA, treatment of Graves’ disease with RAI is the 
preferred therapy for most patients over the age of 21 years. 
Follow-up studies have not implicated RAI as a risk factor 
for development of secondary malignancies [31]. The main 
side effect of RAI is the development of hypothyroidism; 
most often, this occurs in patients with severe hyperthyroid-
ism or very large goiters. Pretreatment with antithyroid med-
ications before RAI reduces its effectiveness, primarily due 
to a radioactive-iodine-uptake (RAIU) independent effect 
[32]. This is particularly a problem with PTU, which can 
have a radioprotective effect [28]. However, in patients with 
severe hyperthyroidism, particularly in the presence of car-
diac comorbidity, antithyroid medication pretreatment should 

be performed for 4–8 weeks before RAI. Pretreatment 
reduces thyroid hormone secretion rapidly and thereby 
reduces the risk of thyrotoxic crisis soon after RAI [33].

The effect of RAI for Graves’ hyperthyroidism associated 
with significant ophthalmopathy is controversial. In a pro-
spective randomized study, Bartalena et  al. evaluated the 
effects of RAI versus antithyroid medications and the effects 
of glucocorticoids in patients with or without Graves’ oph-
thalmopathy. Among those treated with RAI, ophthalmopa-
thy developed or worsened in 15% of patients 2–6 months 
after therapy. None of the patients with baseline ophthalmo-
pathy in this group had improvement of eye disease. Among 
patients treated with a combination of RAI and glucocorti-
coids, 67% of patients with ophthalmopathy had improve-
ment, and no patients had progression of eye disease [34].

RAI also provides effective treatment for TMNG and TA. 
Patients’ characteristics that favor treatment with RAI include 
advanced age of patients, significant comorbidities, small 
goiters, adequate RAIU (>25%) as measured by thyroid 
uptake scans, prior surgery in the anterior neck, contraindi-
cations to surgery, and lack of access to a high-volume sur-
geon. Nygaard and colleagues reported a 52% rate of 
euthyroidism after a single 131I treatment for TMNG, with an 
associated reduction in goiter volume by 40% at 24 months 
[35]. For TA, Nygaard et al. noted that 75% of patients were 
no longer hyperthyroid after their first RAI treatment, and 
that nodule volume showed a median reduction of 35% by 3 
months and 45% by 24 months [36]. As demonstrated by 
Holm et al., hypothyroidism is the main side effect of RAI, 
with a higher incidence in patients who require more than 
one treatment to eliminate the hyperthyroid state [30].

Thyroid Surgery

Thyroid surgery should be considered if a patient has hyper-
thyroidism refractory to medical management, symptoms or 
signs of compression from goiter, coexisting hyperparathy-
roidism requiring surgery, large goiter, substernal or retros-
ternal goiter, insufficient RAIU (<25%), contraindications to 
RAI, thyroid nodule biopsy that is indeterminate or suspi-
cious for thyroid cancer, or need for rapid correction of the 
thyrotoxic state [37]. Surgery for hyperthyroidism is advan-
tageous because treatment is rapid, avoids the possible long-
term risks of RAI and antithyroid medications, and it provides 
tissue for histologic examination. Risk of thyroid cancer in 
TMNG has been estimated to be 3%, although more recent 
data found an elevated risk of 21% [38, 39].

The operative complication rate is low when surgery is 
performed by high-volume thyroid surgeons [40]. In a recent 
cost-effectiveness analysis, surgery was more cost-effective 
than RAI unless patients had significant comorbidities that 
increased surgical mortality [41]. Near-total or total 
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thyroidectomy should be performed for Graves’ disease and 
TMNG, since subtotal thyroidectomy is associated with an 
attendant risk of persistent or recurrent disease. Ipsilateral 
thyroid lobectomy, not subtotal thyroid lobectomy or 
nodulectomy, is indicated for toxic adenomas [42, 43]. 
Hypothyroidism should be anticipated following near-total or 
total thyroidectomy [24, 41]. Following surgery, antithyroid 
medications should be stopped and beta-blockers weaned 
appropriately. Thyroid hormone replacement should be started 
at a dose appropriate for the patient’s weight, with thyroid func-
tion levels monitored every 1–2 months until stable, and then 
at least annually. In the immediate postoperative period, serum 
calcium levels should be measured at 6 and 12 h after surgery, 
and oral calcium and vitamin D supplementation (rocaltrol) 
can be administered to reduce the likelihood of developing 
symptomatic hypocalcemia requiring readmission [44].

In the elderly, thyroidectomy has been shown to be associ-
ated with worser clinical and economic outcomes than in 
younger cohorts, as measured by length of hospital stay, mean 
total costs, immediate perioperative mortality, discharge sta-
tus, and clinical complications (Table 34.7) [45]. Using the 
Charlson Comorbidity Index, the elderly (aged 65–79 years) 
and superelderly (aged >80 years) were stratified into healthy 
(none to two comorbidities) and sick (three or more comor-
bidities) subgroups. Their outcomes have been examined 
based on whether the procedure was performed by low-volume 
(1–29 thyroidectomies/year) versus high-volume (>30 thyroi-
dectomies/year) surgeons. More experienced surgeons had 
better outcomes than their less experienced colleagues 

(Fig.  34.3). A separate population-level study provided 
compelling evidence for a significant association between 
increased surgeon volume and improved patients’ outcomes 
following surgical procedures for both benign and malignant 
thyroid disease [46]. The lowest-volume surgeons (1–9 thy-
roidectomies/year) operated on a substantially greater share of 
elderly patients, who, in turn, had less access to urban hospitals 
and teaching institutions [45]. For this older population, the 
surgical risks and benefits must be carefully weighed.

Table 34.7  Unadjusted and adjusted clinical and economic outcomes from thyroidectomy, by patient age groups

Patient age groups (%)

p-ValuePatient outcomes 18–44 years 45–64 years 65–79 years 80 years and older

Unadjusted

n (%) 8,053 (35.2) 9,959 (43.6) 4,092 (17.9) 744 (3.3)
Mean total costs ($) (95% CI) 5,316 (5,174–5,459) 5,445 (5,343–5,547) 6,067 (5,850–6,285) 8,429 (7,339–9,519) <0.001
Mean length of stay (days) (95% CI) 1.68 (1.63–1.73) 1.73 (1.68–1.77) 2.20 (2.11–2.30) 3.67 (3.19–4.15) <0.001
In-hospital mortality (%) 2 (0) 7 (0.1) 8 (0.2) 6 (0.8) <0.001
Patient discharge (%) <0.001
  Routine 7,998 (99.3) 9,827 (98.7) 3,907 (95.6) 621 (83.5)
  Home health care 26 (0.3) 75 (0.8) 104 (2.5) 50 (6.7)
  Transfer to intermediate care 2 (0) 11 (0.1) 2 (0) 3 (0.4)
  Other transfers 21 (0.3) 37 (0.4) 65 (1.6) 64 (8.6)
Complications (%) 208 (2.6) 240 (3.4) 274 (6.7) 76 (10.2) <0.001
Endocrine-specific complicationsb (%) 87 (1.1) 123 (1.2) 99 (2.4) 27 (3.6) <0.001

Adjusted

Mean total costsc ($) (95% CI) 4,905 (4,821–4,990) 5,263 (5,182–5,344) 5,917 (5,769–6,066) 7,084 (6,653–7,514) <0.001
Mean length of stayd (days) (95% CI) 1.62 (1.58–1.66) 1.77 (1.73–1.81) 2.22 (2.15–2.30) 2.88 (2.67–3.10) <0.001
Complicationse (%) 6 (0.2) 15 (0.3) 41 (2.1) 19 (5.6) <0.001
Source: Reproduced with permission from [45] Copyright 2008, with permission of Elsevier
a Significance was set at a = 0.05
b Endocrine-specific complications include recurrent laryngeal nerve injury and hypoparathyroidism
c Adjusted for race, gender, hospital region, procedure, diagnosis, comorbidity, surgeon volume, household income, primary payor, and admission type
d Adjusted for race, gender, hospital region, procedure, diagnosis, comorbidity, surgeon volume, household income, primary payor, and admission type
e Adjusted for gender, region, procedure, diagnosis, comorbidity, surgeon volume, household income, primary expected payor, and admission type

Figure 34.3  Complications of thyroidectomy for patients 65 years of 
age and older, by comorbidity and surgeon volume (reprinted with 
permission from [45] Copyright 2008, with permission of Elsevier).
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Nodules

Epidemiology

Elderly patients frequently harbor thyroid nodules, and the 
incidence of thyroid nodules increases with age. Solitary pal-
pable nodules occur in 4–7% of individuals and are approxi-
mately four times more prevalent in women than in men [47]. 
High-resolution ultrasound can detect thyroid nodules in 
19–67% of randomly selected individuals, with higher 
frequencies in women and the elderly [48]. Exposure to radia-
tion, particularly during childhood, is associated with an 
increased prevalence of thyroid nodules and papillary thyroid 
cancer. Iodine deficiency is associated with elevated risk of 
follicular thyroid cancer. Rapid growth, pain, and hoarseness 
are concerning for malignancy. Other risk factors for thyroid 
cancer include male gender, familial polyposis, Gardner’s syn-
drome, Cowden’s syndrome, familial papillary or medullary 

thyroid cancer, and multiple endocrine neoplasia (MEN) IIA 
or IIB syndrome. The clinical importance of thyroid nodules 
rests with the need to exclude thyroid cancer, which occurs in 
5–10% of patients with thyroid nodules [47, 48].

Clinical and Diagnostic Evaluation

Following the discovery of a solitary thyroid nodule, subsequent 
management depends on the knowledge of a cost-effective 
workup. Most patients with a solitary thyroid nodule have a 
benign lesion; however, thyroid cancer is a consideration in 
all patients. Deciding between surveillance and nonoperative 
management or surgical therapy relies on careful analysis of 
the presentation and assessment with imaging modalities 
such as dedicated neck ultrasound and thyroid uptake scan, 
along with cytologic diagnosis provided by FNA biopsy 
(Fig. 34.4) [49].

Figure 34.4  Algorithm for the 
evaluation of patients with one or 
more nodules (reprinted with 
permission from [5]).
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The circumstances surrounding the onset and detection of 
the nodule and subsequent growth roughly correlate with 
malignant potential. Incidental subcentimeter nodules, iden-
tified during imaging procedures, have a very low probabil-
ity of malignancy [50]. Slow growth over months to years 
can be seen with differentiated thyroid carcinomas or benign 
lesions. Rapid growth over days to weeks most commonly 
occurs with cyst formation in a goiter or hemorrhage into a 
preexisting cyst or nodule, but may rarely represent anaplas-
tic thyroid carcinoma or primary thyroid lymphoma. Rapid 
onset of pain in a nodule often indicates hemorrhage into a 
goiter or benign adenoma. Slow onset of pain or hoarseness 
associated with a thyroid nodule is concerning for malig-
nancy. Symptoms of hyperthyroidism are associated with an 
autonomous nodule (TA or “hot nodule”) or TMNG.

With the discovery of a thyroid nodule, a complete history 
and physical examination focusing on the thyroid gland and 
adjacent cervical lymph nodes should be performed. Risk 
factors for thyroid cancer are a history of head and neck irra-
diation in childhood or adolescence (papillary thyroid cancer), 
family history of thyroid cancer in a first-degree relative 
(familial papillary or medullary thyroid cancer, MEN IIA or 
IIB), and total body irradiation for bone marrow transplanta-
tion. Physical examination findings suggestive of malignancy 
include vocal cord paresis or paralysis, fixation of the nodule 
to surrounding tissues, or cervical lymphadenopathy [50].

In general, use of a complete blood count or standard 
electrolyte evaluation is unhelpful in the evaluation of a 
patient with a thyroid nodule. Thyroid function tests, includ-
ing measurement of T

3
, T

4
, and TSH levels, should be 

employed to identify patients with hyper- or hypothyroidism. 
In 2006, the American Thyroid Association (ATA) Guidelines 
Taskforce recommended that if serum TSH is subnormal for 
nodules greater than 1–1.5 cm in diameter, then a radionu-
clide thyroid scan should be performed to determine whether 
the nodule is functioning with tracer uptake greater than the 
surrounding normal thyroid tissue (“hot”), isofunctioning 
(“warm”), or nonfunctioning with tracer uptake less than the 
surrounding thyroid (“cold”) (Fig.  34.5). In general, func-
tional nodules rarely harbor malignancy [50]. However, a 
large series has shown that 16% of patients with cold nodules 
and 4% of patient with hot nodules had thyroid cancer docu-
mented by surgical resection [51]. It may be that the most 
useful current application for radionuclide scanning is in the 
setting of the workup for Graves’ disease.

Based on the ATA Guidelines, the finding of a nodule that 
is 1–1.5 cm in size warrants consideration of ultrasound and 
biopsy. An exception can be made for an elderly patient with a 
growing hot nodule. The likelihood of a hot nodule causing 
clinical hyperthyroidism over time is a function of its size. If 
there is evidence of autonomous function, an elderly patient 
with a large nodule should be considered for either RAI or 
surgery to prevent the development of atrial fibrillation or other 
cardiac complications prevalent in this population [10, 41].

Ultrasonography of the thyroid is used as the initial imag-
ing modality of a palpable nodule. It is helpful in determin-
ing volume and size, number of nodules, whether nodules 
are solid or cystic, and (with serial ultrasonography) whether 
there is interval growth. Use of ultrasound has expanded into 
the office setting and also is available for intraoperative eval-
uation. It is highly operator-dependent. Ultrasound cannot 
distinguish between benign and malignant pathologies [52]. 
Thyroid cancers are hypoechoic in almost 80% of cases; in 
20% of cases, they appear as inhomogeneous lesions with 
solid hypoechoic and cystic changes. However, up to 1% of 
all carcinomas show a homogeneously hyperechoic echotex-
ture. Papillary thyroid carcinomas often contain microcalci-
fications (Fig. 34.6), but these also can be seen within benign 
hyperplastic or regressive nodules [53, 54].

Figure 34.5  123I thyroid scintigraphy (thyroid “uptake” scans).

Figure 34.6  Transverse ultrasound image showing multifocal papillary 
thyroid carcinoma.
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Subclinical, subcentimeter nodules in patients without 
personal or familial risk factors should undergo size assess-
ment by ultrasound examination and follow-up studies at 6 
and 12 months. FNA should be performed for nodules that 
are 1–1.5 cm in size, smaller nodules with irregular edges or 
rapid size progression, and in patients with risk factors for 
thyroid malignancy [55]. Ultrasound-guided FNA is the most 
accurate and cost-effective method for evaluating thyroid 
nodules and suspicious cervical lymph nodes. It can be read-
ily performed by experienced clinicians in the outpatient set-
ting. With the patient in a supine position and the neck 
extended, the skin overlying the nodule is cleansed. 
Infiltration of a local anesthetic agent is optional. A 23- to 
25-gauge needle is inserted into the nodule. Ultrasound-
guided FNA biopsy of a thyroid nodule has certain advan-
tages, including the ability to biopsy small, nonpalpable 
nodules and to biopsy the solid component of a thyroid cyst. 
While maintaining gentle suction on the syringe, the needle 
is moved forward and backward through the nodule to draw 
tissue into the needle. Suction is released, and the needle is 
withdrawn. The aspirated fluid is spread on a microscope 
slide and air-dried or fixed according to the preferences of 
the examining cytopathologist [56, 57].

Assessment of FNA-acquired tissue by an experienced 
thyroid cytologist can identify reliably the characteristics of 
particular processes. The features of papillary thyroid carci-
noma, such as nuclear grooves, intranuclear cytoplasmic 
inclusions, psammoma bodies, fine powdery chromatin, and 
papillary formations, may be seen. Bland follicular cells, 
mature lymphocytes, and hemosiderin-laden macrophages 
are typical of nodular goiter, Hashimoto’s thyroiditis, or cys-
tic degeneration of a benign nodule.

Traditionally, FNA biopsy results are divided into four 
categories: nondiagnostic, benign, indeterminate or suspi-
cious for neoplasm, and malignant. Nondiagnostic aspirates 
are due to insufficient sampling and typically contain few 
follicular cells and scant colloid. Such results should prompt 
a repeat FNA biopsy [56]. If a nodule is benign on cytology, 
additional diagnostic studies or treatment are not routinely 
required. Indeterminate or suspicious cytology can be found 
in 15–30% of FNA specimens [37]. Follicular and Hürthle 
cell neoplasms fall into this category because malignancy is 
determined by histologic evidence of vascular or capsular 
invasion that only can be determined on histologic analysis. 
Specific molecular markers have been evaluated to improve 
diagnostic accuracy of cytology in the setting of these lesions. 
Recent ATA Guidelines do not advocate routine use of these 
markers; instead, ipsilateral thyroid lobectomy, or near-total 
or total thyroidectomy (if there are multiple or bilateral nod-
ules) is recommended [50]. Finally, aspirates of malignant 
nodules have unequivocal cytopathologic features of malig-
nancy. These specimens tend to be highly cellular and exhibit 
typical architechtural and cytologic features of primary 
thyroid carcinomas (papillary, medullary, or anaplastic), 

lymphomas (primary or secondary), or metastatic tumors. 
Approximately 5% of aspirates fall into this category [58].

In the elderly population, primary thyroid lymphoma and 
anaplastic thyroid carcinoma are more common and present 
typically with a history of rapid nodule growth, often associ-
ated with subjective respiratory compromise and stridor. 
Prompt differential diagnosis is critical, as treatment options 
vary. Surgery, radiotherapy, and/or chemotherapy can be 
beneficial in the setting of primary thyroid lymphoma, while 
the treatment of anaplastic thyroid cancer is poorly effective 
and includes radiotherapy, palliative debulking, tracheostomy, 
and/or feeding tube placement.

Treatment

Patients with benign FNA results in the proper clinical set-
ting should be followed-up periodically with focused physi-
cal examinations, as there is a false-negative rate of up to 5% 
with FNA [59]. Consideration should be given to ultrasound 
follow-up evaluation of nodule size and contour, and repeat 
FNA should be performed if the nodule increases in size or 
develops suspicious characteristics by ultrasound appearance 
or physical examination.

In the past, patients with benign nodules often were 
treated with thyrotropin-suppressive therapy with levothy-
roxine, which was thought to shrink some lesions and pre-
vent enlargement of others. However, several studies indicate 
that only 20% of cytologically benign thyroid nodules 
undergo significant shrinkage with this therapy, and that 
40–50% of these nodules shrink or disappear spontaneously. 
This may explain the apparent effectiveness of suppressive 
therapy reported in many uncontrolled clinical trials. 
Approximately 20% of cytologically benign thyroid nodules 
not treated with thyroid suppression enlarge over time, but 
only 5% of these nodules harbor malignancy [60, 61]. Given 
the potential long-term skeletal and cardiac effects of thyroid 
hormone, permanent suppressive therapy of presumed benign 
nodules is probably unwise in elderly women [10]. 
Furthermore, current ATA Guidelines do not recommend 
routine suppressive therapy of benign thyroid nodules [50].

Indications for surgical intervention include FNA find-
ings of thyroid malignancy, suspicious for malignancy, or 
inconclusive neoplastic lesion; nodules with progressive 
growth in size; and, multiple thyroid nodules in the setting of 
prior ionizing radiation exposure [62]. In addition to resolving 
questions regarding malignancy, surgery can alleviate symp-
toms related to local mass effect on the upper aerodigestive 
tract. Patients can have dysphagia, chronic cough, or in the 
case of a substernal goiter, difficulty breathing. Substernal 
goiters are more common in the elderly [63, 64]. Often, 
elderly patients with long-standing goiter and respiratory 
complaints are diagnosed with asthma or chronic obstructive 
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pulmonary disease when the extent of airway compromise 
caused by the goiter is unrecognized. Routine chest radio-
graph, CT scan, or MRI can determine the extent of the goi-
ter and status of the patient’s airway (Fig.  34.7). In  most 
cases, substernal goiters can be removed through a cervical 
Kocher incision, even in reoperative circumstances [63–65].

Neoplasia

Epidemiology

Thyroid cancer represents less than 1% of all malignancies 
in the USA, occurring in approximately 40 per one million 
people per year [1]. Six deaths per one million people occur 
annually. While the incidence of thyroid cancer in the USA 
more than doubled over the past 30 years, almost 90% of this 
increase was due to the diagnosis of differentiated thyroid 
cancers [4]. Ninety percent of thyroid malignancies are 
categorized as well-differentiated tumors arising from a 
follicular cell origin. These include papillary thyroid cancer, 
follicular thyroid cancer, and Hürthle cell cancer. Medullary 
thyroid cancer, which arises from thyroid parafollicular or C 
cells, accounts for about 6% of thyroid cancers, of which 
20–30% are inherited in the form of familial medullary thy-
roid cancer or MEN types IIA and IIB. Anaplastic thyroid 
cancer, also derived from thyroid follicular cells, is an 
aggressive malignancy and is responsible for less than 1% of 
thyroid cancers, and 600 new cases per year. Approximately 
1% of thyroid malignancies are primary thyroid lymphoma, 

usually of the non-Hodgkin’s B-cell type [66]. Metastatic 
disease to the thyroid is rare and most commonly originates 
from renal cell carcinomas, breast cancers, and lung cancers. 
Other tumors that have been shown to metastasize to the 
thyroid include melanoma and those from esophagus, stom-
ach, pancreas, colon, rectum, uterus, and larynx [67, 68].

Clinical and Diagnostic Evaluation

Evaluation of a patient for thyroid cancer should begin with 
a thorough history and physical examination. This should be 
followed by ultrasonography with FNA, and occasionally, 
CT (usually without intravenous contrast in case it is a dif-
ferentiated thyroid cancer that will necessitate adjuvant RAI 
therapy) or MRI. In addition to thyroid function tests, patients 
with medullary thyroid cancer require preoperative evalua-
tion of calcitonin, carcinoembryonic antigen (CEA), and 
catecholamine levels (24-h urine measurement of epineph-
rine, norepinephrine, metanephrine, normetanephrine, vanil-
lylmandelic acid, and dopamine levels), particularly if there 
is suspicion of MEN IIA or IIB syndrome. In addition, con-
sideration should be given to genetic screening with a serum 
RET (rearranged during transfection) proto-oncogene screen 
for all patients with medullary thyroid cancer.

Papillary thyroid cancer is the most common form, repre-
senting 80% of thyroid cancers. Prognostically, it is the most 
favorable. This tumor tends to exhibit intra- and extraglandular 
lymphatic spread; unlike other malignancies, presence of lym-
phatic metastases generally does not adversely influence prog-
nosis, especially in young patients under age 45 years. 
Recognized variants of papillary carcinoma include encapsu-
lated, follicular, tall cell, columnar cell, clear cell, and diffuse 
sclerosing carcinomas. Follicular thyroid cancer is more 
aggressive. Malignant lesions exhibit vascular or capsular inva-
sion, and they spread hematogeneously to lung and bone. Like 
follicular thyroid cancer, Hürthle cell cancer, an oncocytic 
tumor, is considered malignant if there is evidence of vascular 
or capsular invasion. Although considered well-differentiated, 
Hürthle cell carcinoma holds a significantly worse prognosis 
than its papillary or follicular counterparts, in part because 
only a minority of tumors demonstrate iodine avidity. While 
the mean age at presentation is 30–40 years for papillary carci-
noma, mean age at presentation for follicular thyroid cancer is 
50 years, and for Hürthle cell carcinoma, 60 years [69, 70].

Medullary thyroid cancer arises from the calcitonin-secreting 
parafollicular or C-cells, which are derived from neural crest 
cells during embryologic development. Sporadic medullary 
thyroid cancer represents 70% of all cases; it tends to be uni-
lateral and occurs after 30 years of age. Inherited medullary 
thyroid cancer accounts for 20–30% of all cases; it is almost 
always bilateral, associated with C-cell hyperplasia, and usu-
ally occurs before 30 years of age. Familial medullary thyroid 

Figure  34.7  Computed tomography image of goiter with extensive 
substernal component.
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cancer can occur in the absence of associated endocrinopathy 
or as part of the MEN II syndromes. The pathologic features 
of medullary thyroid cancer include the presence of amyloid, 
a classic “salt-and-pepper” appearance of the cells, C-cell 
hyperplasia, and positive immunohistochemical staining for 
calcitonin and CEA. Patients present with a thyroid mass 
associated with cervical lymphadenopathy in up to 20% of 
cases. Symptoms are secondary to mass effect or to hypercal-
citonism, as manifested by diarrhea and flushing. 
Hematogeneous metastases to the liver, lung, and bones occur 
with disease progression. Prognosis varies with extent of dis-
ease. Sporadic and MEN-IIB-associated medullary thyroid 
tumors are more aggressive, and they carry a worse prognosis 
than MEN IIA or familial forms of the disease [71].

With the reduction of iodine-deficiency-associated goiters 
in the USA, the incidence of anaplastic or undifferentiated 
carcinoma has decreased to less than 1% of thyroid cancers. 
It usually arises in a well-differentiated cancer and in patients 
older than 60 years. Patients may detail a history of rapid 
enlargement of a neck mass in conjunction with pain, hoarse-
ness, dyspnea, and dysphagia. Physical examination often 
reveals a firm, fixed thyroid mass with palpable cervical 
lymph node metastases. On FNA, spindle cells, small cells, 
or giant cells suggest the diagnosis. In many cases, additional 
pathologic material will be required to obtain a histologic 
diagnosis. While anaplastic thyroid cancer is rare, it accounts 
for more than half of the 1,200 deaths attributed to thyroid 
cancer annually in the USA [72]. Given the overall aggres-
siveness of the disease as well as its late clinical presenta-
tion, prognosis is extremely poor, with a 90% mortality 
within a mean interval of 9 weeks [73, 74].

Primary thyroid lymphoma is usually of the non-Hodgkin’s 
B-cell type. It tends to occur in elderly women who present 
with a rapidly growing, often painful, thyroid mass with com-
pressive symptoms. The overall 5-year survival for lymphoma 
of the thyroid is 70%. Older age, single marital status, 
advanced stage (stages II–IV), and histologic subtype (large 
B-cell, follicular, or other non-Hodgkin’s) are associated with 
worse survival [75]. Primary squamous cell carcinoma and 
metastatic disease is rare. The diagnosis is most often con-
firmed by FNA and rarely requires surgical intervention [73].

A number of clinical scoring systems have been developed 
to assess prognosis of differentiated thyroid cancer. These 
include AGES (age, grade, extent, size), AMES (age, metas-
tasis, extent, size), and MACIS (metastasis, age, complete-
ness of resection, invasion, size) [76, 77]. For well-differentiated 
tumors, patients younger than 20 years, males older than 40 
years, and females older than 50 years with cancers greater 
than 4 cm that have extended through the thyroid capsule and 
who have distant metastases are at higher risk of dying from 
the disease. In contrast, patients between ages 20 and 40 years 
with a tumor less than 4 cm confined to the thyroid are at low 
risk and have an excellent prognosis. The TMN staging sys-
tem adopted by the American Joint Committee on Cancer 

(AJCC), as well as the International Union Against Cancer 
(UICC), is universally accepted and is required by tumor 
boards for standardized reporting (Table 34.8) [50].

Treatment

The goals of initial therapy of differentiated thyroid cancer 
are to (1) remove the primary tumor, disease beyond the thy-
roid capsule, and involved cervical lymph nodes; (2) permit 
accurate staging of the disease; (3) minimize treatment-
related morbidity; (4) facilitate postoperative treatment with 
RAI if appropriate; (5) allow for accurate long-term surveil-
lance for recurrence; and (6) minimize risk of locoregional 
disease recurrence and metastatic spread [50].

Successful thyroid surgery requires an appreciation of the 
normal anatomic relations of the thyroid and parathyroids, 
the recurrent and superior laryngeal nerves, and the inferior 
thyroid arteries, as well as their common anatomic varia-
tions. Lo Gerfo and colleagues have shown that bilateral 
neck exploration under regional anesthesia can be performed 
safely in patients with thyroid disease [78, 79]. However, 
most surgeons prefer general endotracheal anesthesia. The 
relatively short duration of the procedure and lack of signifi-
cant fluid shifts and hemodynamic changes allows it to be 
well-tolerated, even in older patients.

According to the ATA Guidelines, near-total or total thyroi-
dectomy are acceptable operations for papillary thyroid cancer. 
They are followed by a 10-year survival rate in excess of 90%. 
Subtotal or partial lobectomy (“nodulectomy”) is contraindi-
cated. Total thyroidectomy is preferred over other operations 
because of the high incidence of multifocal disease, a clinical 
recurrence rate of 7% in the contralateral lobe if it is spared, 
and the ease of assessment for recurrence by serum thyroglob-
ulin assay or radioiodine scan during follow-up exams. In addi-
tion, total thyroidectomy increases the efficacy of RAI therapy. 
Routine central compartment (level VI) neck dissection con-
tinues to be an area of great controversy. Although there are 
ample data that micrometastases to this level are not infrequent, 
central lymphadenectomy comes with increased attendant risk 
of recurrent laryngeal nerve injury and hypoparathyroidism. If 
there is palpable, biopsy-proven, or grossly apparent metasta-
sis at the time of surgery, lymphadenectomy should be per-
formed. However, if these conditions are not present and if 
postoperative RAI ablation is planned, dissection of nonpal-
pable central lymph nodes is debatable [80, 81]. A modified 
radical neck dissection (levels II–V), preserving the sterno-
cleidomastoid muscle, spinal accessory nerve, and internal 
jugular vein, usually is indicated for patients with clinically 
palpable or biopsy-proven cervical adenopathy [82].

Patients with an FNA-diagnosis of follicular or Hürthle 
cell neoplasm should undergo ipsilateral thyroid lobectomy 
and isthmusectomy because approximately 20% of these 
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lesions will prove to be carcinomas. The diagnosis of carci-
noma is confirmed by the finding of capsular and vascular 
invasion on permanent histology. Detection of macroinvasion 
necessitates completion of thyroidectomy. Indications for 
total thyroidectomy include obvious extension of the lesion 
through the thyroid capsule, lesions greater than 4 cm (50–
80% prove to be malignant), and contralateral nodularity or 
pathology. Follicular carcinoma is associated with a 10-year 
survival of 85% and 20-year survival of 70% [70]. Like pap-
illary and follicular malignancies, Hürthle cell carcinomas 
produce thyroglobulin, a useful marker for postoperative sur-
veillance. However, Hürthle cells are not iodine-avid; there-
fore, surgical resection is the mainstay of treatment.

In patients with papillary or follicular thyroid cancer, 
postoperative ablation with 131I is used more frequently to 

eliminate residual thyroid tissue in order to decrease the risk 
of locoregional recurrence as well as to facilitate long-term 
surveillance with radioiodine scans. Several retrospective 
studies have demonstrated a significant reduction in the rates 
of disease recurrence and disease-associated mortality 
[70,  83]. In order to effectively administer postoperative 
RAI, the patient must be sufficiently hypothyroid as shown 
by elevated serum TSH levels. Levothyroxine is withheld or 
withdrawn for 4–6 weeks to maximize thyrotropin stimula-
tion of the remaining thyroid tissue. The resulting hypothy-
roidism is tolerated poorly by some patients, and it may be 
attenuated by administration of liothyronine sodium to 
ensure a shorter duration of hypothyroidism. Recently, 
administration of recombinant human thyrotropin (rhTSH) 
has been used in lieu of traditional thyroid hormone withdrawal. 

Table 34.8  American Joint Committee on Cancer (AJCC) pathologic-tumor-node metastasis (pTNM) system

Definition

Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor diameter 2 cm or less limited to the thyroid
T1a Tumor diameter 1 cm or less limited to the thyroid
T1b Tumor diameter 1–2 cm limited to the thyroid
T2 Primary tumor diameter >2–4 cm
T3 Primary tumor diameter >4 cm limited to thyroid or with minimal extrathyroidal extension
T4a Tumor of any size extending beyond thyroid capsule to invade soft tissues, larynx, trachea, 

esophagus, recurrent laryngeal nerve (moderately advanced)
T4b Tumor invades prevertebral fascia or encases carotid artery or mediastinal vessels (very advanced)
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
N1a Metastases to level VI (pretracheal, paratracheal, prelaryngeal/Delphian lymph nodes)
N1b Metastases to unilateral, bilateral, contralateral cervical or superior mediastinal lymph nodes
Mx Distant metastases not assessed
M0 No distant metastases
M1 Distant metastases

Stage

Papillary or follicular Medullary Anaplastic

Age <45 years Age >45 years Any age Any age

I Any T, any N, M0 T1, N0, M0 T1, N0, M0
II Any T, any N, M1 T2, N0, M0 T2, N0, M0

T3, N0, M0
III T3, N0, M0 T1, N1a, M0

T1, N1a, M0 T2, N1a, M0
T2, N1a, M0 T3, N1a, M0
T3, N1a, M0

IV
  A T4a, N0, M0 T4a, N0, M0 T4a, any N, M0

T4a, N1a, M0 T4a, N1a, M0
T1, N1b, M0 T1, N1b, M0
T2, N1b, M0 T2, N1b, M0
T3, N1b, M0 T3, N1b, M0
T4a, N1b, M0 T4a, N1b, M0

  B T4b, any N, M0 T4b, any N, M0 T4b, any N, M0

  C Any T, any N, M1 Any T, any N, M1 Any T, any N, M1

Source: Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, IL, The original source for this material is the AJCC 
Cancer Staging Manual, Seventh Edition (2010) published by Springer Science and Business Media, LLC, http://www.springerlink.com
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Successful remnant ablation with 131I was equivalent after 
thyroxine withdrawal compared to rhTSH stimulation when 
the thyroxine therapy was stopped 1 day prior to the rhTSH 
injections and restarted the day following RAI [84–86].

Treatment for medullary thyroid cancer generally includes 
total thyroidectomy and central lymph node dissection. An 
ipsilateral or bilateral modified radical neck dissection is 
performed for lateral cervical lymph node disease. Tumor 
debulking may be helpful in alleviating diarrhea and flush-
ing. Nutmeg oil, a combination of atropine sulfate and diphe-
noxylate hydrochloride, or subcutaneous somatostatin 
analogue has offered some relief from symptoms of meta-
static disease [71]. Postoperatively, calcitonin remains a 
highly sensitive tumor marker and may remain elevated in 
patients who present with bulky disease. Preoperative basal 
calcitonin levels can individualize the extent of surgery and 
postoperative follow-up intervals. On multivariate analysis, 
preoperative basal serum calcitonin levels >500 pg/ml best 
predicted failure to achieve biochemical remission, followed 
by nodal metastasis and need for reoperation. Patients with 
nodal or distant metastases did not achieve biochemical 
remission when their preoperative basal calcitonin levels 
exceeded 3,000  pg/ml. Nodal metastasis emerged at basal 
calcitonin levels of 10–40  pg/ml, while distant metastases 
and extrathyroidal growth appeared with basal calcitonin 
levels of 150–400  pg/ml [87]. Despite this, some patients 
with medullary thyroid cancer survive for many years with 
minimal symptoms despite significant tumor burden. 
Chemotherapy is poorly effective in the management of 
locally advanced and metastatic medullary thyroid cancer, 
and the role of radiation therapy is questionable. The best 
results are achieved in familial medullary or MEN II kin-
dreds where patients can be identified presymptomatically 
and appropriately treated [55, 71]. More recently, tyrosine 
kinase inhibitors have been shown to inhibit RET tyrosine 

kinase activity. Clinical studies are underway, but only pre-
liminary results have been published [88, 89].

Anaplastic thyroid cancer most often is advanced at pre-
sentation, and it usually presents in the 6–7th decades of life. 
It is almost always unencapsulated and invades surrounding 
structures. Cervical lymphadenopathy and pulmonary metas-
tases are common. It does not concentrate iodine or express 
thyroglobulin [90]. Although there is no satisfactory treat-
ment for anaplastic cancer, local control can be attempted 
with palliative surgery, chemotherapy, or radiotherapy. 
Tumor debulking, tracheostomy, and feeding gastrostomy 
may be required for palliation [91]. In the rare instance of 
early anaplastic carcinoma localized to the thyroid, total thy-
roidectomy has resulted in long-term survival [92].

Primary non-Hodgkin’s lymphoma of the thyroid is most 
common in elderly women, occurring most often in the back-
ground of autoimmune thyroid disease. Primary thyroid lym-
phoma usually is not a surgical disease, although surgeons 
often assist by obtaining adequate tissue to establish a diag-
nosis and determine tumor markers. Use of multimodality 
chemotherapy, particularly with anthracycline agents, and 
external radiotherapy results in dramatic tumor shrinkage 
and rapid resolution of airway compromise. The overall 
5-year survival is approximately 70%, depending on stage 
and histologic type [71, 75, 93].

Conclusion

Thyroid disease is common in the elderly. In this population, 
the clinical manifestation of thyroid dysfunction can be subtle, 
often hidden by a background of coexistent disease. Hypo- and 
hyperthyroidism often are subclinical, and therapeutic decisions 
may be dictated by patients’ preference and overall health 

Case Study Resolution

JK’s medical and surgical teams discussed the risks and 
benefits of total thyroidectomy with the patient, and the 
decision was made to proceed with surgery given the 
apparent aggressive nature of her cancer. Given her sub-
jective hoarseness, indirect laryngoscopy was performed, 
and her vocal cord function was deemed to be intact; she 
had mild reflux. Appropriate medical and cardiologic 
clearance was obtained. The patient met with anesthesiol-
ogy preoperatively. Her warfarin was stopped 5 days prior 
to surgery, as was her vitamin supplement. Total thyroi-
dectomy with en bloc resection of the right strap muscle 
was performed, along with a right central lymph node 

dissection. The patient did well postoperatively; she had 
no evidence for change in voice or hypoparathyroidism. 
Her warfarin was restarted on postoperative day 1, and she 
was discharged home that day with follow-up with her 
cardiologist later in the week. Her final pathology revealed 
multifocal papillary thyroid cancer. The largest focus 
measured 4.1 cm in the right lobe, and an additional 5 mm 
focus was identified in the contralateral lobe. 
Lymphovascular invasion was seen, and there was exten-
sion of tumor into soft tissue, but surgical margins were 
negative. Three of ten lymph nodes were positive for met-
astatic disease, giving her an AJCC pT4aN1aMx, or stage 
IVA, papillary thyroid cancer. She met with endocrinol-
ogy regarding adjuvant RAI therapy.
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status. The incidence of thyroid nodules increases with age, as 
does the risk of thyroid malignancy and the aggressiveness of 
the thyroid tumor. Surgery is the mainstay of treatment for thy-
roid cancer. Quality-of-life issues related to voice, swallowing, 
and calcium metabolism are especially salient in elderly 
patients. Thyroid surgery in this population is associated with 
increased attendant risk, but it can be performed safely, espe-
cially in the hands of high-volume thyroid surgeons. It is 
imperative that internists, geriatricians, endocrinologists, and 
thyroid surgeons work together as an interdisciplinary team to 
formulate and tailor treatment strategies.
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Introduction

The primary function of the parathyroid glands is to maintain 
calcium homeostasis through the secretion of parathyroid 
hormone (PTH). This hormone is regulated by serum calcium 
through calcium-sensing receptors (CaSRs) on the parathyroid 
cell surface. In turn, most peripheral tissues, primarily kidney 
and bone, have PTH receptors which can affect varying func-
tions. In the past, disturbances in this system were difficult to 
recognize until the development of clinically significant 
disease. With the development of better biochemical assays 
for serum PTH and calcium levels, subclinical derangements 
can be diagnosed before patients become symptomatic. 
The  management of patients with the broad spectrum of 
metabolic calcium disturbances remains controversial.

Mineral Homeostasis

Plasma calcium exists in three phases: protein-bound, ionized, 
and complexed. Normally, approximately 1 g of inorganic cal-
cium is absorbed daily in the proximal small intestine. About 
45% of total blood calcium is protein-bound, predominantly to 
albumin, but also to globulins. A similar fraction is ionized. 
The rest is complexed to organic ions such as citrate, phos-
phate, and bicarbonate. Calcium is in constant flux between 
the extracellular and intracellular spaces, in bone, and in renal 
glomerular filtrate, which is reabsorbed by the normal kidney.

The ionized fraction of serum calcium controls vital 
cellular functions, such as neuromuscular transmission, 
muscle contraction, and blood clotting. Precise mainte-
nance of calcium concentration within a very narrow range 
in extracelluar fluids is therefore critically important. 
The  binding of calcium to albumin is pH-dependent, 
increasing with alkalosis, and decreasing with acidosis. 
Thus, if the ionized calcium is low, acidosis tends to pro-
tect an individual from manifesting the symptoms and 
signs of hypocalcemia; conversely, alkalosis predisposes a 
patient to symptomatic hypocalcemia.
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Case Study

An 82-year-old woman was brought to the Emergency 
Department with a 5-day history of worsening lethargy 
and confusion. From prior hospital records, her past 
medical history was notable for two episodes of neph-
rolithiasis, gastroesophageal reflux disease, and hyper-
tension. Her medications included hydrochlorothiazide, 
metoprolol, omeprazole, and aspirin.

Physical examination revealed a frail-appearing 
woman, who was arousable to voice, and oriented only to 
person. She was afebrile and normotensive, but mildly 
tachycardic with a heart rate of 100 beats per minute. 
Neurologic exam was nonfocal. The remainder of her 

examination was significant only for poor skin turgor 
and dry mucous membranes.

Laboratory studies were notable for a normal white 
blood cell count, mild hemoconcentration, blood urea 
nitrogen (BUN) 25 mg/dL, serum creatinine 1.3 mg/dL, 
serum calcium 14.7  mg/dL, and albumin 4.3  g/dL. 
Urinalysis was negative.

The patient was admitted to the hospital with hyper-
calcemia. She was hydrated appropriately with intrave-
nous crystalloid fluids, with subsequent improvement of 
her mental status and calcium level. Additional labora-
tory evaluation was obtained, revealing an intact parathy-
roid hormone (iPTH) level of 200 pg/ml. The patient was 
diagnosed with primary hyperparathyroidism.
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The adult body contains approximately 700  g of phos-
phate, primarily located in the teeth and bones. Plasma levels 
of calcium and phosphate are inversely related, and the 
primary agents responsible for calcium metabolism are PTH, 
vitamin D, and calcitonin (see Fig. 35.1) [1].

Parathyroid Hormone (PTH)

The chief cells of the parathyroid gland constantly monitor 
ionized calcium concentrations through their cell surface CaSR, 
thus allowing the circulating level of PTH to change within 
seconds after an alteration in serum calcium [2]. PTH secretory 
rates are related to serum ionized calcium and 1,25-dihy-
droxyvitamin D by an inverse sigmoidal relationship. Low ion-
ized calcium concentrations maximally stimulate secretion, 
while increases in calcium suppress the production and release 
of PTH. PTH secretion is exquisitely sensitive to very small 
alterations in the calcium concentration, which have substantial 
effects on the rate of hormone synthesis and release.

PTH is synthesized within the parathyroid gland as a 
115-amino-acid precursor molecule (preproPTH) that is suc-
cessively cleaved within the cell to form the mature 84-amino-
acid PTH. This form of the hormone is packaged into 

secretory granules and released into the circulation. Mature 
PTH is metabolized in the liver into the active N-terminal 
and inactive C-terminal fragments. The intact molecules and 
N-terminal fragments have half-lives of approximately 
3–5  min, while the inactive C-terminal fragments have a 
half-life of hours. The C-terminal fragments are excreted by 
the kidneys, and usually accumulate to high levels in the 
serum of patients with renal failure.

PTH inhibits osteoblasts and stimulates osteoclasts. In the 
kidney, PTH causes a decrease in calcium clearance as well 
as increased renal excretion of phosphate by inhibiting its 
reabsorption in the tubules. In addition, PTH stimulates 
hydroxylation of 25-hydroxyvitamin D to 1,25-dihydroxyvi-
tamin D, which allows for enhanced calcium absorption in 
the proximal intestine [3].

Vitamin D

The sterol 1,25-dihydroxyvitamin D, or calcitriol, is an essen-
tial mediator of calcium homeostasis. Calcitriol synthesis 
begins with ultraviolet activation of 7-dehydrocholesterol in 
the skin, generating cholecalciferol (vitamin D). In the liver, 
vitamin D is readily hydroxylated to 25-hydroxyvitamin D2, 
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which in turn is hydroxylated to the potent calcitriol. This 
final step occurs in the kidney and is tightly regulated by PTH. 
In turn, calcitriol has a regulatory effect on PTH, by exerting 
a physiologic inhibition of the parathyroid glands [4].

Calcitonin

Parafollicular, or C cells, of the thyroid gland secrete the 
peptide hormone calcitonin. Calcitonin interacts with recep-
tors in kidney and bone. The primary function of calcitonin 
is to lower serum calcium, and this hormone is released 
rapidly in response to hypercalcemia. It inhibits osteoclastic 
bone resorption and quickly blocks the release of calcium 
and phosphate from bone. Ultimately, this effect, along with 
the inhibition of resorption, leads to a fall in serum calcium 
and phosphate [3]. The physiologic effect of calcitonin in 
humans, however, is very modest.

Hypercalcemia

The most common reason for the finding of hypercalcemia in 
an elderly patient, in the oupatient setting, is primary hyper-
parathyroidism (HPTH), while hypercalcemia in the inpatient 
population often is secondary to malignancies. Diagnosing the 
correct etiology requires careful clinical evaluation of patients, 
as well as serologic and biochemical testing (Table 35.1) [5].

After a thorough history and physical examination, 
laboratory measurements of fasting serum calcium, PTH, 
creatinine, and vitamin D levels should be performed to deter-
mine if the hypercalcemia is parathyroid-mediated (in which 
serum PTH levels are elevated inappropriately) or non-
parathyroid-mediated (in which serum PTH levels are sup-
pressed appropriately). Normally, functioning parathyroid cells 
abruptly cease PTH release when the surrounding extracellu-
lar fluid calcium concentration is elevated. Therefore, in cases 
in which hypercalcemia results from a non-parathyroid-
mediated condition, serum PTH levels will be suppressed [6].

Non-Parathyroid-Mediated Hypercalcemia

This category includes conditions in which patients have 
hypercalcemia and serum PTH levels that are suppressed 
appropriately; the parathyroid cells perceive excess extracel-
lular calcium concentrations, and markedly reduce their 
hormonal release. Cancer is the most frequently diagnosed 
etiology of non-PTH-mediated hypercalcemia, particularly 
in the hospitalized population. This malignancy-associated 
hypercalcemia is classified into two primary forms, oste-
olytic and humoral.

The second form of malignancy-associated hypercalce-
mia is local osteolytic hypercalcemia, which occurs when a 
neoplasm directly invades the bony skeleton, resulting in 
localized destruction and calcium release. In contrast to 
malignant humoral hypercalcemia, local osteolytic hypercal-
cemia does not involve the elaboration of systemically active 
products. Rather, it appears to result from the production or 
local stimulation of bone-active cytokines as well as other 
osteoclast-activating factors. This form of pathologic hyper-
calcemia is most commonly associated with multiple 
myeloma; however, it has also been linked to adenocarci-
noma of the breast and certain lymphomas [7].

Humoral hypercalcemia of malignancy results from the 
systemic effect of a circulating factor produced by the neoplasm. 
Most commonly, the factor involved is parathyroid hormone-
related protein (PTHrP), a peptide that has been shown to 
recapitulate most of the metabolic effects of PTH, including 
stimulation of bone turnover and alteration in renal handling of 
both calcium and phosphate [7]. In humans, PTHrP serves as 
an important paracrine factor in may tissues, including skin, 
bone, breast, the central nervous system, and the vasculature. 
Neoplasms that elaborate PTHrP include squamous cell carci-
nomas (naso- and oro-pharynx, larynx, lung, esophagus, and 
cervix), adenocarcinoma of the breast and ovary, bladder tran-
sitional cell carcinoma, T-cell lymphomas, renal cell carci-
noma, and carcinoid tumors. The other factor that may cause 
malignant humoral hypercalcemia is calcitriol, which is often 
associated with B-cell lymphomas [7, 8].

There are other benign, non-PTH-mediated causes of 
hypercalcemia encountered in the elderly. These include 
medications and supplements, such as thiazide diuretics 
and  excess exogenous calcium, vitamin D, or vitamin A. 
Granulomatous diseases, such as sarcoidosis and tuberculo-
sis, are associated with hypercalcemia through the direct 
production of calcitriol. In addition, several endocrinopathies 
are associated with hypercalcemia, including hyperthyroid-
ism with augmented bone turnover, pheochromocytoma with 
PTHrP production, and adrenal insufficiency linked with 
decreased calcium clearance. Rarely, hypercalcemia may 
result from prolonged immobilization, particularly in set-
tings in which bone turnover is already stimulated, such as 
recovery from fractures or surgery [3].

Table 35.1  Differential diagnosis of hypercalcemia

Parathyroid-mediated Non-parathyroid-mediated

Primary hyperparathyroidism
Parathyroid  

adenoma (85%)
Parathyroid  

hyperplasia (15%)
Parathyroid carcinoma (<1%)

Secondary/tertiary 
hyperparathyroidism

Familial hypocalciuric 
hypocalemia

Lithium therapy

Malignancy-associated hypercalcemia
Local osteolytic hypercalcemia
Humoral hypercalcemia of malig-

nancy (PTHrP and calcitriol)
Granulomatous disease (sarcoidosis 

and tuberculosis)
Endocrinopathies (hyperthyroidism 

and adrenal insufficiency)
Drugs (thiazides, vitamin D and 

calcium)
Immobilization

Source: Modified and reproduced from [1]
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Parathyroid-Mediated Hypercalcemia

The differential diagnosis of parathyroid-mediated hypercal-
cemia includes HPTH, familial hypocalciuric hypocalcemia 
(FHH), and lithium therapy. The remainder of this chapter will 
focus primarily on the forms and treatment strategies of HPTH. 
However, FHH and lithium therapy briefly are discussed below, 
as the differences between these diagnoses are important.

FHH, also known as benign familial hypercalcemia, is an 
inherited autosomal dominant condition resulting from a 
deactivating mutation in the extracellular CaSR [9]. In this 
condition, the cell surface receptor is sub-normally activated 
by extracellular calcium. In the face of mild elevation of 
serum calcium, PTH levels are inappropriately normal or 
slightly elevated. However, urinary calcium excretion is 
reduced, due to the same defective CaSRs in the nephron, 
with subsequent increased urinary calcium reabsorption. 
Although FHH is classified as parathyroid-mediated, since 
PTH secretion is abnormal, it is a unique condition and dis-
tinct from the more common primary HPTH. Generally, it is 
diagnosed in younger patients with asymptomatic, mild 
hypercalcemia. The family history usually identifies affected 
relatives. It does not require surgical intervention, as para-
thyroidectomy will not cure the condition.

Chronic lithium therapy may increase serum calcium lev-
els with inappropriately normal or mildly elevated PTH con-
centrations. Lithium appears to alter the sensitivity of the 
CaSR, thus increasing the set-point of extracellular calcium 
concentration. However, parathyroid adenomas and multig-
land hyperplasia have also been described in patients chroni-
cally treated with lithium [10]. Distinguishing those patients 
with drug-induced hypercalcemia from those with mild pri-
mary HPTH can be challenging.

Hyperparathyroidism

Hyperparathyroidism was first recognized during the 1920s 
and was thought to be a relatively uncommon condition, 
presenting usually as nephrolithiasis or as a complication 
of severe bony demineralization [5]. With the application of 
multiphasic blood testing revealing elevated serum calcium 
concentrations and the availability of accurate PTH determi-
nations, HPTH now is recognized to be a more common 
disorder, particularly in the elderly population.

Primary Hyperparathyroidism

Primary hyperparathyroidism is the most common form of 
HPTH and is the most frequent explanation for hypercalcemia 

in the outpatient setting. Population-based estimates reveal an 
overall incidence of approximately 25 per 100,000 in the gen-
eral population with about 50,000 new cases occurring 
annually. The peak incidence is in the fifth to sixth decade of 
life, with a female to male ratio of about 3:2. Some studies 
estimate the overall prevalence of HPTH in the elderly at 
2–3%, with approximately 200 cases/100,000 population [11].

The most common clinical presentation is that of asymp-
tomatic, or minimally symptomatic, mild hypercalcemia. 
Primary HPTH generally is caused by a benign, solitary 
parathyroid adenoma in 80–85% of patients. In about 5% of 
patients, two distinct adenomas (“double adenoma”) are 
found. Multigland parathyroid hyperplasia is present in 
15–20%. In younger patients, this may be associated with 
familial syndromes, such as multiple endocrine neoplasia 
(MEN) types I and IIA. Patients with MEN-I have enlarge-
ment and hyperfunction of all parathyroid glands, whereas 
patients with MEN-IIA may have asymmetric parathyroid 
gland enlargement. The rare hyperparathyroidism-jaw tumor 
syndrome is another autosomal dominant inherited condition 
presenting with early-onset primary HPTH and fibro-osseous, 
cystic jaw neoplasms [12, 13]. Index cases of MEN syn-
dromes are rare in the elderly patients, but certain mutations 
may manifest later in life, therefore in the appropriate clinical 
setting, MEN needs to be considered even in elderly patients.

Parathyroid carcinoma is a rare cause of primary HPTH, 
accounting for less than 1% of cases. In contrast to benign 
HPTH, it occurs equally in men and women. Patients with 
parathyroid carcinoma present most often in the fifth and 
sixth decades of life. Longstanding untreated primary HPTH 
may devolve into parathyroid carcinoma, which may then 
present in the elderly patients [14]. Although these tumors 
are slow-growing, they have a high propensity to recur 
locally, and recurrent disease is difficult to eradicate. Patients 
with recurrent and metastatic disease often suffer from 
severe, debilitating hypercalcemia, control of which may 
involve palliative surgical resection and the use of drugs, 
including bisphosphonates and calcimimetics, to lower the 
serum calcium level [15, 16].

Clinical and Diagnostic Evaluation

With the advent of routine serum calcium screening, the typ-
ical presentation of primary HPTH has changed from a 
severe, debilitating illness to a disease with subtle symptoms 
and physiologic derangements. Common signs include neph-
rolithiasis, nephrocalcinosis, osteopenia, and osteoporosis 
(Table  35.2) [17]. Hypertension is frequently present in 
patients with primary HPTH, and a variety of mechanisms 
have been proposed to explain this relationship. It appears to 
be most closely correlated with the degree of renal impair-
ment seen in patients with hypercalcemia. However, one 
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study found that parathyroidectomy led to a substantial fall 
in both systolic and diastolic pressures in 54% of hypertensive 
subjects that appeared to be unrelated to improvement in 
renal function [18]. Most endocrine specialists do not believe 
that curative surgery in primary HPTH is associated with a 
significant improvement in hypertension.

There are many subtle abnormalities associated with 
primary HPTH, including decreased cognitive function, 
depression, lethargy, myalgias, arthralgias, constipation, and 
urinary symptoms, such as increased thirst and urinary 
frequency. Petersen performed psychiatric examinations on 
54 patients with primary HPT and detected mental distur-
bances in more than 50% [19, 20]. However, it is often 
difficult to prove that these nonspecific findings result from 
primary HPTH because they are common in the elderly. In a 
general population cohort study of over 4,000 individuals, 
Schram et al. found that serum calcium levels that were at the 
upper range of normal or frankly elevated were associated 
with faster decline in cognitive function, particularly for 
patients over the age of 75 years [21].

The diagnosis of primary HPT typically is made by bio-
chemical evidence of an elevated serum calcium concentra-
tion, usually in conjunction with an elevated serum intact PTH. 
Approximately half of patients with primary HPTH have 
hypophosphatemia. However, in the presence of significant 
renal impairment, serum phosphate levels may be elevated. 
Because of the effect of PTH on bicarbonate excretion in the 
kidney, patients with primary HPTH often have a hyperchlor-
emic metabolic acidosis [13]. Approximately 10–40% of 
HPTH patients have elevated levels of alkaline phosphatase, 
which indicates some degree of increased bone turnover. 
Although osteitis fibrosa cystica, the classic form of parathy-
roid bone disease, is rarely seen today, even patients with mild 
disease can be seen to have biochemical or histologic evidence 
of bone involvement. Dual-energy X-ray absorption (DEXA) 
scanning of the lumbar spine, hip, and forearm has become the 
standard method for assessing bone density to diagnose osteo-
porosis in the setting of primary HPTH [22–24].

Patients with FHH must be distinguished from those with 
primary HPTH. This can be done with a 24-h urinary calcium 
excretion study, which is uniformly low in the setting of 
FHH. In contrast, patients with primary HPTH have a  
normal or elevated 24-h urinary excretion of calcium [9]. 
Postmenopausal women often have hypercalciuria for several 
years after the onset of menopause from estrogen decrease, 
therefore increased urinary calcium levels in this population 
may not always be due to hyperparathyroidism.

Although rare, parathyroid carcinoma should be suspected in 
patients who demonstrate a rapid and sustained rise in both their 
serum calcium and PTH levels. A palpable neck mass some-
times may be appreciated [25, 26]. A parathyroid adenoma is 
rarely, if ever, palpable on physical examination. Rather, this 
neck mass is more likely to represent a thyroid nodule.

There have been extensive discussions regarding the use 
and availability of preoperative imaging studies in patients 
with primary HPT. In the past, patients who had not under-
gone previous surgical exploration did not require any radio-
graphic localization studies other than finding an experienced 
parathyroid surgeon. However, the increased use of mini-
mally invasive parathyroidectomy techniques has mandated 
preoperative imaging.

Imaging studies can be sorted into noninvasive and inva-
sive techniques. The noninvasive studies include the follow-
ing: nuclear medicine scans, such as methoxyisobutylisonitrile 
(sestamibi) studies, which can be combined with single pho-
ton emission computed tomography (SPECT) imaging; 
ultrasound (Fig.  35.2); computed tomography (CT) scans; 
and magnetic resonance imaging (MRI). The noninvasive 

Table 35.2  Symptoms and associated conditions in patients with primary 
hyperparathyroidism

Symptoms
Weakness, exhaustion, and fatigue
Bone pain, back pain, and joint pain
Polyuria, nocturia, and polydipsia
Loss of appetite, nausea, and dyspepsia
Memory loss and depression

Associated conditions

Weight loss
Bone fracture, joint swelling, and gout
Nephrolithiasis, hematuria from passage of renal calculus
Gastric ulcer, duodenal ulcer, and pancreatitis
Hypertension

Figure 35.2  Parathyroid adenoma. Sagittal ultrasound shows a para-
thyroid adenoma (white arrows) behind the lower pole of the right 
thyroid lobe (black arrows).
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localization study of choice is a technetium (99mTc)-sestamibi 
scan with SPECT, which results in a three-dimensional 
reconstruction that can delineate the location of an enlarged 
parathyroid gland in 85% of cases (Fig. 35.3a, b).

Invasive techniques usually are reserved for re-operative 
cases, and include angiography and venous sampling for 
PTH gradients. Recently, the rapid PTH assay has been used 
in both the angiography suite as well as the operating room. 
It yields real-time feedback and has become invaluable in the 
development of minimally invasive techniques [27–29].

Most patients presenting with primary HPT are asymp-
tomatic, or mildly, chronically ill with vague symptoms 
referable to the kidneys or the musculoskeleton. However, 
patients may become acutely and severely ill with acute 
hypercalcemia, or hyperparathyroid crisis. This disorder 
often can be seen in elderly patients, nursing home residents, 
or patients with cognitive deficits, such as dementia. Such 
patients often harbor mild to moderate hyperparathyroidism 
for years, but an inciting factor will cause acute worsening of 
the hypercalcemia. The most common etiology is simple 
dehydration from poor health, overuse of diuretic medica-
tions, gastroenteritis or viral illness. The onset is usually 
characterized by rapidly developing muscular weakness, 

nausea and vomiting, weight loss, drowsiness, fatigue, and 
confusion. The serum calcium concentration almost always 
is remarkably elevated (16–20  mg/dL). The offending 
parathyroid gland is usually large. The genesis of the condi-
tion involves uncontrolled PTH secretion followed by 
hypercalcemia, polyuria, dehydration, and reduced renal 
function, which worsens the hypercalcemia [10].

The management of severe hypercalcemia incorporates four 
primary aims: to correct dehydration; to enhance renal excre-
tion of calcium; to inhibit bone resorption; and to treat the 
underlying disorder. Although the definitive therapy is resec-
tion of the hyperfunctioning parathyroid gland, it is unsafe to 
proceed with operative exploration until the serum calcium 
concentration is lowered. Resuscitation with 0.9% normal 
saline is instituted to maintain urinary output above 100 ml/h, 
and subsequent diuresis with loop diuretics increases the renal 
excretion of sodium and calcium. In the elderly patients, care 
must be taken to assess their cardiac function, so as to avoid 
overhydration and fluid overload. If  the serum calcium level 
remains elevated, other agents that can lower the serum cal-
cium concentration should be administered. These agents 
include bisphosphonates, calcitonin, and cinacalcet [10]. Often, 
multidisciplinary care is needed for these complex patients.

Figure 35.3  (a) Scintigraphic image from 99mTc-sestamibi depicting a 
left-sided parathyroid adenoma (arrow) in primary hyperparathyroid-
ism (b) Scintigraphic images from sestamibi single-photon-emission 

tomography of the same patient presented in (a) depicting multiple 
rotational tomographic planes. The posterior location of the parathyroid 
adenoma (arrow) is consistent with a superior parathyroid gland.
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Treatment

There has been considerable debate regarding the manage-
ment of elderly patients with primary hyperparathyroidism. 
There is universal agreement that patients with clear symp-
toms and signs associated with hyperparathyroidism should 
undergo parathyroid surgery because parathyroidectomy is 
the only long-term effective treatment. However, controversy 
still exists about the management of patients with “asymp-
tomatic” primary HPTH [30, 31]. Recent data suggest that 
these asymptomatic patients often have symptoms that are 
recognized in retrospect, once their HPTH has been cured. 
In  addition, asymptomatic patients may suffer from neu-
rocognitive deficits, depression, and anxiety, as well as pro-
gressive cardiovascular disease, and a suggestion of insulin 
resistance, which can result in premature death [32, 33].

In 1990 and 2002, the National Institutes of Health (NIH) 
convened consensus conferences to delineate the surgical indi-
cations in patients with both symptomatic and asymptomatic 
primary HPTH (Table 35.3) [34, 35]. In 2008, an international 
workshop on HPTH convened to review and update previous 
recommendations [36]. Guidelines also were created for the 
management of patients with asymptomatic primary HPTH 
who did not undergo surgery, including biannual serum cal-
cium and annual serum creatinine measurements, as well as 
annual bone density measurements [35]. It has been suggested, 
however, that the NIH criteria for parathyroidectomy in asymp-
tomatic patients are too limited and that all patients with pri-
mary HPTH should be referred for surgical therapy [37, 38].

There is no long-term effective pharmacologic treatment 
for primary HPTH. There are several pharmacologic agents 
that can transiently lower the serum calcium level (Table 35.4). 
These can limit further loss of bone by reducing the activa-
tion of new remodeling units in the skeleton. Estrogen 
replacement, salmon calcitonin, bisphosphonates, and more 
recently, calcimimetics (cinacalcet) have been used to treat 

primary HPTH in patients with complex comorbid medical 
conditions, either unwilling or considered unfit for surgery. 
In addition, glucocorticoids and calcimimetics can be 
employed during refractory hypercalcemia of metastatic 
parathyroid carcinoma [25, 27]. In the geriatric population, 
particularly in elderly postmenopausal women, it has been 
demonstrated that estrogen replacement therapy combined 
with either calcitriol or calcium supplements, appeared as 
effective as parathyroidectomy for the treatment of osteopo-
rosis in the setting of primary HPTH [39–41]. In addition, 
the combination of calcitriol and calcium may be effective in 
reducing systolic hypertension associated with HPTH 
[42,  43]. However, these therapies are not definitive; with 
adequate preoperative parathyroid localization, experienced 
parathyroid surgeons may employ minimally invasive tech-
niques with good outcomes in the elderly population [44].

Parathyroidectomy without preoperative localization 
studies has a high success rate (>95%) and a low complica-
tion rate. Complications associated with parathyroidectomy 

Table  35.3  Surgical indications in patients with primary hyper
parathyroidism

All symptomatic patients, including those with significant bone, renal, 
gastrointestinal, or neuromuscular symptoms typical of primary 
hyperparathyroidism

In otherwise asymptomatic patients:
Elevation of serum calcium by 1 mg/dl or more above the normal 

range (i.e., >11.5 mg/dl in most laboratories)
Marked elevation of 24-h urine calcium excretion (e.g., >400 mg)
Decreased creatinine clearance (e.g., reduced by >30% compared with 

age-matched normal person)
Significant reduction in bone density of more than 2.5 standard 

deviations below peak bone mass at any measured site (i.e., 
T-score <2.5)

Consistent follow-up is not possible or is undesirable because of 
coexisting medical conditions

Age younger than 50 years
Source: Modified from [30]. Copyright Elsevier (1994)

Table 35.4  Pharmacologic treatment for primary hyperparathyroidism

Pamidronate/bisphosphonates
Dosage
Adverse effects
Contraindications
Special points

60–90 mg as a single dose
Leukopenia, fever, and myalgia
Hypersensitivity
Onset 1–2 days with long half-life

Chronic oral sodium phosphates
Dosage
Adverse effects
Contraindications
Special points

1–3 g daily
Extraskeletal calcifications
Serum calcium > 12 mg/dl, serum
phosphorus > 3 mg/dl
Not indicated in acute 

hypercalcemia

Calcitonin
Dosage
Adverse effects
Contraindications
Special points

4–8 U/kg every 6–12 h
Nausea, glucose intolerance
Allergic reactions
Effective within 2 h; can be used 

to lower serum calcium while 
awaiting effect of 
bisphosphonates

Furosemide
Dosage
Adverse effects
Contraindications
Special points

20–40 mg up to three times daily
Electrolyte imbalance
Anuria, hepatic coma, and 

hypovolemia
Hydration is essential

Cinacalcet*
Dosage
Adverse effects
Contraindications
Special points

30–90 mg daily
Nausea, vomiting, diarrhea
Hypersensitivity, and 

hypocalcemia
*Off-label use in primary HPTH 

except parathyroid carcinoma
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include recurrent laryngeal nerve injury, transient or persistent 
hypocalcemia, postoperative hemorrhage, and pneumotho-
rax [45]. Despite this, the specific operative approach has 
continued to evolve through the influence of a number of 
synergistic factors, including improvements in preoperative 
localization studies as mentioned above, rapid intraoperative 
PTH measurements, and adjunctive surgical technologies 
such as hand-held gamma detection probes and small video-
scopic equipment. The net result has influenced patient selec-
tion so that the majority of parathyroid explorations are very 
well tolerated. However, difficult explorations remain diffi-
cult. Therefore, any surgeon performing parathyroidectomy 
must be facile and comfortable with standard four-gland 
parathyroid exploration. In fact, experienced parathyroid 
surgeons today achieve cure rates of up to 98% with both 
minimally invasive and conventional techniques [46].

The conventional technique for parathyroid exploration 
requires a bilateral cervical exploration. This operation is 
usually performed under general anesthesia, although it can 
be performed under bilateral regional superficial cervical 
block [47]. The goal is to identify all normal and abnormal 
parathyroid glands, thus distinguishing single-gland from 
multigland disease. Patients who have a single parathyroid 
adenoma undergo curative resection once the gland is 
removed. In the instance of multigland hyperplasia, a sub-
total parathyroidectomy (leaving a remnant of one well-
vascularized parathyroid gland in situ) is required. Total 
cervical parathyroidectomy with immediate heterotopic 
transplantation of parathyroid tissue is less desirable for 
patients with sporadic HPTH, but often is employed in the 
setting of familial HPTH, such as MEN-1.

The conventional approach has been challenged with 
increasing frequency in recent years, and minimally invasive 
parathyroid exploration is now performed routinely in sev-
eral institutions. Three techniques have emerged: image-
guided local exploration, most often in conjunction with 
intraoperative PTH assays; intraoperative gamma probe-
guided exploration after sestamibi injection; and, image-
guided video parathyroidectomy.

Image-guided local exploration has emerged as the most 
commonly employed minimally invasive technique. It is depen-
dent on high-quality preoperative imaging, usually in the form 
of sestamibi scans, ultrasound studies, or, less commonly, CT 
scans. This technique is appropriate even for patients who have 
had multiple previous explorations, as long as the preoperative 
imaging is adequate [48, 49]. When performed by an experi-
enced parathyroid surgeon well-versed in minimally invasive 
techniques, this surgical procedure can be performed on an out-
patient basis and can avoid the risks of bilateral neck explora-
tion and general anesthesia [50, 51]. This technique has become 
particularly more favorable for elderly patients with primary 
HPTH and additional comorbidities; these patients often are 
denied referral for parathyroidectomy because of the associ-
ated risks of general anesthesia and bilateral neck exploration. 

Studies have shown that minimally invasive parathyroidectomy 
can be performed safely and can facilitate clinical care in these 
high-risk patients [52, 53].

Gamma probe exploration involves preoperative adminis-
tration of 99 mTc-sestamibi to localize the abnormal parathy-
roid gland. The probe is then used in the operating room to 
find the area of increased radioactivity. In addition, the 
gamma probe can be used to measure radioactivity after 
tumor extraction to confirm the adequacy of resection. 
Although this technique has not gained widespread 
acceptance, the curative rates are comparable to the previ-
ously described technique [54].

Image-guided video parathyroidectomy has been employed 
by several investigators. Like the other minimally invasive 
techniques, preoperative imaging is required to locate the 
adenoma. The procedure usually requires general anesthesia 
with or without carbon dioxide insufflation to aid the dissec-
tion [55]. There may be very select patients in whom this 
technique is indicated. However, it is not a common proce-
dure in elderly patients, as it offers no additional benefits for 
this specific patient population. This technique has not 
assumed a dominant role in parathyroid surgery in the US.

Clinical Outcomes

In the hands of an experienced parathyroid surgeon, it has 
been demonstrated that patients who underwent either con-
ventional bilateral neck exploration or minimally invasive 
parathyroidectomy had equivalent cure rates. The rationale 
for parathyroidectomy is supported by evidence that in about 
80% of patients, the clinical manifestations of primary HPTH 
improve after successful parathyroidectomy. Thus, fatigue, 
weakness, polydipsia, polyuria, bone and joint pain, consti-
pation, nausea, and depression improve in most patients. 
This is also true for associated conditions – new renal stones 
usually stop forming, osteoporosis stabilizes or improves, 
pancreatitis becomes less likely, and peptic ulcer disease 
often resolves. In most patients, fracture risk and weakness 
also improve, and objective increase in muscular strength 
has been documented [56–60]. In addition, neurocognitive 
impairments, confusion, spatial learning deficits, and depres-
sion have been shown to improve after successful operative 
intervention. Patients can resume a regular diet with or with-
out calcium supplementation, and hypercalcemia is not a 
concern when these patients are hospitalized for other medi-
cal conditions [61–65].

However, there is a natural reluctance to subject elderly 
patients to an operation when the advantages are less clear. 
Advances in parathyroid imaging resulting in a greater use of 
targeted or focused parathyroidectomy has opened the way 
for the inclusion of less fit patients into the potentially oper-
able category. Chen et al. compared demographic and out-
come data of elderly patients (>70 years of age) to those of 
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younger patients (<70 years of age); and found that mental 
impairment, bone disease, and fatigue were more common in 
elderly patients, and nephrolithiasis was more frequent in 
younger patients. Elderly patients presented with more 
advanced disease, manifested by higher preoperative PTH 
levels. However, the cure rate, morbidity, and mortality in the 
elderly were indistinguishable from those of their younger 
cohorts [66]. Similarly, Bachar et al. found that there was no 
practical difference in perioperative management and surgical 
outcomes for patients over the age of 70 years, and concluded 
that surgeons should consider parathyroidectomy in primary 
HPTH patients regardless of age [67].

Several quality-of-life studies have been performed 
using standardized tools such as the SF-36 health survey 
in patients with primary HPTH, and have demonstrated 
that patients experience an improvement in health status 
and quality of life after operative correction [68, 69]. 
Furthermore, this benefit was independent of preoperative 
calcium levels [70]. Psychological distress, as measured 
by the General Health Questionnaire, has also been shown 
to be ameliorated by parathyroidectomy [71, 72]. The 
Parathyroid Assessment of Symptoms (PAS), a patient-
based outcome tool, was developed specifically for 
patients with primary HPTH. A multicenter study using 
this questionnaire indicated that PAS is a reliable measure 
of the symptoms associated with HPTH, and that these 
symptoms improve after parathyroidectomy [73].

Both classic and more subtle clinical manifestations of 
primary HPTH warrant medical evaluation and, in most 
patients, parathyroidectomy. This especially is true when 
parathyroidectomy is performed by an experienced parathy-
roid surgeon, with a success rate greater than 97% and a very 
low complication rate. Furthermore, with the advent of mini-
mally invasive techniques, these operations can often be 
done on an outpatient basis. Elderly patients are an especially 
vulnerable population, and should be referred to experienced 
parathyroid surgeons who have the knowledge, skill and 
available technology to perform these surgeries in minimally 
invasive fashion, with faster intraoperative times, less anes-
thetic requirements and low operative complications.

For patients with severe bone disease, often evidenced by 
markedly elevated preoperative blood alkaline phosphatase 
levels, subsequent “bone hunger” often necessitates postop-
erative treatment with calcium supplementation and calcit-
riol [56]. Normocalcemia generally is restored within the 
first 24 h after a successful parathyroidectomy, and this may 
be accompanied by mild paresthesia in the extremities. 
Symptoms may occur while the serum calcium level is within 
the normal range, reflecting the rapidity of change; however, 
this is usually transient and does not require treatment. 
Symptomatic hypocalcemia is more common in the elderly, 
in those with more severe preoperative HPTH, or in patients 
with evidence of high-turnover bone disease. Elderly patients 
may be magnesium deficient, and this may lead to a functional 

hypoparathyroidism, which can be corrected by magnesium 
supplementation. Restoration of normocalcemia can be 
achieved with calcitriol in combination with supplemental 
calcium. It is sufficient to maintain the serum calcium within 
the lower part of the reference range in order to control 
symptoms. This also provides a greater margin of safety 
from hypercalcemia, which may be a particular risk in elderly 
patients with renal impairment [74].

Another and perhaps more important reason for recom-
mending parathyroidectomy is that patients with primary 
HPTH appear to be at risk for premature death primarily 
because of cardiovascular disease and cancer, as documented 
by Palmer et al. and confirmed by Hedback et al. [75, 76] More 
importantly, the increased death rate, even in patients with 
mild primary HPTH, can be reversed by successful parathy-
roidectomy. Patients between the ages of 55 and 70 years seem 
to receive the greatest survival benefit.

Secondary and Tertiary Hyperparathyroidism

In contrast to the intrinsic feedback inhibition defect of primary 
HPTH, secondary HPTH is caused by chronic extrinsic 
overstimulation of otherwise normal parathyroid glands 
(Fig. 35.4a, b). Although it may result from malabsorption 
syndromes, celiac disease, or extreme dietary calcium or 
vitamin D deficiency, secondary HPTH occurs most com-
monly in the setting of chronic renal insufficiency associated 
with renal osteodystrophy. The stimulus for PTH hyperse-
cretion is a reduced extracellular calcium concentration and 
reduced endogenous calcitriol production that is associated 
with reduced renal function [77, 78].

Tertiary hyperparathyroidism refers to the development, 
in the setting of longstanding secondary HPTH, of autono-
mous hypersecretion despite correction of the underlying 
case of PTH stimulation. This may be suspected when an 
individual with documented secondary HPTH develops 
refractory hypercalcemia, or after renal transplantation in a 
previously dialysis-dependent patient [79].

The distinction between secondary and tertiary HPTH is 
not critical when considering surgical intervention because 
refractoriness to medical therapy in secondary HPTH is 
functionally equivalent to the intrinsically refractory auton-
omy seen in tertiary HPTH. The indications and rationale for 
surgical therapy are the same. Elderly patients with renal dis-
ease are prone to severe bone loss, and seem to benefit from 
parathyroidectomy [78].

Clinical and Diagnostic Evaluation

Patients with chronic renal failure (CRF) have considerable 
morbidity and mortality. Classic clinical manifestations of 
worsening secondary HPTH are related to osteodystrophy 
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(pain, deformities, and fractures), extraskeletal calcifica-
tions, and the skin (pruritus and calciphylaxis).

Changes in bone structure due to secondary HPTH are 
common and begin early in the course of CRF. Renal osteo-
dystrophy includes two major pathologies: osteitis fibrosa 
cystica and adynamic bone disease. In mixed osteodystrophy, 
features of both osteitis fibrosa and decreased mineralization 
coexist. The form and severity of the bone disease depend on the 
gender and age of the patient; the severity and duration of the 
CRF; metabolic acidosis; the characteristics of dialysis; cal-
citriol and PTH levels; dietary calcium and phosphate load; 
additional medications, particularly steroids; and associated 
endocrine diseases, such as diabetes mellitus. In addition, para-
thyroidectomy and renal transplantation can modify acutely the 
precarious balance of long-deranged mineral metabolism [80].

A disease of high bone turnover, osteitis fibrosa cystica is 
a consequence of elevated PTH secretion and is character-
ized by increased osteoclasts, osteoblasts, osteocytes, and 
fibroblasts. There is a correlation between the serum PTH 
level and the rate of bone turnover; and the probability of 
high-turnover bone disease increases with rising serum PTH 
concentrations. Serum PTH greater than 450 pg/ml is closely 
related to high-turnover bone disease in hemodialysis and 
peritoneal dialysis patients. It has become possible to sup-
press PTH secretion with the administration of calcium and 
vitamin D; therefore, the frequency of classic osteitis fibrosa 

and mixed forms is decreasing, while the frequency of 
adynamic bone disease is increasing [81].

In contrast to osteitis fibrosa, adynamic bone disease is 
associated with low levels of serum PTH. This disease is char-
acterized by unequal decreased numbers of both osteoclasts 
and osteoblasts, with a predominant deficiency of osteo-
blasts. Low bone formation rates lead to decreased bone 
mass [17, 81]. In the past, adynamic bone disease also was 
associated with high aluminum dialysis baths, but this has 
become less pronounced with modern dialysates.

There are three types of extraskeletal calcifications 
(systemic calcinosis): visceral, periarticular, and vascular. 
Visceral calcifications may involve the lungs, breast, myocar-
dium, mitral valve, kidneys, and skeletal muscle. Patients 
often have hyperphosphatemia, an elevated calcium-
phosphorus product, and increased PTH levels. Periarticular 
calcification or tumoral calcinosis results in calcific periarthri-
tis and small-joint effusions; radiographically, calcifications 
can be seen around the joint. Vascular calcifications of both 
large and small vessels occur in 20% of patients with CRF, 
and may cause falsely elevated blood pressure measurements. 
Parathyroidectomy rarely affects vascular calcification, but 
usually diminishes nonvascular calcium deposits [82, 83].

The skin manifestations associated with secondary HPTH 
include pruritus and calciphylaxis. Pruritus affects up to 85% 
of hemodialysis patients. Although dramatic improvement of 

Figure  35.4  (a) Scintigraphic image from 99mTc-sestamibi depicting 
four-parathyroid-gland activity (arrows) in tertiary hyperparathyroid-
ism. (b) Scintigraphic images from sestamibi single-photon-emission 

tomography of the same patient presented in Fig. 35.4a depicting mul-
tiple rotational tomographic planes. The right superior and inferior 
parathyroid glands (arrows) are visualized on sagittal view.
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pruritus has been observed after parathyroidectomy, PTH 
does not seem to be directly involved in its pathogenesis. 
Rather, abnormal serum levels of phosphate, calcium, and 
magnesium may cause pruritus [84].

Calciphylaxis, or calcific uremic arteriolopathy, a rare 
syndrome of disseminated calcification, is a severe compli-
cation of secondary HPTH, and results in soft tissue calcifi-
cation, vascular medial calcinosis, and arteriolar thrombosis 
leading to ischemic tissue necrosis. Patients present with 
painful, violaceous, mottled lesions that may progress to skin 
and subcutaneous tissue necrosis, nonhealing ulcers, and 
gangrene. Lesions are characteristically located in the hands 
and fingers, lower extremities, and occasionally lower 
abdomen. Patients usually have a high calcium-phosphate 
product, but not necessarily highly elevated PTH levels. 
The prognosis generally is poor, particularly in patients with 
truncal and proximal extremity lesions, with mortality 
approaching greater than 50%. When symptoms and signs of 
calciphylaxis are identified, the patient should be treated 
with phosphate binders and timely parathyroidectomy [85, 
86]. Necrotic skin ulcers should be treated with standard 
wound care, debridement, and avoidance of superinfection. 
For large, non-healing ulcers, hyperbaric oxygen therapy has 
been employed with mixed results. Sodium thiosulfate has 
been shown to produce clinical improvement of calciphy-
laxis lesions. Bisphosphonates have been shown to be effec-
tive in animal models of calciphylaxis, and the mechanism of 
action is believed to be due to inhibition of macrophages and 
local proinflammatory cytokines as well as binding to calcified 
vascular smooth muscle cells to inhibit further arterial calci-
fication. Cinacalcet is thought to decrease serum PTH levels 
and stabilize calcium and phosphate concentrations, and has 
been associated with improved pain control and ulcer healing. 
Calciphylaxis remains a poorly understood disease, as most 
of the data on these therapies consist of case reports [87].

Tertiary HPTH occurs most commonly following renal 
transplantation in a previously dialysis-dependent patient. 
Symptoms resemble those of primary HPTH and may include 
increased bone resorption, nephrolithiasis, and pancreatitis. 
Increased bone resorption is often exacerbated by preexist-
ing osteodystrophy, and steroid-induced osteopenia. Tertiary 
HPTH is the main cause of nephrolithiasis in transplanted 
kidneys, presenting as painless hematuria in the grafted den-
ervated kidney. Pancreatitis, which occurs in 2–6% of kidney 
transplant recipients, has a prevalence of 11% in those with 
hypercalcemia [88–90].

Treatment

The initial management of secondary and tertiary HPTH 
revolves around medical therapy with or without dialysis in 
order to maintain a stable mineral milieu. This therapy 

focuses on dietary phosphate restriction, vitamin D sterols, 
and calcimimetics [91].

Phosphate retention represents one of the major factors in 
the development of secondary HPTH. The first step to control 
serum phosphorus is to reduce phosphate intake. However, 
the extent of dietary phosphate restriction is limited by mal-
nutrition associated with inadequate protein intake and often, 
poor patient compliance. Thus, the use of phosphate binders 
is required in almost all patients, particularly those who are 
dialysis-dependent. Phosphate binders can be calcium-based, 
aluminum-based, or neither calcium- or aluminum-based; 
the choice is dependent on the patient’s calcium level [91].

After achieving the desired serum phosphorus levels with 
dietary restriction and the use of binders, secondary HPTH 
may often persist due to vitamin D deficiency. In this case, 
vitamin D should be substituted. Calcitriol is the most active 
metabolite of vitamin D; however, in the setting of CRF, 
there are potential adverse effects. Calcitriol promotes the 
intestinal absorption of calcium and phosphate, leading to 
hypercalcemia and hyperphosphatemia, with a subsequent 
rise in calcium-phosphate product, a known risk factor of 
mortality in CRF. In addition, oversuppression of PTH secre-
tion can lead to adynamic bone disease and may, in turn, 
further aggravate hypercalcemia and hyperphosphatemia. 
Therefore, vitamin D should not be administered until the 
serum phosphorus is under adequate control. Several vitamin 
D analogs have been developed that retain a suppressive 
action on PTH and parathyroid gland growth with concomi-
tantly less calcemic and phosphatemic activity. These include 
paricalcitol, doxercalciferol, and maxacalcitol [92].

The parathyroid CaSR regulates PTH secretion. In sec-
ondary HPTH there is underexpression of the CaSR, leading 
to partial loss of calcium-regulated PTH suppression. 
Calcimimetics allosterically modulate the CaSR, thereby 
sensitizing it to extracellular calcium ions. The reestablished 
calcium sensitivity leads to the suppression of PTH produc-
tion. In contrast to vitamin D sterols, which show an effect 
on PTH levels in hours or days by inhibition of PTH synthe-
sis, the modification of the CaSR and the resulting inhibition 
of PTH secretion leads to changes in serum PTH in minutes 
to a few hours. The advantage of calcimimetics, like cinacalcet 
hydrochloride, is the capacity to suppress PTH secretion 
with concomitant rise in serum calcium and phosphorus [93].

Parathyroidectomy is indicated when medical treatment 
fails to control progressive secondary HPTH. Clinical manifes-
tations include persistence or worsening of skeletal symptoms, 
pruritus, and extraskeletal calcifications. Elevated intact PTH 
levels and a proven high-turnover bone disease are prerequi-
sites for consideration of surgery. Calciphylaxis is an indica-
tion for immediate parathyroidectomy (Table 35.5) [86].

Indications for operative intervention in tertiary HPTH 
are similar to those of primary HPTH, namely, significant 
hypercalcemia, decline in creatinine clearance, nephrolithiasis, 
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acute pancreatitis, changes in mental status, or overt bone 
disease. Mild hypercalcemia alone does not appear to be a 
serious threat to the patient with a transplanted kidney, and 
its treatment remains controversial. However, impaired renal 
function in the presence of elevated PTH and hypercalcemia 
should be an indication for parathyroidectomy, especially in 
the elderly patients (Table 35.6) [88].

Preoperative preparation of dialysis patients includes con-
trol of hyperkalemia, hypomagnesemia, and hypervolemia 
with careful evaluation and treatment of hypertension and 
cardiovascular disease. Patients should receive oral calcitriol 
before surgery to avoid severe postoperative hypocalcemia. 
They should be dialyzed no longer than 1 day before para-
thyroidectomy and then again no later than 2 days after the 
operation. When parathyroidectomy is performed after kid-
ney transplantation, immunosuppressive medications do not 
have to be interrupted in the perioperative period. However, 
replacement glucocorticoid doses should be administered 
[86–88].

The two accepted operative procedures for the manage-
ment of secondary and tertiary HPTH are subtotal parathy-
roidectomy and total parathyroidectomy with immediate 
parathyroid autotransplantation [94]. The variability of the 
number of parathyroid glands is well known; in a report on 
519 patients undergoing total parathyroidectomy with para-
thyroid forearm autotransplantation, supernumerary glands 
were found in 14.5% of patients. The most frequent location 
of supernumerary glands (39%) was the thymic tongue [95, 

96]. Thus, transcervical thymectomy is performed routinely 
to decrease the risk of recurrent HPTH and to lower the rate 
of reoperations to the neck [97, 98].

Intraoperative PTH measurement is an established tool in 
determining the successful removal of parathyroid tissue in 
patients undergoing surgery for primary HPTH. Recent studies 
have provided evidence that intraoperative PTH monitoring 
also may be useful during surgery for secondary and tertiary 
HPTH. After subtotal or total parathyroidectomy, an appro-
priate and rapid decline of PTH levels is expected. A persis-
tent elevated PTH, however, can result from non-identified 
supernumerary glands, and further identification and removal 
of additional parathyroid glands are indicated [99, 100].

Clinical Outcomes

The overall clinical result is considered good in 70–85% of 
patients who undergo successful parathyroidectomy. In a few 
days, bone pain improves in 60–80%, malaise in 75%, and 
joint pain in 85% of patients. Muscle weakness is alleviated 
in one third of the patients with improvement of radiologic 
signs in 95%. Pruritus decreases overnight in almost all 
patients and disappears in 60–80% [101].

Successful parathyroidectomy improves nonvisceral 
calcifications in 50–60% of patients. However, it does not 
change arterial calcification despite reduction in the calcium-
phosphate product and PTH. Small peripheral arterial calci-
fication may progress or even develop in approximately 56% 
of patients after operative intervention [101].

Conclusion

Hypercalcemia is a common finding in the elderly popula-
tion. It appears to have widely encompassing effects on many 
aspects of geriatric health, from cognitive and psychiatric 
decline to diminished function of the cardiovascular, renal, 
bone, endocrine, and gastrointestinal systems. It may be 
associated with underlying malignancy, but concomitant 
intact PTH measurement usually is diagnostic. HPTH peaks 
in the fifth decade of life, but elderly patients are at increased 
risk to develop HPTH. Such patients should be evaluated 
carefully, and surgical interventions, when appropriate, 
should be undertaken by experienced parathyroid surgeons. 
With the advent of better imaging studies and minimally 
invasive operative techniques, elderly patients who may have 
been considered poor surgical candidates can now undergo 
safe and successful parathyroidectomy with improved health 
status, enhanced quality of life, and prolonged life expectancy.

Table  35.5  Indications for parathyroidectomy in secondary hyper
parathyroidism

Appropriate medical treatment and elevated PTH levels and high-
turnover bone disease with any of the following:

Bone pain that is disabling or dependent on continuous analgesic drugs
Pathologic fractures
Subperiosteal resorption documented on plain radiographic films
Hypercalcemia unresponsive to phosphate restriction and phosphate 

binding
Hyperphosphatemia unresponsive to phosphate restriction and binding
Severe pruritus
Extraskeletal nonvascular calcifications (systemic calcinosis)
Intractable anemia
Calciphylaxis

Table  35.6  Indications for parathyroidectomy after kidney trans
plantation

Subacute severe hypercalcemia
Persistent hypercalcemia and one of the following:
Deterioration of renal function
Nephrolithiasis
Progressive bone disease
Acute pancreatitis
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Introduction

Adrenal tumors are common, especially in older individuals. 
Numerous autopsy studies have examined the frequency of 
adrenal tumors, and in a review of 87,065 autopsies, adrenal 
lesions (>1  cm) were identified in 6% of patients [1]. 
Similarly, the prevalence of adrenal “incidentalomas” is 4% 
when detected by abdominal CT or magnetic resonance 

Case Study

An 88-year-old male with a known left parotid gland 
tumor underwent a positron emission tomography/com-
puted tomography (PET/CT) scan to rule out malignancy. 
The PET scan revealed uptake in the left retroperitoneal 
area, and the CT scan revealed a 4.0 × 3.0 cm mass of the 
left adrenal gland. The operation for his parotid gland 
tumor was postponed, and he underwent biochemical 
evaluation for endocrine hypersecretion. Twenty-four-
hour urine collection revealed elevated levels of epineph-
rine, norepinephrine, and vanillylmandelic acid (VMA). 
Plasma levels of free metanephrine and normetaneph-
rines were elevated, whereas serum cortisol, DHEA, 
potassium, calcitonin, plasma aldosterone concentration 
(PAC), renin activity (PRA), and 24-h urine collection of 
cortisol and aldosterone were all within normal limits. 
His past medical and surgical history are significant for a 
left parotid gland tumor, long-standing hypertension 
controlled with a b-blocker and an angiotensin-convert-
ing enzyme (ACE) inhibitor, atrial fibrillation, and benign 
prostatic hypertrophy (BPH). A recent echocardiogram 
revealed mild aortic stenosis and mitral valve prolapse 
with an ejection fraction of 55%. He had in the remote 
past undergone two intraabdominal operations: open 
cholecystectomy for acute cholecystitis and partial gast-
rectomy with vagotomy for a duodenal ulcer. His family 

history is negative for familial pheochromocytoma. 
He  denies any chest pain, shortness of breath, palpita-
tions, headache, pallor, diaphoresis, or any paroxysms 
(spells). The patient was started on a-blockade (doxazosin 
mesylate) and metyrosine and when adequately blocked 
underwent a laparoscopic left adrenalectomy. The opera-
tion was uneventful, although some adhesions were 
encountered from the prior gastrectomy. The patient 
remained hemodynamically stable during the operation 
but developed transient hypotension after ligation of 
the left adrenal vein. This was promptly controlled 
with volume expansion and intermittent norepinephrine 
by the dedicated pheochromocytoma anesthesia team. 
Postoperatively, the patient remained stable off antihyper-
tensive medications. However, after removal of the Foley 
catheter, he was unable to void due to urinary retention. 
He was started on tamsulosin for BPH, discharged home 
on postoperative day 3, and returned for outpatient 
removal of his Foley catheter. Histopathological analysis 
revealed a 4.0 × 3.2 × 3.0 cm left adrenal pheochromocy-
toma. All margins were negative. However, marked cellu-
lar atypia and focal capsular invasion was identified, 
suggesting an aggressive phenotype. A definite diagnosis 
of malignant pheochromocytoma could not be made in the 
absence of invasive or metastatic disease. There is no evi-
dence of recurrent disease based on biochemical and 
radiological surveillance for 3 years.

T. Carling (*) 
Department of Surgery, Yale University School of Medicine,  
New Haven, CT, USA 
e-mail: tobias.carling@yale.edu

Chapter 36
Adrenal Tumors in Older Persons

Tobias Carling and Robert Udelsman 



456 T. Carling and R. Udelsman

imaging (MRI). The incidence of adrenal tumors increases 
with age. For instance, the likelihood of detecting an unsus-
pected adrenal lesion on an abdominal CT scan in individu-
als between 20 and 29 years of age is only 0.2% versus 7% in 
individuals over 70 years of age [1, 2]. The majority of adre-
nal tumors are clinically nonfunctioning, benign adrenocorti-
cal adenomas and usually do not require surgical intervention. 
However, surgeons also may encounter elderly patients with 
functioning benign adrenal tumors (cortisol-, aldosterone-, 
and catecholamine-producing) as well as malignant adrenal 
tumors (adrenocortical carcinoma; ACC, malignant pheo-
chromocytoma, and metastasis to the adrenal). The manage-
ment principles of adrenal tumors in older patients are similar 
to those in their younger counterparts. However, the diagno-
sis as well as the management may provide unique challenges 
in the elderly that are exemplified in the above case presenta-
tion: (1) the symptoms of hormone excess may be absent, 
subtle, atypical, and/or masked by medications, (2) the bio-
chemical diagnosis of endocrine hypersecretion may be 
cumbersome due to drug interference, (3) the index of suspi-
cion may be too low for an alternative diagnosis to essential 
hypertension, (4) laparoscopic surgery may be more difficult 
due to previous open abdominal procedures, (5) unantici-
pated complications may occur (e.g., urinary retention).

Anatomy and Pathophysiology

Anatomy

The adrenals are paired flat glands with a triangular shape, 
each weighing about 5 g. The medulla is of ectodermal ori-
gin and is derived from the neural crest. It contains homoge-
neous sheets of cells organized into nests. Cells have large 
varied nuclei and abundant cytoplasm packed with numerous 
secretory granules containing catecholamines and other sub-
stances specific to chromaffin cells. The cortex is of meso-
dermal origin and is derived from the adrenogenital ridge. 
The cortex is organized into three layers, each with a differ-
ent function. The most superficial layer is the zona glomeru-
losa, responsible for aldosterone production. The middle 
zone is the zona fasciculata, containing radial columns of 
lipid-laden cells that primarily produce cortisol. The inner 
layer, zona reticularis, stores cholesterol for steroidogenesis 
and secretes sex hormones. The blood supply to the adrenal 
is threefold: via the superior adrenal arteries from the infe-
rior phrenic arteries, the middle adrenal from the aorta, and 
the inferior adrenal artery from the renal arteries. Blood 
passes from the cortex to the medulla, and the gland is 
drained by a typically single central vein emptying into the 
vena cava on the right and the renal vein on the left.

Physiology

Steroid end products secreted by the adrenal cortex are 
metabolites of cholesterol. The common pathway is conver-
sion of cholesterol to d5-pregnenolone and then progester-
one. In the zona glomerulosa, progesterone is converted 
through several steps to the mineralocorticoid aldosterone. 
In the other layers of the cortex, progesterone is converted 
first to 17-hydroxyprogesterone and then to either the 
17-hydroxysteroid cortisol or the 17-ketosteroid sex hor-
mones. Each day, the adrenal glands secrete 15–20  mg of 
cortisol, 25–30 mg of androgens, and 75–125 mg of aldoster-
one. The zona fasciculata and zona reticularis are responsible 
for glucocorticoid production. Secretion of cortisol is con-
trolled via the hypothalamic–pituitary–adrenal (HPA) axis. 
Hypothalamic corticotropin-releasing hormone (CRH) 
causes release of adrenocorticotrophic hormone (ACTH) 
from the anterior pituitary gland, which stimulates the adre-
nal cortex to release cortisol. As cortisol concentration 
achieves the physiologic range of 15–20 mg/dl, it exerts a 
negative feedback on both hypothalamus and anterior pitu-
itary secretion. ACTH has a plasma half-life of 25 min, and 
cortisol has a plasma half-life of 90 min [3]. ACTH and cor-
tisol production are constant over life in normal, unstressed 
individuals. Adrenal androgen release is regulated by ACTH, 
whereas gonadal release of testosterone and estrogen are 
under a separate pathway of pituitary gonadotrophic control. 
Androgen production peaks at puberty and progressively 
declines with advancing age. The mineralocorticoid aldos-
terone is produced in the outermost layer of the adrenal cor-
tex, the zona glomerulosa. Aldosterone secretion is primarily 
controlled through a renal pathway. Decreased arterial pres-
sure or decreased serum sodium concentration is sensed by 
the juxtaglomerular apparatus and the macula densa, respec-
tively. The result is production and release of renin, activat-
ing angiotensin I. Within the lung, angiotensin-converting 
enzyme (ACE) converts most of the angiotensin I to the 
angiotensin II. Circulating angiotensin II stimulates aldoster-
one secretion. To a lesser degree, aldosterone secretion is 
stimulated by direct effects of ACTH and elevated serum 
potassium. With aging, there is decreased production of 
aldosterone [4].

Stimulation of the adrenal medulla is via preganglionic 
sympathetic fibers, causing release of dopamine, norepineph-
rine, and epinephrine. Sympathetic neural outflow is increased 
by the fight-or-flight response, fear, emotional stress, upright 
posture, pain, cold, hypotension, hypoglycemia, and other 
stress. Norepinephrine exerts negative feedback at the 
preganglionic sympathetic receptors. With increasing age, 
there is no change in epinephrine levels, but norepinephrine 
and total plasma catecholamine are increased. However, this 
does not seem to be associated with hypertension in the 
elderly, which is probably due to an increased incidence and 
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severity of atherosclerosis. This change in the cardiovascular 
system may also be responsible for the attenuated response 
to sympathetic stimuli seen in the elderly [4].

Molecular Pathology

Although familial adrenal tumors tend to have an age of onset 
earlier than their sporadic counterparts, the molecular genet-
ics of such kindreds have contributed to the understanding of 
adrenal tumorigenesis (Table  36.1). Rare hereditary tumor 
syndromes predispose to adrenocortical tumor development. 
These include Li–Fraumeni’s syndrome, Beckwith–
Wiedemann syndrome, multiple endocrine neoplasia type 1 
(MEN1), and the Carney Complex [5]. Li–Fraumeni’s syn-
drome is a rare neoplasia syndrome caused by mutations of 
the tumor suppressor gene p53 that predispose patients to 
tumors of several origins (brain, breast, adrenal). Beckwith–
Wiedemann syndrome is characterized by increased secre-
tion of insulin-like growth factor 2 (IGF-2), resulting in 
hemihypertrophy, diabetes mellitus, and adrenocortical 
tumors in children. IGF-2 overproduction is mostly related to 
defects in genomic imprinting. Adrenocortical tumors arise 
in up to 40% of patients with MEN1. Mutations of the tumor 
suppressor gene MEN1 on chromosome 11q13 are responsi-
ble for the development of MEN1 [6]. Studies of sporadic 
adrenocortical tumors suggest distinct molecular signatures 
between adrenal adenomas and ACC [7, 8]. However, detailed 
understanding of the molecular pathway leading to hormone-
producing adrenal adenomas as well as ACC is lacking.

Pheochromocytomas occur either sporadically (80–90% 
of cases) or in four known familial syndromes – multiple 
endocrine neoplasia type 2 (MEN2), von Hippel–Lindau 

(VHL) disease, neurofibromatosis type 1 (NF 1), and 
succinate dehydrogenase (SDH) gene mutation [9]. The 
familial forms of pheochromocytoma are caused by the fol-
lowing genes: RET protooncogene, and the VHL, NF1, and 
SDH (B, C, and D) tumor suppressor genes, respectively. The 
age at presentation varies widely between the variants as well 
as between and within individual families. The underlying 
cause of sporadic pheochromocytoma is largely unknown, 
although genetic studies have identified several chromosomal 
loci with alterations in sporadic pheochromocytomas and 
abdominal paragangliomas. The most common chromosomal 
alteration is loss of the short arm of chromosome 1 [10].

Evaluation of the Adrenal Incidentaloma

In older persons, given the high and increasing prevalence of 
adrenal incidentalomas (defined as adrenal lesions >1  cm 
discovered serendipitously during radiological examination 
performed for reasons other than adrenal evaluation), a dis-
cussion about the management of such patients precedes the 
section about specific adrenal tumors. The overall goal is to 
identify patients who have functioning hormone-producing 
adrenal tumors (cortisol-, aldosterone-, or catecholamine-
producing), or malignant adrenal tumors (ACC, malignant 
pheochromocytoma, or metastasis to the adrenal) [11]. 
Although all aspects of the evaluation of patients with adre-
nal incidentaloma have not been prospectively validated, an 
algorithm based on current clinical experience and data is 
shown (Fig. 36.1). A detailed history and physical exam is 
always of utmost importance, focusing on the signs and 
symptoms suggestive of adrenal hyperfunction or malignant 
disease (Table 36.2).

Table 36.1  Familial adrenal tumor disorders, genetic characteristics, adrenal and common nonadrenal manifestation

Disorder
Responsible  
gene

Chromosomal 
location Adrenal manifestation Associated manifestations

MEN1 MEN1 11q13 Adrenocortical adenomas Tumors of the parathyroids, pituitary, 
endocrine pancreas

Li–Fraumeni p53 17p13.1 Adrenocortical carcinoma Sarcomas, breast cancer, brain tumors, 
leukemia

Beckwith–Wiedemann Genomic  
imprinting

11p15.5 Adrenocortical adenomas and 
carcinomas

Congenital abnormalities, multiple 
tumors

Carney Complex PRKAR1A 17q23-q24 Nodular, pigmented adrenal tumors Multiple tumors, pigmented lesions of 
the skin and mucosae

MEN2A&B RET 10q21 Pheochromocytoma, often bilateral Medullary thyroid cancer, HPT in 
MEN2A. Marfanoid habitus and 
neuromas in MEN2B

von Hippel–Lindau VHL 3p25-26 Pheochromocytoma CNS hemangioblastoma, renal cell 
carcinoma, and pancreatic tumors

Familial Paraganglioma SDH B&D 3q13-21, 11q23 Pheochromocytoma, paraganglioma Leiomyomas and renal cancer

NF 1 NF1 17q11.2 Pheochromocytoma Cafe-au-lait spots and fibromatous 
tumors, multiple tumors

MEN Multiple endocrine neoplasia; NF neurofibromatosis
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Clinically silent or overt pheochromocytoma occurs in 
5% of adrenal incidentalomas. Only about 50% of such 
patients have hypertension, but clinically silent pheochromo-
cytoma can be lethal [12]. The measurement of fractionated 
metanephrines and catecholamines in a 24-h urine specimen 
is recommended for all patients with adrenal incidentalomas 
(Table 36.2). The detection of elevated levels of fractionated 
metanephrines, catecholamines, or both has high sensitivity 
and specificity for pheochromocytoma (91–98%) [2]. The 
additional measurement of fractionated catecholamines in 
the 24-h urinary specimen increases the sensitivity of this 
approach by 5% and is especially helpful in diagnosing 
patients with dopamine-secreting neoplasms. In older indi-
viduals, the measurement of plasma-free metanephrines is 
less cumbersome than urine collections and has a higher sen-
sitivity for pheochromocytoma (96–100%) [9]. However, the 
specificity is lower, especially in those older than 60 years of 
age (77%) [2]. The imaging characteristics of the adrenal 
mass can also be highly suggestive (but not diagnostic) of 
pheochromocytoma (Table 36.3 and Fig. 36.2). The findings 
consistent with pheochromocytoma is increased attenuation 
on an unenhanced CT scan, prominent vascularity, often 

cystic changes, delayed clearance of contrast, and a high 
signal intensity on T2-weigthed MRI.

Clinical or subclinical (i.e., those lacking overt signs and 
symptoms of glucocorticoid excess) Cushing’s syndrome is 
initially best evaluated with an overnight dexamethasone 
(1 mg) suppression test [2, 11, 13]. Although the optimal cut-
off value is debated, the use of a cortisol level greater that 
5 mg/dl is regarded as a reasonable criterion for clinically sig-
nificant glucocorticoid secretory autonomy [11]. The specific-
ity of the test is 91%, and if the result is abnormal, confirmatory 
testing should be performed (see section “Cortisol-Producing 
Adrenocortical Adenomas”). Approximately 5.3% of all 
patients with an adrenal incidentaloma have autonomous 
hypersecretion of cortisol (i.e., independent of a normal HPA 
axis) [2]. However, other studies have identified subclinical 
Cushing’s syndrome in up to 20% of patients with incidenta-
loma [14–16].

At least 1% of adrenal incidentalomas have proven to be 
aldosterone-producing adenomas. Screening for hyperaldos-
teronism is routinely recommended for hypertensive patients 
who have an adrenal incidentaloma. Given that only a minor-
ity (9–37%) of patients with aldosterone-producing adenomas 

History & physical examination
Endocrine testing
•Plasma and urine (24 hour) measurements of metanephrines and catecholamines
•Overnight dexamethasone (1 mg) suppression test
•Serum-K+, plasma aldosterone concentration (PAC) and renin activity (PRA)

Positive

Confirmatory testing and
preoperative blockade if

needed

Size <4 cm

Imaging
phenotype

Adrenalectomy

Benign appearance
�<10 HU on unenhanced CT
�CT contrast washout >50%
in 10 minutes

Suspicious appearance
�>10 HU on unenhanced CT
�CT contrast washout <50%
in 10 minutes

Surveillance
�Repeat imaging at 6, 12 and 24 months
�Repeat endocrine testing annually for 4
years
�Adrenalectomy if interval growth> 1 cm,
size >4 cm, or functioning

Consider
�MRI and/or adrenalectomy
�Fine aspiration if adrenal metastasis is
suspected. In the appropriate setting,
resection of solitary metastasis after full
staging work up

Adrenalectomy

Size >4 cm

Negative

Figure 36.1  Algorithm for 
evaluation of an older person 
with an adrenal incidentaloma. 
The algorithm should be 
individualized according to 
clinical circumstances, the 
imaging phenotype of the mass, 
the patient’s age, comorbidities, 
and preferences.



45936  Adrenal Tumors in Older Persons

demonstrate hypokalemia, the measurement of potassium 
levels alone is not reliable in screening for hyperaldoster-
onism [2, 11, 17]. The most reasonable screening test, espe-
cially in older individuals, is the ratio of the ambulatory 
morning plasma aldosterone concentration (PAC) to plasma 
renin activity (PRA) (Table 36.2). If this ratio is high (³20), it 
is suggestive of hyperaldosteronism. However, the diagnosis 
of primary aldosteronism may need to be confirmed by an 
additional measurement of mineralocorticoid secretory 
autonomy (see section “Aldosterone-Producing Adrenocortical 
Adenomas”).

A critical aspect of the evaluation of an adrenal incidenta-
loma is the assessment of malignant potential, which is based 
on size of the lesion and imaging characteristics. Overall, 
ACC is found in 4.7% and metastatic disease in 2.5% of 

adrenal incidentalomas. For patients who have a nonfunc-
tioning mass, without a prior history of malignancy, the major 
determinant of whether to recommend surgical excision is 
the size of the lesion. Lesions smaller than 2 cm have an inci-
dence of malignancy of less than 1%, lesions between 2 and 
4 cm have an incidence of 3–5%, lesions between 4 and 6 cm 
have an incidence of 10–15%, and lesions over 6 cm have an 
incidence of 30–80%. The National Institutes of Health 
(NIH) state-of-the-science statement suggested that all lesions 
larger than 6 cm should have surgical excision and that those 
less than 4 cm may be observed with serial imaging, as out-
lined (Fig. 36.1). Some controversy exists whether all patients 
with lesions between 4 and 6 cm also should undergo adrena-
lectomy. The imaging characteristics may provide a guide in 
the management of these patients (Table 36.3). Additionally, 

Table 36.2  Symptoms and signs suggestive of adrenal hyperfunction or malignant disease, and suggested initial biochemical screening tests in 
older persons presenting with an adrenal incidentaloma

Disorder Symptoms Signs Screening test

Pheochromocytoma May be asymptomatic; Paroxysmal 
symptoms (spells) often extremely 
variable; may include palpitation, 
pallor, tremor, headache, and 
diaphoresis. Spells may be  
spontaneous or precipitated  
by postural change, anxiety, 
medications (e.g., metoclopramide, 
anesthetic agents), and maneuvers 
that increase intraabdominal 
pressure

Hypertension (paroxysmal  
or sustained), orthostatic  
hypotension, pallor,  
retinopathy, and fever

Plasma and urine (24 h collection) 
measurements of fractionated 
metanephrines and catecholamines. 
Imaging characteristics may be 
pathognomonic for 
pheochromocytoma

Cushing’s syndrome May be asymptomatic; symptoms  
may include weight gain with 
central obesity, facial rounding  
and plethora, supraclavicular  
and dorsocervical fat pads, easy 
bruising, thin skin, poor wound 
healing, purple striae, proximal 
muscle weakness, emotional  
and neurocognitive changes, 
opportunistic and fungal  
infections, acne, and hirsutism

Hypertension, osteopenia,  
osteoporosis, fasting  
hyperglycemia, diabetes mellitus, 
hypokalemia, hyperlipidemia, and 
leukocytosis

Overnight dexamethasone (1 mg) 
suppression test; serum cortisol  
>5 mg/dl is abnormal

Primary aldosteronism Often asymptomatic. If hypokalemia 
is present, nocturia, polyuria, 
muscle cramps, and palpitations

Hypertension, mild or severe; 
occasionally hypokalemia  
and hypernatremia

Plasma aldosterone concentration 
(PAC) and plasma renin activity 
(PRA) [1]. PAC/PRA ratio ³20 and 
a plasma aldosterone concentration 
of ³15 ng/dl are positive results [2]

ACC May include mass effect (e.g., 
abdominal pain) and symptoms 
related to adrenal hypersecretion  
of cortisol (Cushing’s syndrome), 
androgens (hirsutism, acne, 
amenorrhea or oligomenorrhea,  
oily skin, and increased libido), 
estrogens (gynecomastia), or 
aldosterone (hypokalemia-related 
symptoms)

Hypertension, osteopenia,  
osteoporosis, fasting  
hyperglycemia, diabetes mellitus, 
hypokalemia, hyperlipidemia, and 
leukocytosis

Dependent on symptoms and index  
of suspicion

Metastatic cancer History of extraadrenal cancer Cancer specific signs Dependent on history
ACC Adrenocortical carcinoma; (1) can be performed while the patient is receiving any antihypertensive drug except spironolactone, eplerenone, 
or high-dose amiloride; (2) may be laboratory-dependent
Source: Modified from Young [2]. Copyright © 2007 Massachusetts Medical Society. All rights reserved



Table 36.3  Imaging characteristics of adrenal tumors

Feature Adrenocortical adenoma Adrenocortical carcinoma Pheochromocytoma Metastasis

Size Small, usually <3 cm Large, usually >4 cm, often 
>10 cm

Medium, usually 3–9 cm Variable

Shape Round or oval, smooth 
margins

Irregular, unclear margins Round or oval, clear margins Oval or irregular, unclear 
margins

Texture Homogeneous Heterogeneous, mixed  
densities

Heterogeneous, cystic areas Heterogeneous, mixed 
densities

Laterality Usually solitary, unilateral Usually solitary, unilateral Usually solitary, unilateral Often bilateral

Unenhanced CT
Attenuation

<10 HU >10 HU (usually >25 HU) >10 HU (usually >25 HU) >10 HU (usually >25 HU)

Enhanced CT
Vascularity

Not vascular Usually vascular Usually vascular Usually vascular

Enhanced CT
Rapidity of  

contrast washout

Fast Slow Slow Slow

MRI – appearance on  
T2 weighted image

Isointense to liver Hyperintense to liver Markedly hyperintense to liver Hyperintense to liver

Necrosis, hemorrhage,  
or calcifications

Rare Common Hemorrhage or cystic areas 
common

Occasional hemorrhage or 
cystic areas

Growth rate (per year) Stable or slow (<1 cm) Rapid (>2 cm) Usually slow (0.5–1.0 cm) Variable
HU Hounsfield units
Adrenal hemorrhage, myelolipomas, and cystic neoplasms are usually easily characterized based on their distinctive imaging characteristics 
[35, 38]. The presence of pure fat within an adrenal lesion on CT is consistent with myelolipoma
Source: Modified from Young [2]. Copyright © 2007 Massachusetts Medical Society. All rights reserved

Figure  36.2  Representative image characteristics of older patients 
with adrenal tumors. (a) A 68-year-old female with a 4.9-cm right 
pheochromocytoma (arrow). T2-weighted image on MRI displays 
a  partly cystic lesion markedly hyperintense compared to the liver.  
(b) A 72-year-old male with a 1.2-cm left adrenal incidentaloma 
(arrow). The unenhanced CT scan shows a small, round, homogeneous 
mass with low attenuation. Biochemical evaluation was consistent with 
primary hyperaldosteronism, and pathology revealed an adrenocortical 

adenoma. (c) A 69-year-old female with adrenocortical carcinoma 
arising from the left adrenal (arrow). The unenhanced CT scan shows a 
large (15  cm), heterogeneous tumor with irregular, unclear margins. 
There are multiple areas with mixed densities and necrosis and calcifi-
cations. (d) A 65-year-old male with a large (18  cm) cystic lymp-
hangioma of the right adrenal gland. The unenhanced CT scan shows a 
heterogeneous cystic tumor but with regular smooth margins and a 
peripheral rim with calcifications.
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factors such as age and presence of comorbid conditions may 
make surgery and anesthesia somewhat riskier. However, the 
vast majority of these patients can undergo a laparoscopic 
adrenalectomy, which is typically well tolerated.

Functioning Tumors

Cortisol-Producing Adrenocortical Adenomas

Cushing’s syndrome is either ACTH-dependent (Cushing’s 
disease, due to a cortisol-producing pituitary tumor; ectopic 
Cushing’s syndrome, due to an ectopic ACTH-producing 
tumor) or ACTH-independent and adrenal in origin [18]. The 
signs and symptoms of Cushing’s syndrome are summarized 
in Table 36.2. The biochemical evaluation is stepwise to first 
diagnose Cushing’s syndrome and then to identify the origin 
of hypercortisolism (Fig. 36.3).

Patients with adrenal adenomas comprise 15–20% of all 
cases of Cushing’s syndrome, and adrenal adenomas are the 
most common cause of ACTH-independent hypercortisolism, 
approximately 50–72% [16]. In one series of 85  elderly 

patients, cortisol-secreting adenomas represented 37% of 
patients undergoing adrenalectomy for Cushing’s syndrome 
and 8% of patients undergoing adrenalectomy for any reason 
[19]. The female/male ratio for adrenal Cushing’s syndrome 
is as high as 9:1 [16], and the mean diameter of the adenomas 
is 3.9 cm [20]. However, the prevalence of cortisol-secreting 
adenomas may be higher than previously thought, and 
subclinical Cushing’s syndrome has been reported in 5–20% 
of adrenal incidentalomas [14, 15]. It is unclear what 
percentage of patients with subclinical Cushing’s syndrome 
will develop overt Cushing’s syndrome over time. Given 
the morbidity of long-standing hypercortisolism, an aggres-
sive surgical approach (unilateral adrenalectomy) has been 
advocated, but long-term health benefits remain to be 
clarified.

Prior to surgical intervention, careful radiological evalua-
tion with CT and/or MRI is of paramount importance, to dif-
ferentiate adrenal adenoma from ACC and bilateral adrenal 
hyperplasia. Bilateral adrenal hyperplasia may be ACTH-
dependent, whereas the remaining bilateral lesions are due to 
ACTH-independent macronodular adrenal hyperplasia 
(AIMAH) and primary pigmented nodular adrenocortical 
disease (PPNAD).

1 mg ON dexamethasone
suppression test

24-hour urine
free cortisol

Positive

High

Cushing’s
Syndrome

8 am ACTH levels and 8 mg ON
dexamethasone suppression test

ACTH–normal
to elevated
Cortisol suppression

Pituitary Hypercortisolism
(Cushing’s disease)
�MRI of pituitary
�Confirmatory testing with CRH
stimulation and petrosal sinus
sampling may be needed

Ectopic Hypercortisolism
�CT chest and abdomen

Adrenal Hypercortisolism
�CT of Adrenal

ACTH–normal to very high
No cortisol suppression

ACTH–undetectable to low
No cortisol suppression

No Cushing’s
Syndrome

Normal

Negative

Figure 36.3  Algorithm for 
evaluation of elderly with 
suspected hypercortisolism.  
ON overnight; ACTH  
adrenocorticotrophic hormone; 
CRH corticotropin-releasing 
hormone.
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The treatment of cortisol-producing adrenocortical ade-
nomas is unilateral adrenalectomy, which can be performed 
laparoscopically, regardless of age, in the vast majority of 
cases [21]. Possible contraindications to the laparoscopic 
approach are a large tumor, suspicion of adrenocortical carci-
noma, or the need for concurrent intraabdominal procedures. 
Tumor characteristics, not age, should determine the approach. 
Patients with hypercortisolism are at risk for increased 
morbidity and mortality due to thromboembolism, suppres-
sion of immune function, and delayed wound healing.

Elderly patients should not be excluded from surgery 
based on age alone, but the increased prevalence of associ-
ated medical problems during advanced age is associated 
with increased perioperative morbidity. In the rare cases of 
bilateral adenomas, AIMAH or PPNAD, bilateral adrenalec-
tomy may be necessary [16]. Cortical-sparing bilateral 
adrenalectomy, when feasible, is attractive to preserve endog-
enous cortisol production in such patients [16]. For patients 
who have undergone unilateral adrenalectomy, replacement 
doses of glucocorticoids are given and tapered over time 
until return of function of the HPA axis is documented. The 
process, both physiologic and morphologic, may take weeks 
to months or beyond to complete.

Medical therapy for hypercortisolism, which include vari-
ous steroidogenesis inhibitors, is limited to instances when 
surgery is not an option, or to briefly optimize a patient prior 
to definite surgical therapy [22].

Aldosterone-Producing Adrenocortical 
Adenomas

Conn’s syndrome is due to excessive secretion of aldoster-
one, resulting in the signs and symptoms summarized in 
Table  36.2. Although it is a rare cause of hypertension 
(0.5–1.0%), in a series of elderly patients, an aldosterone-
producing adrenocortical adenoma was the indication for 
20% of adrenal resections (Table 36.4). As stated, all patients 
with an adrenal incidentaloma and hypertension should be 
screened for hyperaldosteronism, which is best performed 
with measurement of plasma aldosterone concentration (PAC) 
and plasma renin activity (PRA). A ratio of PAC/PRA ³ 20 
and a plasma aldosterone concentration of ³15 ng/dl are con-
sistent with the diagnosis. This test can be performed while 
the patient is receiving any antihypertensive drug except 
spironolactone, eplerenone, or high-dose amiloride. 
Hypokalemia is only present in 50% of patients with an 
aldosterone-producing adrenocortical tumor. Occasionally, 
confirmatory biochemical evaluation is needed with aldoster-
one suppression testing with either a saline infusion test or 
24-h urinary aldosterone excretion test while the patient 
maintains a high-sodium diet [2]. Aldosterone-secreting 

adrenal adenomas account for 65–70% of primary aldoster-
onism, whereas the remaining is due to bilateral adrenal 
hyperplasia (BAH) and other rare causes.

Prior to surgical intervention, careful radiological evalua-
tion with an adrenal CT is of paramount importance. 
Lateralization of the source of the excessive aldosterone 
secretion is critical to guide the management of primary 
aldosteronism. Distinguishing between unilateral and bilat-
eral disease is important because unilateral adrenalectomy in 
patients with aldosterone-producing adenomas or unilateral 
adrenal hyperplasia results in normalization of hypokalemia; 
hypertension is improved in 100% and cured in 30–60% 
[17]. In BAH, unilateral or bilateral adrenalectomy seldom 
corrects the hypertension, and medical therapy is the treat-
ment of choice. If the findings are unequivocal on CT, show-
ing a >1 cm unilateral, attenuating lesion with a contralateral 
normal adrenal gland, no further evaluation is needed. 
However, if no tumor is found, or the tumor is less than 1 cm, 
or there are bilateral adrenal masses, further evaluation with 
adrenal venous sampling (AVS) for measurements of aldos-
terone and cortisol concentrations is warranted (Fig. 36.4). 
A ratio of aldosterone/cortisol fourfold greater than the con-
tralateral side is indicative of a unilateral aldosterone-pro-
ducing tumor, with a sensitivity of 95% and specificity of 
100%. AVS is not a simple procedure and requires an expe-
rienced radiologist, especially with regard to catheterization 
of the short right adrenal vein.

Patients at all ages, with an acceptable operative risk and 
a lateralizing tumor (either by imaging and/or AVS), are can-
didates for adrenalectomy. Since the vast majority (>98%) of 
aldosterone-producing adenomas are small and benign, vir-
tually all cases can be performed via a laparoscopic approach. 
As compared with open adrenalectomy, laparoscopic adrena-
lectomy is associated with shorter hospital stays and fewer 
complications. Hypertension is cured (defined as blood pres-
sure <140/90  mmHg without the aid of antihypertensive 
drugs) in about 50% (range, 35–60%) of patients after unilat-
eral adrenalectomy, with a cure rate as high as 56–77% when 
the cure threshold was blood pressure less than 160/95 mmHg 
[17]. Factors associated with resolution of hypertension 

Table 36.4  Comparison of indications for adrenalectomy in all versus 
elderly patients

Diagnosis % All patients % >65 years of age

Pheochromocytoma 22–43 19
Adrenocortical carcinoma 18   8
Cushing’s syndrome 17–18 22
Nonsecreting adenoma 16–18 31
Hyperaldosteronism 11–19 20
Virilizing/feminizing tumor   6 <1
Myelolipoma   4 <1
Cyst   2–5 <1
Metastasis   1 <1
Source: Data from refs. [19, 21, 47, 48]
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include preoperative use of two or fewer antihypertensive 
drugs, duration of hypertension less than 5 years, higher PAC 
to PRA ratio preoperatively, higher urinary aldosterone 
secretion, or positive preoperative response to spironolac-
tone [17, 23, 24]. Advanced age and longer duration of 
hypertension have been suggested in some studies to be asso-
ciated with a lower cure rate [17]

Medical management with spironolactone or amiloride is 
recommended for patients who do not undergo surgery [17]. 
Significant improvement can be achieved, but additional 
antihypertensive medications are needed in about 83% of 
cases. In the long term, adrenalectomy is more cost-effective 
than lifelong medical therapy [24].

Sex-Steroid Producing Adrenal Tumors

Androgen-secreting adrenal adenomas are rare. Virilization 
or feminization in the setting of an adrenal mass is most likely 
due to an adrenocortical carcinoma, especially in the elderly 
[25]. Androgens secreted by the adrenal cortex are dehydroe-
piandrosterone (DHEA) and androstenedione. They exert a 
direct effect and can also serve as precursors for testosterone 
and estrogen. Men can exhibit feminization, and women can 
experience hirsutism or virilization. Biochemical screening is 
performed when clinical signs are present. Signs of sex ste-
roid excess are investigated in all such patients by measuring 
urinary 17-OH-progesterone. Urinary testosterone should be 

measured in women with virilization, as cases have been 
reported where testosterone but not 17-OH-progesterone was 
elevated. Estrogens are measured in men with feminization, 
as some patients with sex steroid-secreting adrenocortical 
carcinoma have had normal 17-OH-progesterone but elevated 
estrogens. When a tumor secreting androgens is detected, 
treatment is unilateral adrenalectomy, taking care to perform 
an adequate resection should the tumor prove to be a carci-
noma (see section “Adrenocortical Carcinoma”).

Adrenocortical Carcinoma

Adrenocortical carcinomas (ACC) are rare, with a yearly 
incidence of about 500 new cases in the United States, or 
about 0.5–2.0 cases per million inhabitants. Age at diagnosis 
ranges from 0 to 70 years (mean 46 years), and there is a 
bimodal distribution with peaks during the first and fifth 
decades. However, older persons do present with ACC and 
there is an increased incidence in the elderly of hormonally 
inactive tumors. The prevalence of ACC in cohorts of patients 
undergoing adrenalectomy is 8% in patients ³64 years, 13% 
in those with incidentally diagnosed adrenal masses, and 
18% in unselected patients. These findings are consistent 
with the Yale experience between 1997 and 2007, when 8.3% 
of patients operated on for ACC where above the age of 
65 years (unpublished data). ACC is slightly more common 
in women, and tend to more often be hormonally active. 

Adrenal CT

Unequivocal findings Equivocal findings

Ambiguous

Adrenal venous sampling
Lateralized

�Unilateral tumor
�>1 cm
�Normal contralateral adrenal gland
�Features as outlined in Table 22.3

�No tumor found
�Unilateral tumor <1 cm
�Bilateral adrenal masses

Laparoscopic unilateral
adrenalectomy

Medical therapy
(spironlactone)

Figure 36.4  Algorithm for 
evaluation of an older patient 
with confirmed primary 
hyperaldosteronism.
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The vast majority of patients present with stage III or IV and 
the overall prognosis is poor with a 5-year survival varying 
between 20 and 45% (Table 36.5) [25].

Earlier studies reported that about 50% of tumors were 
functional, but more recent series have noted hormone secre-
tion in up to 79% of cases, most likely due to improvements 
in assay sensitivity [26]. Often, ACC may secrete multiple 
hormones and may change secretion according to size, growth 
rate, and differentiation. The biochemical workup depends 
on signs and symptoms of hormone excess (Table 36.2) and 
should also include DHEA-S, 17-OH-progesterone, andros-
tenedione, testosterone, and 17b-estradiol (only in men and 
postmenopausal women) [27].

ACC tend to be large with imaging characteristics as out-
lined in Table  36.3 and exemplified in Fig.  36.2c. Local 
extension is present in 65% and metastasis in 25% of patients 
at diagnosis. Common sites of metastasis are lymph nodes, 
lung, liver, and bone; therefore, preoperative evaluation 
should include CT of the abdomen and chest. MRI and PET 
scan can be used to further establish the diagnosis preopera-
tively, as well as to identify metastatic disease. Fine needle 
aspiration is not helpful since it will not distinguish between 
a benign and malignant adrenocortical tumor [11].

The treatment of choice and the only chance for cure 
for  ACC is complete surgical extirpation of the tumor 
and adrenal gland, en-bloc resection of invaded organs, and if 
necessary, periaortic/retroperitoneal lymphadenectomy. 
Noncurative surgical debulking is performed in approximately 
20% of the cases, to ameliorate symptoms of endocrine hyper-
activity. An open abdominal approach is advocated for ACC, 
to avoid tumor spillage, capsule rupture and to ensure ade-
quate retroperitoneal resection and lymphadenectomy. Some 
authors suggest that a laparoscopic adrenalectomy can be 
considered for tumors that have no evidence of local invasion, 
extensive lymphadenopathy, or distant metastasis on preop-
erative imaging, thus ensuring clean resection margins, and 
are not too large to risk tumor spillage from manipulation. In 
patients with an aggressive surgical approach, the mean dis-
ease-free survival interval ranges from 12 to 22 months, 
although long-term survivors exist. Even in patients who 
underwent curative resection, up to 80% of patients devel-
oped locoregional recurrence or distant metastases [28].

Nonoperative management includes cytoreductive 
therapy with transarterial embolizations and radiofrequency 
ablation (RFA), which may ameliorate symptoms of endo-
crine hyperactivity [25]. The chemotherapeutic agent most 
commonly used in ACC is mitotane, which may also be used 
in the adjuvant setting [29]. The overall response rate has 
been reported to be between 14 and 36%, but most studies 
have shown no significant survival benefit [25, 29].

Pheochromocytoma and Abdominal 
Paraganglioma

Pheochromocytomas are rare catecholamine-producing 
tumors that derive from adrenomedullary tissue in about 
80% of cases and from extraadrenal chromaffin tissue in 
about 20% of cases [30]. Pheochromocytomas arising in 
extraadrenal tissue are commonly called paragangliomas 
or (if in the region of the carotid body or aortic arch) chemo-
dectomas. Regardless of location, pheochromocytomas share 
similar histopathological characteristics [9]. Pheochro
mocytomas can cause hypertension via exceptionally high 
circulating catecholamine levels, accounting for approxi-
mately 0.05–0.1% of cases of sustained hypertension. 
However, about 50% of patients with a pheochromocytoma 
have episodic or no hypertension [9]. The signs and symp-
toms associated with pheochromocytoma are summarized in 
Table 36.2. It has been estimated that in the United States, 
approximately 40,000 people have pheochromocytoma, with 
newly diagnosed pheochromocytoma averaging 800–1,600 
cases per year in the general population [9]. Although the 
peak incidence occurs during the age of 30–50 years, older 
patients develop pheochromocytoma and may be asymptom-
atic or present with atypical symptoms, which may partly be 
masked by common medications such as b-blockers.

Measurement of plasma or urinary catecholamines and 
their metabolites, as well as serum chromogranin A, is the 
foundation of the biochemical diagnosis of pheochromocy-
toma. Urinary analysis of catecholamines and metanephrines 
should be performed in a 24-h urine sample collected in 6 M 
HCl, whereas plasma is collected in a fasting patient. Urinary 
metanephrine is the most specific diagnostic assay, whereas 
measurement of chromogranin A and plasma or urinary 
metanephrines are the most sensitive [31]. Measurement of 
urinary vanillylmandelic acid (VMA) has a false-negative 
rate of 41% in documenting catecholamine excess. In older 
individuals, the measurement of plasma-free metanephrines 
is less cumbersome than urine collections and has a higher 
sensitivity for pheochromocytoma (96–100%) [9]. However, 
the specificity is lower, especially in those older than 60 
years (77%) [2].

The imaging characteristics of pheochromocytomas are 
summarized in Table 36.3 and exemplified in Fig. 36.2a. CT 

Table 36.5  Staging system for adrenocortical carcinoma (ACC), and 
percentage at diagnosis

Stage TNM (%) At diagnosis

I T1 (Tumor £ 5 cm), N0, M0 2.9
II T2 (Tumor > 5 cm), N0, M0 28.3
III T3 (Tumor any size, local invasion),  

N0, M0 or T2, N1 (positive, mobile 
regional lymph node), M0

23.4

IV T4 (Tumor any size, gross invasion of 
adjacent structures) orN2 (positive,  
fixed lymph node), or M1

45.4

Source: Data from Fraker [25]



46536  Adrenal Tumors in Older Persons

and/or MRI is sufficient in the vast majority of patients, but 
131I-metaiodobenzylguanidine scintigraphic scanning and 
PET scan may be useful, especially if there is a suspicion of 
bilateral, extraadrenal and/or malignant pheochromocytoma. 
PET imaging using 6-[18F]-fluorodopamine, [18F]-dihydroxy
phenylalanine, [11C]-hydroxyephedrine, or [11C]-epinephrine 
are very promising, new, specific radionuclide localization 
techniques for pheochromocytoma [9]. Familial pheochro-
mocytoma has increasingly been diagnosed due to advances 
in molecular and clinical genetics and likely represents a 
higher proportion than the classically quoted 10%. They tend 
to present at a younger age and more often with bilateral or 
extraadrenal lesions. Malignant pheochromocytoma occurs 
in 10–20% of cases and is three times as common in women. 
Extraadrenal lesions are two to three times likely to be malig-
nant. Malignancy is proven by invasion of adjacent struc-
tures, nodal involvement, or metastasis. Sites of metastasis 
are bone, liver, lymph nodes, lungs, and brain. Histological 
differentiation between benign and malignant primary tumors 
remains unreliable.

Once a diagnosis of pheochromocytoma has been made, 
preoperative (1–2 weeks before surgery depending on 
response and level of catecholamine excess) a-blockade 
needs to be started. In older patients with significant cardio-
vascular comorbidities, this treatment may need to be per-
formed in the inpatient setting [32]. There exist wide-ranging 
practices, international differences in available or approved 
therapies, and a scarcity of evidence-based studies compar-
ing different therapies [32]. The overall principle, however, 
includes a-blockade for 1–2 weeks prior to surgery, with 
fluid replacement, and the addition of b-blockade if tachy-
cardia is present. Metyrosine (Demser) is an analog of 
tyrosine that competitively inhibits tyrosine hydroxylase. 
Calcium channel blockers are also often used successfully 
either alone or as an adjunct. Phenoxybenzamine 
(Dibenzyline; irreversible, noncompetitive, a-adrenoceptor 
blocker) is most commonly used for preoperative blockade 
and is initially dosed at 10 mg twice a day with increments of 
10–20 mg every 2–3 days [32].

The majority of pheochromocytomas and abdominal 
paragangliomas can be resected via a laparoscopic approach 
[33]. However, open exploration should be considered in 
cases of large tumors, known or suspected malignant disease, 
difficult-to-access periaortic paragangliomas, and when a 
pheochromocytoma has ruptured preoperatively. The key to 
safe surgery is effective preoperative blood pressure control, 
rigid intraoperative pressure management, and clear commu-
nication between surgeon and anesthesiologist. Elderly 
patients and patients with existing ischemic or congestive 
heart disease may require more meticulously regimented 
fluid administration, and a pulmonary artery catheter may be 
used to guide therapy. Recurrent and metastatic pheochro-
mocytoma may be treated with surgical debulking and/or 
RFA or possibly [131I]metaiodobenzylguanidine [34].

Nonfunctioning Tumors

Benign Adrenocortical Adenoma  
and Myelolipoma

Adrenal myelolipoma and nonfunctioning adrenocortical 
adeonomas are the most common nonfunctioning tumors of 
the adrenal gland. The incidence increases with age, and as 
stated, adrenal lesions (>1 cm) are identified in 6% of autopsy 
studies [1]. The imaging characteristics of adrenocortical 
adeonomas are summarized in Table 36.3, and the presence 
of pure fat within an adrenal lesion on CT is consistent with 
myelolipoma [35]. The workup of these lesions follow those 
of adrenal incidentaloma (see section “Evaluation of the 
Adrenal Incidentaloma”).

Rare Adrenal Masses

A number of adrenal masses may be incidentally detected, 
and the differential diagnosis may include adrenolipoma, 
amyloidosis, ganglioneuroma, granuloma, hamartoma, 
hematoma, hemangioma, leiomyoma lipoma, neurofibroma, 
adrenal pseudocyst, lymphoma, and teratoma [36, 37]. 
Although rare in the United States, various infectious pro-
cesses may cause an adrenal mass. These include fungal, 
tuberculosis, echinococcosis, and cryptococcosis [37]. 
Adrenal cysts can be infectious, lymphangiomatous, or 
angiomatous endothelial, cystic degenerative adenomas or 
embryonal retention cysts. Sometimes, the imaging charac-
teristics of these particular lesions are suggestive [38, 39], as 
exemplified in Fig. 36.2d. Surgical resection may be needed 
due to mass effect or to prevent rupture, hemorrhage, or 
infection. Additionally, when malignancy cannot be excluded 
based on imaging, surgical resection is warranted. Again, the 
role for adrenal fine needle aspiration is limited to distin-
guishing adrenal tissue from metastatic tissue and less com-
monly infection.

Adrenal Metastasis

Metastasis to the adrenal gland occurs, with the most 
common sources being lung, breast, colon, kidney, and mel-
anoma [40]. The imaging characteristics are variable as 
summarized in Table  36.2. Adrenal metastases are often 
bilateral. In select patients with isolated adrenal metastasis, 
after careful staging, improved survival for patients who 
underwent resection has been found in various tumor types 
[41–43]. If the patient elects to undergo resection, meta-
static disease to the adrenal gland should be resected in any 
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way that can give the most oncologic benefit to the patient. 
A laparoscopic approach may be used as long as oncologic 
principles are adhered to [42].

Surgical Management and Technique

Laparoscopic adrenalectomy has become the standard of 
care for the vast majority of adrenal masses. The benefits of 
minimally invasive techniques for the removal of the adrenal 
gland include decreased requirements for analgesics, 
improved patient satisfaction, and shorter hospital stay and 
recovery time when compared to open surgery [44]. The 
relative contraindications are size and malignancy, when 
there is a concern about adhering to oncologic principles. 
A variant of the minimally invasive approach is posterior ret-
roperitoneoscopic adrenalectomy, which is especially useful 
in patients with previous open abdominal operations [45, 46]. 
Open adrenalectomy can be performed via a transperitoneal, 
retroperitoneal, or thoracoabdominal approach.
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Physiologic Changes in the Breast

Familiarity with breast microanatomy and physiology aids in 
understanding benign breast physiology. The female breast 
is composed of ductal and lobular units. The main breast 
ducts arise from lactiferous sinuses in the nipple and divide 
several times to form small ducts and then the smallest ductal 
elements, or “ductules,” which in fact form the lobular unit 
of the breast. The ductules also divide and terminate blindly 
with club-shaped endings. The ductules are sensitive to hor-
mone stimulation; during pregnancy, they proliferate and 
form the alveolar components of the breast [1].

Ductal and lobular units of female breasts can be seen as 
early as during the neonatal period. Maternal estrogen, pro-
gesterone, mammotrophic peptides including prolactin, and 
human placental lactogen promote growth and development 
of fetal breasts. During the neonatal period, the ductal sys-
tem shows evidence of secretory epithelium and surrounding 
myoepithelial cells, although these findings involute and a 
latent phase starts from childhood to puberty [2].

During puberty, hypothalamic synthesis of gonadotropin-
releasing hormone (GnRH) begins. This hormone stimulates 
the release of follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) from the pituitary gland. The FSH 
then stimulates the ovaries, and estradiol synthesis begins. 
During the first few years of puberty, anovulatory cycles are 
common. Because of this, estradiol is the primary stimulant 
of the breast during this period. It promotes the elongation 
and branching of the ductal system and increases the volume 
of the breasts with fat deposition. When the luteal phase 
begins, progesterone stimulates dilatation of the ductal sys-
tem and differentiates the alveolar cells to secretory cells.

The most dramatic alterations in the anatomy and 
physiology of the breast occur during pregnancy. Estrogen, 

progesterone, prolactin, growth hormone (GH), cortisol, and 
insulin prepare the breast to lactate. Ductal and lobular units 
of the breast increase in size and complexity. Endings of the 
ductules become secretory alveoli during this period. 
Lactogenesis occurs throughout gestation, but lactopoiesis 
begins after delivery of the child. Estrogen and progesterone 
are believed to inhibit secretion of milk during gestation [3].

With aging, both men and women have significant fall in 
the production of most hormones when compared to young 
adults. The levels of growth hormone (GH) and insulin-like 
growth factor-1 (IGF-1) [4, 5], nocturnal melatonin [6], TSH 
[7], thyroid hormones [8], calcitonin [9], DHEA [10], aldos-
terone [11], estrogen [12, 13], and testosterone [14] progres-
sively decrease with age in adult men and women. However, 
the only endocrine system for which there is a well-defined, 
abrupt, and universal change in function with age is the 
hypothalamic–pituitary–gonadal axis in women, seen in 
menopause. Menopause occurs at the mean age of 51 in nor-
mal women in the United States [15]. It is associated with a 
marked decline in the number of developing follicles, and 
with this, there is a parallel decrease in the concentration of 
inhibin B, a peptide that inhibits the production of follicular 
stimulating hormone (FSH), and thus a corresponding rise in 
FSH. During the earlier stages of menopause, there is preser-
vation of estradiol secretion. However, in the later stage, 
ovarian secretion of estrogen and progesterone cease, subse-
quently resulting in breast involution. Lobules are mostly 
affected in this process. With the progression of involution, 
glandular epithelium is disrupted and phagocytized. Main 
ductal systems are least affected; they survive, but their num-
ber decreases and some develop cystic changes. Alterations 
occur in the elastic and collagen fibers, resulting in loss of 
supporting tissue, and fat deposition increases. The duration 
of involution of the breast is generally incomplete and vari-
able. Although most of the lobular structures disappear, rem-
nants and mature lobular structures can remain. Patient 
variability is significant [1, 16, 17].

In the aging male, there tends to be a gradual decrease in 
testosterone production by the aging testes and an increase 
in sex-hormone-binding-globulin (SHBG) levels, resulting 
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in a fall in the free testosterone concentration with a 
reciprocal increase in the luteinizing hormone (LH) level. 
This rise in LH can result in enhanced Leydig cell stimula-
tion and increased aromatization of testosterone to estra-
diol, thus increasing estradiol relative to testosterone in the 
aging male.

Gynecomastia

Gynecomastia is a benign proliferation of the glandular tis-
sue of the male breast, which is caused by an increase in the 
ratio of estrogen to androgen activity. Gynecomastia occur-
ring in middle-aged and elderly men has the highest preva-
lence at 50–80 years of age, with as many as 24–65% of men 
being affected [18]. True gynecomastia should be differenti-
ated from both pseudogynecomastia as well as carcinoma, 
which is far less common. Pseudogynecomastia, which is 
often seen in obese men, is due to fat deposition without 
glandular proliferation and does not require further evalua-
tion. Clinical features worrisome for breast carcinoma 
include a firm, eccentrically located asymmetric mass, often 
with fixation to the skin or underlying structures. Ulceration, 
axillary adenopathy, or a bloody nipple discharge may be 
present [19].

In true gynecomastia, a ridge of glandular tissue will be 
felt that is reasonably symmetrical to the overlying nipple–
areolar complex.

Classification of Gynecomastia

Gynecomastia can be classified based on a number of differ-
ent parameters, for example, pathogenesis, histopathology, 
and morphology, with the morphologic classification being 
based on subjective parameters. Cordova et  al. proposed a 
scheme for morphological classification which can serve as a 
guide for the appropriate surgical technique once the diagno-
sis of benign gynecomastia has been confirmed [20]. These 
patients would have failed medical management as described 
below. Grade I and II are described as the nipple–areolar 
complex being above the inframammary fold. With these 
stages, ultrasound-assisted lipectomy and skin-sparing 
adenectomy are the procedure of choice. Once the nipple–
areolar complex is at the same height as, or at most one cen-
timeter below, the fold, the classification becomes Grade III. 
Here, it is necessary to remove the redundant skin by means 
of a periareolar removal of epidermis. Lastly, Grade IV was 
marked by ptosis, when the nipple–areolar complex is more 
than one centimeter below the fold. Stage IV requires reduc-
tion mammoplasty with upper repositioning of the nipple–
areolar complex.

Etiology of Gynecomastia

The etiology of gynecomastia can be due to both physiologic 
as well as pathologic changes (see Table 37.1). Physiologic 
gynecomastia is more common is infants and adolescents 
boys and less so in adult men. However, aging is associated 
with an increase in the prevalence of hypogonadism. One 
previous study illustrated 20% of men older than 60 years of 
age and 50% of men older than 80 years of age were hypogo-
nadal using total testosterone criteria (Table 37.1) [21, 22].

In addition to the increased prevalence of hypogonadism, 
there are multiple other hormonal changes occurring in the 
elderly man which likely account for “idiopathic” gyneco-
mastia. First, aging is associated with an increase in body fat, 
and this adipose tissue is an active site of extraglandular 
aromatization of testosterone to estradiol and of androstene-
dione to estrone. In addition, gradual decreases in testosterone 
production results in a fall in free testosterone with a recipro-
cal increase in luteinizing hormone (LH). This rise in LH 
enhances Leydig cell stimulation, leading to increased aro-
matization of testosterone to estradiol.

Hypogonadism can also be due to pathological causes, 
which are broken down into primary and secondary hypogo-
nadism. Primary hypogonadism can be due to a congenital 
abnormality such as Klinefelter’s syndrome or due to testicu-
lar trauma, infection, infiltrative disorders, or vascular insuf-
ficiency. All of these etiologies of primary hypogonadism 
cause hormonal changes similar to those seen in the aging 
man, as described above. It is ultimately the reduction in tes-
tosterone production from the testes and a compensatory rise 
in LH that causes gynecomastia in these patients. Secondary 
hypogonadism is due to a hypothalamic or pituitary abnor-
mality. Contrary to primary hypogonadism, these patients 
have a low production of LH, resulting in a low testosterone 
production rate and a low estradiol production from the testes. 
The adrenal cortex continues to produce estrogen precursors, 

Table 37.1  Pathologic causes of gynecomastia

Pathologic etiology
Prevalence seen among 
men seeking help

Drugs 10–25%
Idiopathic 25%
Cirrhosis or malnutrition 8%
Male hypogonadism primary and 

secondary
Primary 8%, secondary 2%

Neoplasms
Testicular-germ cell, Leydig cell  

Sertoli cell, sex cord
3%

Adrenal – adenoma or carcinoma
Ectopic production of human  

chorionic gonadotropin
Hyperthyroidism 1.5%
Renal disease and dialysis 1%
Source: Data from Braunstein [22]
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which are aromatized in extraglandular tissue, thus causing 
gynecomastia.

One of the more prevalent causes of pathological gyneco-
mastia is cirrhosis, which is a consequence of chronic liver 
disease characterized by replacement of liver tissue by 
fibrous scar tissue as well as regenerative nodules. Associated 
with these changes are an increased production rate of 
androstenedione to estrone and increased conversion of 
estrone to estradiol, all leading to gynecomastia [23].

Some of the less common causes of pathological gyne-
comastia are testicular tumors, hyperthyroidism, and 
chronic renal failure. Testicular tumors are associated with 
secretion of human chorionic gonadotropin (hCG). These 
high levels of hCG lead to Leydig cell dysfunction. In addi-
tion, hCG stimulates aromatase activity, which converts 
androgen precursors to estrone and estradiol, ultimately 
causing a relative increase in estradiol to testosterone pro-
duction. Hyperthyroidism is often associated with elevated 
LH levels, again causing increased estradiol relative to tes-
tosterone production by Leydig cells.

Chronic renal failure is the progressive loss of renal func-
tion over a period of months to years. It is not entirely clear 
how dialysis and renal failure cause gynecomastia; however, 
there appears to be Leydig cell dysfunction in addition to 
decreased metabolic clearance of LH.

Clinical Evaluation of Gynecomastia

When evaluating adult males for gynecomastia, it is impor-
tant to take a thorough history including all possible medica-
tions that can cause gynecomastia, and perform a physical 
evaluation including a testicular exam. As discussed above, 
it is imperative to distinguish between gynecomastia and car-
cinoma, which typically appears as a firm asymmetric mass, 
possibly with ulceration, axillary adenopathy, or a bloody 
nipple discharge. If there is a suspicious lesion, mammogra-
phy can accurately distinguish between malignant and benign 
male breast tissues and should be performed prior to a biopsy 
[24]. Gynecomastia is apparent as a triangular or a round 
area of increased density with flame-shaped margins (see 
Fig.  37.1). Male breast cancer presents as a well-defined 
mass eccentric to the nipple, with associated spiculation and 
calcification. Pseudogynecomastia is demonstrated as an 
extremely clear mammogram with no significant glandular 
tissue seen (see Fig. 37.2). There are no set guidelines with 
regard to mammography for patients who clinically appear 
to have true gynecomastia alone. Because some studies have 
found that mammography was able to identify cancer within 
what appeared to be purely gynecomastia, it is reasonable to 
include the exam [24]. Similarly, a breast ultrasound may be 
added when malignancy is suspected as this may also aid in 

Figure 37.1  Mammogram showing typical gynecomastia.

Figure 37.2  Clear mammogram documenting pseudogynecomastia.
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Figure 37.3  Algorithm for the laboratory evaluation of gynecomastia (reprinted with permission from Braunstein GD (2007) Gynecomastia. 
N Eng J Med 357:1229–1237. Copyright © 2007 Massachusetts Medical Society. All rights reserved).

targeting a core biopsy to confirm the diagnosis. The workup 
that is recommended for gynecomastia that is of recent onset 
or painful, without a clear etiology, is the following labora-
tory studies: hCG, LH, testosterone, and estradiol. Prolactin 
levels and thyroid function tests may be required as the algo-
rithm suggests (see Fig. 37.3).

One last but significant cause of gynecomastia is medica-
tions and recreational drugs. Although a causal relation is 
well established with some drugs, the mechanism is unclear 
for most drugs (see Table 37.2) [25].

Treatment of Gynecomastia

While physiologic gynecomastia is more common among 
infants and adolescents, it is also possible in adults and the 
elderly. For this reason, it is recommended that men with 
gynecomastia initially be observed with a follow-up evalua-
tion within 3 months. During these visits, it is important to 
identify possible medications or underlying treatable disor-
ders as discussed above. For men in whom no cause can be 
identified, and the gynecomastia is tender and/or persists more 
than 3 months, it is recommended that the patient be started 

on a trial of medical therapy. It is important to note that medi-
cal therapy for gynecomastia is only effective in the early, 
active phase of gynecomastia, which is also when it is most 

Table  37.2  Medications and recreational drugs associated with 
gynecomastia

Antiandrogens/inhibitors of androgen Drugs of abuse
Cyproterone acetate Alcohol

Flutamide, bicalutamide, nilutamide Amphetamines

Finasteride, dutasteride Heroin

Spironolactone Marijuana

Ketoconazole Methadone

OTC herbal, i.e., Tea tree oil derivatives Hormones
HAART therapy Androgens

Antibiotics Anabolic steroids

Ethionamide Chorionic gonadotropin

Isoniazide Estrogens

Ketoconazole Growth hormone

Metronidazole Psychoactive drugs
Antiulcer drugs Diazepam

Cimetidine Haloperidol

Ranitidine Phenothiazines

Omeprazole Tricyclic antidepressants

Cancer chemotherapeutic drugs Other
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symptomatic (0–12 months). The later phase of gynecomastia 
(greater than 12 months) is defined by fibrotic changes and 
disappearance of the inflammatory reaction. It is unlikely that 
any medical therapy will result in significant regression in the 
late fibrotic stage.

There are three types of medications that have been used 
for the early, inflammatory phase of gynecomastia. The first 
class is androgens (testosterone), which is only beneficial in 
hypogonadal men [26]. The second class of medications is 
selective estrogen receptor modulators (SERMS), such as 
tamoxifen and raloxifene. SERMS appear to decrease breast 
volume and significantly reduce breast tenderness. Complete 
breast regression is typically not achieved [27]. Lastly, aro-
matase inhibitors, which block estrogen biosynthesis, have 
been trialed to prevent gynecomastia. To date, clinical trials 

have not demonstrated an impressive benefit. Gynecomastia 
is common in men with prostate cancer undergoing androgen 
deprivation therapy. Medical therapy has limited benefit once 
gynecomastia is established in this patient population, and 
therefore, prevention of breast development is the goal. The 
two main strategies include pharmacologic therapy (anties-
trogens or aromatase inhibitors) or radiotherapy [28].

If gynecomastia does not regress spontaneously or with 
medical therapy, is causing considerable discomfort or psy-
chological distress, or is long-standing (greater than 12 
months), then surgical therapy should be considered [29]. 
The extent of surgery depends on the severity of gynecomas-
tia, but many patients are treated with a combination of direct 
surgical excision of glandular tissue and liposuction through 
a periareolar incision.

Perimenopausal Benign Breast Disease

Although uncommon, we are faced more frequently with 
benign breast problems in an aging population. Benign breast 
disorders are exacerbated by menopause, however, and after-
ward their frequency sharply declines.

Mastalgia and Nodular Breasts

Mastalgia is a term applied to various conditions where pain 
is present in one or both breasts. Women commonly present 
with breast pain, and the etiology is typically puzzling. 

Although the clinician realizes that breast pain is rarely seri-
ous, patients are quite troubled by it and are usually worried 
that there may be an underlying malignancy. A thorough 
understanding of the classifications of breast pain, common 
etiologies, and treatment strategies is both helpful for the 
practitioner and reassuring to the patient.

Breast pain can be classified according to cyclic mastalgia, 
noncyclic mastalgia, and extramammary (nonbreast) pain 
[30]. Cyclic mastalgia refers to premenstrual breast pain 
experienced by most women and is accompanied by an 
increase in breast nodularity. This is accentuated when associ-
ated fibrocystic changes, including cysts, can cause focal 
severe pain, potentially relieved by cyst aspiration. This type 
of cyclic mastalgia usually resolves after menopause. 

Case Study

A 65-year-old retired fireman presents with a unilateral 
tender mass in the left retroareolar position. He is known 
through the diagnosis and treatment of his wife’s early 
breast cancer, and she has done well. For the past several 
weeks, he has noted this mass and he is concerned, in 
part, given his wife’s diagnosis. His past medical history 
is remarkable for hypertension and mild obesity. He has 
no issues with potency. His medications include atenolol 
and furosemide. Otherwise, he is healthy, and he reports 
moderate alcohol intake. He does not smoke.

On exam, the patient is a healthy-appearing male. His 
breasts are mildly asymmetric with the left being larger 
than the right. There are no other skin or nipple changes. 
There is a tender mass deep to the left nipple, located 
immediately behind the nipple. There is also a small 
amount of palpable breast tissue deep to the right nipple 
which is nontender. He has no palpable supraclavicular 

or axillary adenopathy. He refuses a testicular exam, but 
admits that everything is OK in that department.

Mammography demonstrates bilateral flame-shaped 
tissue in the retroareolar position which is concentric to 
the nipple. There is no suspicion of cancer.

The patient is offered a trial of observation and 
consideration for taking tamoxifen. He is not inter-
ested in tamoxifen as his wife had fairly significant 
hot flashes and some weight gain while taking it. After 
3 months, he is still experiencing moderate tender-
ness, and he requests surgical excision. This is accom-
plished through a periareolar incision as an outpatient. 
Pathology demonstrates benign breast tissue. He does 
well but does require a postoperative aspiration of a 
small seroma in the office. At 3-month follow-up, he 
is happy with the cosmesis and remains pain-free. He 
returns a year later with the identical complaint on the 
right breast and again elects to undergo surgical exci-
sion with similar results.
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Noncyclic mastalgia generally starts in the fourth decade. 
In 50% of persons affected, it resolves after menopause, but in 
the other half, it persists [31]. Noncyclic mastalgia in the post-
menopausal age group is less likely to respond to treatment 
but resolves spontaneously in up to 50% of cases [32]. Most 
patients assume that their pain is related to an underlying 
breast cancer. It is necessary to perform a thorough physical 
exam to rule out an underlying mass and to update the patient’s 
mammogram and focal breast ultrasound as indicated. 
Tumyan et al. reported on 86 consecutive patients with focal 
breast pain in the absence of a breast mass. In their study, the 
negative predictive value of mammogram and ultrasound was 
100% with a mean follow-up of 26.5 months [33]. This author 
has cared for two patients, however, who noted focal breast 
pain with normal imaging and developed very early cases of 
DCIS and invasive lobular carcinoma. Both had had contral-
ateral breast cancers and had exhibited focal breast pain prior 
to that diagnosis as well. This should be considered extremely 
unusual, but as always, it is important to listen to the patient 
and respect their persistent concern. Additionally, it is reas-
suring for patients to understand that breast “tenderness” is 
normal. The breast is a highly sensitive organ, particularly 
involving the upper-outer quadrants and the nipple, and this 
sensitivity commonly persists in the elderly.

Prior to initiating therapy for mastalgia, sources of extra-
mammary pain must be ruled out. Angina relating to coro-
nary artery disease is the most critical possibility that must be 
considered in the elderly. More common, however, and 
poorly understood by most patients is costochondritis or 
“Tietze’s Syndrome.” This pain originates in the joint con-
necting the sternum to the upper seven ribs, although the sec-
ond to fifth costochondral junctions are most commonly 
affected [34]. Chronic pain is described as a dull ache or 
pressure, but acute attacks are sharp and stabbing. Physical 
exam demonstrates a reproducible pain when pressure is 
applied to the area. It is worsened when moving the rib cage 
or taking a deep breath. Costochondritis can also be related to 
systemic arthritis, in which the treatment is dependent on the 
etiology. Otherwise, the mainstays of treatment are the non-
steroidal anti-inflammatories and avoidance of activities that 
provoke strain to this area. Steroids can also be injected into 
the specific costochondral junction, in severe, refractory 
cases. Khan et al. reported on the successful use of 1-ml 2% 
lignocaine and 1-ml 40-mg depomedrone injections in 104 
women with an 83% success rate and no complications [35].

Other sources of extramammary pain include radiating 
pain from arthritic conditions or neural entrapment of the 
cervical and thoracic spine. Shingles should also be kept in 
mind as unilateral breast and back pain may precede the clas-
sical presentation with fever and skin blisters.

Mondor’s disease is a less well-recognized condition of the 
breast which presents with a tender cord-like nodularity. This is 
a thrombophlebitis of the thoracoepigastric vein and most 
commonly is located superior and lateral to the nipple [36]. 

It can also be seen postoperatively when a superficial vein has 
been transected during the procedure. Trauma and radiation 
therapy can also contribute to this condition. There may be vis-
ible evidence of a vertically oriented nodularity as well as a 
palpable cord with tenderness. The tenderness may last 1–6 
weeks although the cord may take longer to resolve. It can be 
treated with warm compresses and anti-inflammatories.

Hypothyroidism has been associated with breast pain. 
Although the exact mechanism is not understood, the breast has 
an affinity for thyroid hormone and iodine. The terminal part of 
the duct, the acini, and the ducts are lined with iodine-contain-
ing cells. When these levels are low, the breast becomes more 
sensitive to estrogen stimulation [37]. Given the frequency of 
thyroid disease in mature women, it is reasonable to include 
thyroid function testing and assessment of related symptoms of 
hypothyroidism in women with persistent mastalgia.

Once other sources of extramammary pain have been 
excluded, the patient and clinician can decide about the treat-
ment, if any, for noncyclical breast pain. Caffeine and alco-
hol can contribute to mastalgia, so this should be mentioned. 
There are many medications that can contribute to breast 
pain and should also be assessed. Hormone replacement 
therapy (HRT) is known to increase breast pain, tenderness, 
and density. Macrocysts may persist on HRT postmenopaus-
ally and contribute to focal and global pain. Some patients 
are willing to tolerate these breast symptoms in light of the 
other benefits that HRT affords. Utilizing the lowest dose 
may reduce breast tenderness. Other medications such as 
antidepressants, cardiac drugs, and antihypertensives can 
cause breast pain, tenderness, and galactorrhea. Because 
these side effects may be uncommon, reviewing the side-
effect profile of all newly introduced medications is prudent 
in an elderly patient with the recent onset of mastalgia.

Medical therapy for mastalgia has not been very simple or 
scientific in the past. Vitamin E, evening primrose Oil, and vita-
min B6 have all been promoted, and for some patients, these 
remedies appear beneficial, particularly for cyclical mastalgia. 
Clinical trials, however, have not shown consistent results.

Rosolowich et al. reviewed the issue of mastalgia for The 
Society of Obstetricians and Gynecologists of Canada. They 
wanted to provide practice guidelines for Winnipeg Regional 
Health Authority Breast Health Centre. The results of their 
extensive review are as follows:

	 1.	 Education and reassurance is an integral part of mastal-
gia and should be the first-line treatment.

	 2.	 The use of a well-fitting bra that provides good support 
should be considered for the relief of cyclical and non-
cyclical mastalgia.

	 3.	 A change in dose, formulation, or scheduling should be 
considered for patients on HRT. HRT may be discontin-
ued if appropriate.

	 4.	 Women with breast pain should not be advised to reduce 
caffeine intake.
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	 5.	 Vitamin E should not be considered for the treatment of 
mastalgia.

	 6.	 There is presently insufficient evidence to recommend 
the use of evening primrose oil (EPO) in the treatment of 
breast pain.

	 7.	 Flaxseed should be considered as a first-line treatment 
for cyclical mastalgia.

	 8.	 Topical no steroidal anti-inflammatory (NSAID) gel, 
such as diclofenac 2% in pluronic lethicin organogel, 
should be considered for pain control for localized treat-
ment of mastalgia.

	 9.	 Tamoxifen 10 mg daily or danazol 200 mg daily should 
be considered when first-line treatments are ineffective.

	10.	 Mastectomy or partial mastectomy should not be con-
sidered an effective treatment for mastalgia [38].

Another study by Srivastava and colleagues examined 
randomized controlled trials comparing bromocryptine, dan-
azol, EPO, and tamoxifen with placebo. While bromocryp-
tine and danazol produced positive results, tamoxifen was 
associated with the fewest side effects and was considered 
the drug of first choice [39]. Other studies have confirmed the 
benefit of topical NSAIDs as a safe, effective, and rapid treat-
ment modality [40, 41]. The use of toremifene has been con-
troversial given its potential side effects, and lisuride maleate 
and iodine therapy are also mentioned in the literature.

Ductal Ectasia

Ductal ectasia, or dilatation of the ductal system, is frequently 
found in postmenopausal women. This can be found on clini-
cal presentation with nipple discharge and nipple retraction 
or encountered when operating on the breast for other rea-
sons. Grossly, the specimen consists of firm breast tissue 
with prominent ducts containing pasty or granular secretions. 
These secretions may be white, yellow, green, or brown. The 
walls of the ducts are firm as a result of periductal fibrosis, 
and sometimes calcium is noted in the ducts [42].

There may be spontaneous nipple discharge and nipple 
retraction, and the condition can be bilateral. The nipple 
retraction can appear slit-like in ductal ectasia, as opposed to 
the classic purse-string appearance with an underlying malig-
nancy. This condition is also different from periductal masti-
tis, which is more common in young patients, associated 
with smoking, and results in granulomatous fistulization to 
the skin.

On imaging, ductal ectasia is typically symmetric with 
ultrasound demonstrating dilated ducts in a symmetrical 
fashion. Asymmetric and solitary ducts may be pathologic. 
Intraductal papilloma and carcinoma must be ruled out in 
these cases. If the patient has no palpable findings and a nor-
mal mammogram and ultrasound, it is highly unlikely that 

breast cancer is causing the nipple retraction. MRI can be 
done if further evaluation is warranted. Central excision of 
the retroareolar ducts can be performed to eliminate a persis-
tent discharge and alleviate fear of malignancy.

Cystic Disease of the Breast

Breast cysts are common in women aged 40–50, particularly 
common around menopause. They can appear suddenly as a 
tender, palpable mass or discovered incidentally during 
radiologic screening.

There are two types of cysts, dependent on the cyst lining. 
One is lined with apocrine epithelium and the other with flat-
tened epithelium. Simple cysts lined with flattened epithe-
lium arise from dilatation of terminal portions of ductules 
and are generally small. Sometimes, they coalesce and form 
larger cysts, and they are regarded as physiologic changes of 
involution during menopause. Cysts that are palpable are 
generally apocrine cysts, and they may grow up to 4–5 cm in 
size. Apocrine cysts also originate from lobular units and 
also thought to be a physiologic change of the breast because 
they are common during the involutional phase of lactation 
and menopause. Cyst formation is further promoted by tak-
ing HRT following menopause [43].

Cysts surrounded by fatty tissue appear as round or oval, 
well-circumscribed masses on the mammogram. If they are 
surrounded by breast parenchyma, some of the contour 
may be obscured by dense breast tissue; generally, the pos-
terior parts of the cysts are indistinct. Because some malig-
nancies of the breast appear as smoothly contoured and 
round masses, it is recommended to undertake further diag-
nostic workup, especially in elderly patients. Ultrasound 
usually detects whether the lesion is cystic or solid. Simple 
cysts generally have smooth margins, and the contents of 
the cyst are anechoic. If echos are detected in the cyst, it 
can be the result of inflammation, intracystic papilloma, 
and extremely hypoechoic fibroadenoma, or a malignancy. 
Medullary carcinoma, in particular, must be considered 
first in the differential diagnosis. Aspiration biopsy aids in 
the diagnosis. If the fluid is green to brown and the lesion 
completely disappears after aspiration, it is consistent with 
a simple cyst and no further workup is necessary. Cyst fluid 
of this nature need not be sent for cytology. If a patient is 
postmenopausal and not on HRT, it is reasonable to analyze 
the fluid. A residual mass after cyst aspiration, rapid refill-
ing of the cyst, solid papillary components in a cyst con-
firmed by ultrasonography, and atypical cells or papillary 
cells in a cyst aspirate are all reasons to perform an open 
biopsy to rule out malignancy [44]. Figure 37.4 depicts a 
complex cyst with atypical cells seen on aspiration. 
Excisional biopsy showed associated ductal carcinoma in 
situ (Fig. 37.4).
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Fibroadenoma

Although fibroadenomas are commonly addressed in young 
patients, they rarely present issues in the elderly. They con-
stitute approximately 12% of all breast masses in postmeno-
pausal women. There are two classic structural types: 
intracanalicular or pericanalicular. Generally, the clinical 
examination, radiologic studies, and core biopsy confirm the 
diagnosis [45–47] Fibroadenomas involute after menopause 
and calcify. They are frequently seen on the mammogram 
associated with central heavy amorphous or peripheral course 
calcifications, sometimes referred to as “popcorn calcifica-
tions” (Fig. 37.5).

Fibroadenomas are considered an aberration of normal 
development. They do not arise from a single cell but from a 
single lobule and resemble hyperplastic lobules in the breast. 
They grow and lactate during pregnancy and degenerate 
during menopause, exhibiting their hormone dependence [47, 
48]. In the elderly, fibroadenomas generally become less cel-
lular and hyalinized, and sometimes, they become fibrotic or 
disappear in the breast without the influence of estrogen. Once 
the diagnosis is established, excision and observation are the 
two main options. Patients generally prefer excision, although 
the risk of their masses becoming malignant is no different 
from that of normal tissue. The problem, in general, is being 
certain of the diagnosis of a fibroadenoma, especially in the 
elderly where the suspicion of breast cancer is justifiably high 
[47]. Calcified, involuting fibroadenomas in the elderly do not 
deserve excision if they have been serially followed mammo-
graphically. Spiculation, architectural distortion, and fine and 

irregular calcifications are signs of coincidental cancer in a 
fibroadenoma, so further workup and treatment are needed in 
these patients [49].

Figure 37.4  Complex cyst 
(ultrasound).

Figure 37.5  Mammogram demonstrating benign calcifications associ-
ated with fibroadenomas.
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Benign Breast Calcifications in the Elderly

Mammograms can demonstrate benign calcifications for 
many reasons, particularly in the elderly. Cysts can calcify, 
giving an “eggshell” appearance (see Fig. 37.6), and fibroad-
enomas may calcify as mentioned earlier. Calcifications may 
also be present secondary to fat necrosis, postsurgical scar, 
and suture calcification. Arteriosclerotic calcification is com-
mon in the elderly and is typically seen as long tubular struc-
tures that appear hollow.

Hormone Replacement Therapy  
and Mammographic Findings

In general, with the start of menopause, the overall density of 
the breast decreases owing to glandular atrophy and fatty 
replacement. The current standard for reporting breast den-
sity was established by the Breast Imaging Reporting and 
Data System (BIRADS). Category 1 describes a breast that is 
“almost entirely fat,” while Category 2 shows “scattered 
fibroglandular” tissue. Category 3 reflects a “heterogeneously 
dense” breast, while Category 4 depicts “extremely dense” 
breast parenchyma.

Continuous HRT may increase mammographic densities 
in the elderly. Peck and Lowman first reported that HRT 

increases benign changes in the breast with involution after 
discontinuing treatment [50]. The mammographic changes 
attributed to HRT may be diffuse, symmetric, asymmetric, 
multifocal, or cystic densities. Roughly, it is accepted that 
one fourth of patients receiving HRT show evidence of 
increased breast density. Combination regimens with estro-
gen and progesterone are believed to produce this effect 
much more commonly than estrogen replacement alone 
[51, 52]. Tissue edema, proliferation of periductal connec-
tive tissue or ductal and lobular units may be responsible for 
the density. Patients who have lower baseline density per-
centages are more likely to develop breast densities with 
treatment. Generally, it takes months to years for these to 
develop. Persistence of breast densities in the elderly alters 
the sensitivity of the mammogram. In a large retrospective 
review of 8,779 postmenopausal women being screened in 
western Washington state, HRT was found to lower both the 
sensitivity and specificity of screening mammograms [53]. 
Invasive lobular carcinoma is of concern given that it is dif-
ficult to detect mammographically to begin with, and HRT 
may promote its development. Low-dose regimens may be 
helpful in patients with increased density of the breast, and 
discontinuation of HRT can be recommended.

Crandall et al. reviewed the association of breast discomfort 
with increases in breast density. In their study, postmenopausal 
women were randomly assigned to postmenopausal hormone 
therapy vs. placebo. New-onset breast discomfort was associ-
ated with an increase in mammographic breast density [54]. 
It has also been demonstrated that additional imaging is fre-
quently required in women with either dense breast tissue or 
those on HRT [55]. Not surprisingly, it has also been shown 
that changes in density are dynamic, such that discontinuation 
of HRT will result in decreases in breast density [56].
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Breast cancer is the most common malignancy in American 
women aside from skin cancer, and the second leading cause 
of cancer death, exceeded only by lung cancer. It is estimated 
that there were 182,460 new breast cancer cases diagnosed in 
the United States in 2008, and 40,480 deaths. In addition to 
invasive breast cancer, carcinoma in situ (CIS), the earliest 
form of breast cancer, accounted for about 67,770 new cases 
in 2008 [1].

The incidence of breast cancer increases with age, and 
despite competing causes of mortality, breast cancer remains 

a significant cause of death in elderly women. Cancer is the 
leading cause of death in those 55–74 years of age and is 
second only to heart disease in the 75+ age group [2]. As life 
expectancy increases and the elderly population continues to 
grow, there will be an increasing number of elderly women 
diagnosed with breast cancer. Despite the high prevalence of 
this disease in the elderly, they largely have been excluded or 
discouraged from participating in clinical trials and often are 
not given the same therapeutic options as their younger coun-
terparts [2, 3].

The goal of this chapter is to review the important issues 
related to the management of breast cancer in the elderly. 
These include age-specific issues regarding the value of 
mammographic screening, the selection of local surgical 
therapy, the need for adjuvant radiotherapy, the efficacy 
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Case Study

An 80-year-old wheelchair-confined diabetic female is 
s/p right above the knee amputation after failed bypass 
grafting, and s/p two myocardial infarctions, most 
recently 3 years ago. She is not felt to be a candidate for 
revascularization. Her ejection fraction is 20%. She has 
occasional chest pain at rest. She also has an 80-packs-
per-year smoking history, moderately severe arthritis, 
and mild dementia. She is managed by an endocrinolo-
gist, a cardiologist, her family doctor, and a rheumatolo-
gist. Her family doctor obtains a screening mammogram 
that demonstrates a 1.0-cm spiculated mass in the upper 
outer quadrant of the right breast. Breast exam is normal, 
and there is no adenopathy.

Management

This patient is highly unlikely to have her life prolonged 
by the detection of this cancer prior to the development 

of a palpable mass. Ideally, she would never have had a 
screening mammogram. Since she did, optimal manage-
ment would include obtaining an ultrasound (US) to see 
if the mass is visible by US. If yes, a US-guided core 
biopsy would be far more comfortable for the patient 
than lying prone, with her breast in compression, for a 
stereotactic biopsy. The core biopsy demonstrates a 
Grade II, strongly estrogen receptor (ER)-positive and 
progesterone receptor (PR)-positive, HER-2-negative 
infiltrating ductal cancer. This patient is an appropriate 
candidate for primary endocrine therapy with tamoxifen 
or an aromatase inhibitor. Although removal of the pri-
mary tumor optimizes local control, in her case, this 
would entail needle localization prior to surgery, which 
would require her cooperation, as would a procedure 
done under local anesthesia. Her cardiopulmonary status 
places her at significant risk for general anesthesia. There 
is no indication for sentinel node biopsy since the identi-
fication of nodal metastases would not change her man-
agement. She should be followed with clinical breast 
exam. If a palpable mass develops in the breast, then sur-
gical excision is warranted.
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and toxicity of systemic therapy, and the effect of mortality 
due to breast cancer in this population. Because there is no 
standard definition of “elderly,” for the purposes of this 
chapter, an elderly patient is defined as one older than 70 
years of age.

Epidemiology

Breast cancer incidence and mortality increase with age, 
with the greatest increase observed during the childbearing 
years. In Western countries, a continued increase in incidence 
is seen after menopause, whereas in Asian countries, the 
incidence decreases in elderly women [4, 5]. Approximately 
one half of the breast cancers in the United States are diag-
nosed in women aged 65 years and over. For women in this 
age group, an incidence rate of 322 cases per 100,000 popu-
lation was noted in the SEER database [6], compared with 60 
cases per 100,000 for women younger than age 65. The inci-
dence rate for women aged 85 years or more rose to 375 
cases per 100,000 population.

Although breast cancer incidence rates in the United 
States increased by 32% from 1980 to 1987 [7], a stabiliza-
tion in female breast cancer incidence rates during 2001–
2003 and a decrease in the number of breast cancer cases 
diagnosed in 2003 were observed [8]. Data from the National 
Program of Cancer Registries (NPCR) and the SEER regis-
tries [9] indicate that age-adjusted incidence rates for inva-
sive breast cancer decreased significantly in women aged 50 
years and older each year between 1999 and 2003, with the 
greatest decrease (6.1%) occurring from 2002 to 2003 
(Fig. 38.1). The largest decreases were seen in women aged 
55–59 years (11.3%), 60–64 years (10.6%), and 65–69 years 
(14.3%). Rates of in situ breast cancer also stabilized from 
1999 to 2003 after increasing by more than 6.6% per year 
since 1981, with women aged 50–79 years experiencing a 
significant decrease in incidence during this period [10].

Over the past 25 years, the incidence of in situ carcinoma 
has increased in association with a decrease in regional dis-
ease and a stable metastatic disease rate [7]. Between 1987 
and 1997, a decrease in breast cancer mortality was observed 
in the United States, with a 9% reduction in mortality for 
those aged 70–79 years. Approximately 50% of this mortal-
ity reduction is attributed to screening and 50% to improve-
ments in therapy [11]. Despite the reported decreases in 
breast cancer mortality, it is important to keep in mind that 
breast cancer represents the underlying cause of death in 
54.5, 37.1, and 30.7% of women aged 60–69, 70–79, and 80+ 
years, respectively, who are diagnosed with the disease [12].

As in young women, infiltrating ductal carcinoma is the 
most common histologic tumor type in the elderly, accounting 
for 77–85% of cases [6, 13]. The relatively favorable subtypes 

of colloid and papillary carcinoma are observed more fre-
quently in elderly women but still account for less than 10% of 
mammary carcinomas even in women aged 85 years or greater 
[6, 13, 14], whereas inflammatory and medullary carcinoma 
are seen less commonly in elderly women than in their younger 
counterparts [6, 14]. Breast cancers in elderly women are more 
likely to be moderately to well differentiated, contain estrogen 
receptors, and have a low thymidine labeling index [14].

Screening

Randomized studies have shown that screening for breast 
cancer with mammography reduces breast cancer mortality 
by approximately one third, especially for women aged 50–69 
years at invitation to screening [15–17]. As life expectancy 
increases, attention has turned to determining an appropriate 
upper age limit for population-based mammography 
screening. Current guidelines are vague, indicating that 

Figure  38.1  Age-adjusted breast cancer mortality rates for U.S. 
Caucasian women per 100,000 population. Filled squares, invasive; 
diamonds, localized; triangles, regional; inverted triangles, in situ; 
open squares, distant (from Chu et al. [7] Adapted with permission of 
the Oxford University Press).
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chronological age alone should not be the reason for the 
cessation of regular screening. Theoretically, screening 
should be beneficial for women aged 70 years or greater, but 
evidence to support this statement is limited. To date, the only 
randomized screening trial that included women aged 70 
years and greater was the Swedish Two-County trial [17]. In 
this study, 162,981 women aged 40–74 years were random-
ized to a screening or a control group. A 31% reduction in 
mortality from breast cancer and a 25% reduction in the rate 
of stage II or higher cancers were seen in the group invited to 
screening, and the benefit extended to patients aged 70–74 
years.

Van Dijck et al. [18] reported the results of a nonrandom-
ized trial of screening in 6,773 women aged 68–83 years, 
enrolled during 1977–1978 and followed through 1990. 
Women from the same birth cohort in a neighboring city 
without a screening program served as controls. Over the 
entire study period, the cumulative mortality rate ratio was 
0.80 (95% CI, 0.53–1.22) for the screened women; at 9–13 
years after the start of screening, it had decreased to 0.53 
(95% CI, 0.27–1.04). A subsequent study by Jonsson et al. 
[19] attempted to evaluate the contribution of screening to 
decreasing breast cancer mortality in women aged 70–74 
years. Breast cancer mortality for both the study (screened) 
and control (not screened) groups decreased during the study 
period, but with a mean screening interval of 22.8 months 
and a mean follow-up time of 10.1 years, a 24% reduction in 
breast cancer mortality was estimated in the screened group 
after adjusting for lead time bias.

In 2000, Smith-Bindman et  al. in a study of 690,993 
women aged 66–79 years reported that screening mammog-
raphy was associated with a decreased risk of detecting met-
astatic breast cancer among elderly women [20]. Taplin et al. 
[21] retrospectively reviewed data from seven health-care 
plans dating from 1995 to 1999, comparing women aged 50 
years or older who were diagnosed with late-stage (meta-
static and/or tumor size ³ 3  cm; n = 1,347) or early-stage 
(control subjects, n = 1,347) breast cancers. The odds of hav-
ing late-stage breast cancer were higher among women not 
undergoing screening (OR = 2.17, 95% CI, 1.84–2.56; 
p < 0.001); failure to screen was significantly associated with 
age > 75 years (OR = 2.77, 95% CI, 2.10–3.65), as well as 
lower socioeconomic status.

Mandelblatt et al. [22] used a decision analysis model to 
determine whether mammographic screening extends life 
for women aged 65 and greater in the presence and absence 
of comorbid conditions. Patients were stratified into age 
groups of 65–69, 70–74, 75–79, 80–84, and 85 years or 
greater. In each age category, women were further stratified 
into those with average health, those with mild diastolic 
hypertension, and women with symptomatic congestive 
heart failure, to determine the effect of comorbid conditions 
on screening benefit. Screening was found to save lives for 

elderly women of all ages, although the magnitude of 
benefit decreased as the severity of the comorbidity 
increased. For a woman with breast cancer, screening pro-
longed life 617 days for the woman of average health aged 
65–69 years, and 311 days for women in the same age group 
with congestive heart failure. The prolongations of survival 
for women older than 85 years in the same health groups 
were 178 and 126 days, respectively. The cost-effectiveness 
of annual screening ranged from $13,200 to $34,600 per 
year of life saved. In comparison, the cost per year of life 
saved by treating mild to moderate hypertension in the 
nonelderly is $16,000–$72,000 [22]. These estimates of 
cost are based on the use of annual screening mammograms. 
Moskowitz [23] calculated that owing to the longer lead 
times seen with breast cancer in older women, most of the 
benefits of screening could be obtained with a 2- to 3-year 
interval between studies.

Boer et  al. [24] used a model incorporating the natural 
history of breast cancer and the known effect of screening to 
identify the optimum upper age limit for screening. Using a 
model in which preclinical duration of breast cancer was 
assumed not to increase after age 65, no upper limit for 
screening benefit was identified. If the duration of the pre-
clinical phase was “pessimistically” assumed to increase in 
the elderly, screening up to age 80 was found to be of benefit. 
In a study of 2,067 million screening exams performed 
between 1998 and 2000, the overall breast cancer detection 
rates in the 50–69 and 70–75 age groups were, respectively, 
4.2 and 14.2 per 1,000 initially screened women. The refer-
ral, biopsy, and detection rates were substantially higher in 
women aged 70–75 years than in their younger counterparts, 
and a significant trend toward a smaller tumor size distribu-
tion was observed [25]. These findings, summarized in 
Table 38.1, suggest that mammographic screening is a ben-
eficial technique in the elderly.

The current United States Preventive Services Task Force 
guidelines recommend screening mammography for women 
aged 50–75 years [26]; however, a number of studies indi-
cate that breast cancer screening in the elderly, whether by 

Table 38.1  Outcomes of screening in older women

Age group (years)

50–69 70–75

No. of screening exams 1,880,082 187,207
No. of women 18,902 3,429
% Additional imaging 33.9 24.9
% Biopsy 5.1 4.2
Screen detected cancers/1000 4.2 10.3
% In situ 14.8 11.6
% Node neg. (invasive only) 66.3 69.7
Positive predictive value of 

biopsy
70.0 79.0

Source: Data from Fracheboud et al. [25]



482 M. Morrow and L.S. Wiechmann

mammography or clinical breast examination, is underuti-
lized. The National Cancer Institute Breast Cancer Screening 
Consortium [27] reported the results of 7 population-based 
surveys of women aged 50–74 years. In five of the seven 
studies, the rates of breast screening by mammography and 
breast examination in the 70–74 years age group were lower 
than those reported for other ages. This occurred despite the 
fact that more than 90% of women surveyed had a regular 
source of medical care.

Lack of awareness of breast cancer risk and screening 
procedures in elderly women contributes to the underutiliza-
tion of these techniques. Leathar and Roberts [28] identified 
a lack of knowledge among elderly women about breast 
cancer, a pessimistic attitude toward disease outcome, and 
embarrassment about being examined as major barriers to 
screening. Fox et al. [29] conducted a telephone survey of 
724 women aged 65 years and older to assess factors influ-
encing the use of mammography. Only physician recommen-
dation predicted a recent mammogram, with age, race, and 
health status found to be insignificant factors.

In 2001, data from the state-based Behavioral Risk Factor 
Surveillance System (BRFSS) and the National Health 
Interview Survey (NHIS) confirmed that the percentage of 
women who reported receiving mammography and clinical 
breast exam within 2 years was lower among older women 
(56.7% of women aged 70 years and older) compared with 
younger women (71.1% of women aged 50–69 years). 
Among both groups, those unable to perform a major activity 
of daily living were less likely to report receiving mammog-
raphy within 2 years. Interestingly, most (62.7%) women 
aged 70 years and older reported having no activity limita-
tion, and only 5.5% reported being unable to perform a major 
daily activity [30].

In 2007, Field et al. studied women aged 65 years or older 
when diagnosed with early-stage invasive breast cancer 
(n = 1,762). They assessed mammography use during 4 years 
of follow-up and found that the percentage of women having 
mammograms after treatment declined significantly during 
the studied time frame from 82% in the first year posttreat-
ment to 68.5% in the 4th year of follow-up. Women at higher 
risk of recurrence (breast conservation without radiation 
therapy or higher stage) were less likely to have yearly mam-
mograms, as were women without visits to breast cancer sur-
geons or oncologists, suggesting that underutilization of 
mammography is a problem for women at all levels of breast 
cancer risk [31].

Local Therapy of Breast Cancer

What constitutes appropriate local treatment for the elderly 
woman with breast cancer remains controversial. In the past, 

when mastectomy was the standard surgical therapy, the 
major debate in older women centered on dissection of the 
axillary nodes. The emergence of breast-conserving surgery 
and sentinel lymph node biopsy as accepted modalities for 
the local therapy of breast cancer, and the development of 
endocrine therapies such as tamoxifen and the aromatase 
inhibitors have increased the available options for local treat-
ment in this population. When evaluating therapeutic options, 
it is important to consider not only the immediate morbidity 
and mortality of treatment but also the efficacy of the therapy 
in maintaining local control for the duration of the woman’s life. 
Current options for the local management of breast carcinoma 
in the elderly include mastectomy, breast-conserving therapy 
consisting of excision and irradiation, or excision alone, and 
endocrine therapy.

Mastectomy

Mastectomy remains a common treatment in the elderly 
patient. A modified radical mastectomy includes removal of 
breast tissue, the underlying pectoralis fascia, and the axillary 
lymph nodes. In patients with clinically negative axillary 
lymph nodes, the modified radical mastectomy has been 
replaced by total (simple) mastectomy plus sentinel lymph 
node biopsy, an operative technique that is discussed later in 
this chapter. The 30-day operative mortality rate of any type 
of mastectomy is uniformly low, and the procedure is physi-
cally well tolerated. In a review of the SEER data from 1960 
to 1973, Schneiderman and Axtell reported a 30-day opera-
tive mortality rate of 0.4% for the 37,745 patients treated dur-
ing that period. For women aged 75 or older, the operative 
mortality was 0.8% during 1960–1966, and 0.9% during 
1967–1973 [32]. Similar results have been noted in other 
studies, with mortality rates less than 4% commonly observed 
[33–36]. Davis et al. reported a 3% mortality rate for women 
aged 80 or older treated by mastectomy and a 7% incidence 
of major complications [33]. Hunt et  al. in a study of 94 
patients reported a complication rate of 20% in elderly 
patients, but the operative mortality was still only 1% [34]. 
Wound problems accounted for most of the complications in 
this series, while Kessler and Seton found cardiovascular and 
neurologic problems to be the most common cause of postop-
erative morbidity in their series [35]. Data on the morbidity 
and mortality of mastectomy in the elderly are summarized in 
Table 38.2. In patients with severe comorbidities, mastectomy 
has been performed using local anesthesia and regional nerve 
blocks [37]. Mastectomy under local anesthesia alone using 
the tumescent technique of infiltrating dilute lidocaine with 
epinephrine (25 ml of 1% lidocaine [250 mg] and 1 ml of 
1:1,000 epinephrine [1 mg] in 1 L of Ringers lactate) via an 
infusion pump has also been reported [38]. Although 
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mastectomy is an excellent method for obtaining local control 
of breast cancer with a minimum number of outpatient visits, 
and although elderly women can undergo the procedure 
safely, these results are obtained at the expense of cosmesis.

Breast-Conserving Surgery in the Elderly

Since 1970, multiple prospective randomized trials have 
compared survival after breast conservation treatment to sur-
vival after mastectomy for stage I and II breast cancer. No 
survival advantage has been noted for mastectomy. Although 
most of these trials did not include women older than 70 
years, the biologic rationale for breast preservation can be 
extrapolated to the elderly population. Several studies have 
suggested that elderly women may have a lower rate of breast 
recurrence after partial mastectomy and radiotherapy than 
their younger counterparts [39–41]. Fourquet et al. reported 
a 97% rate of control at 10 years for women older than 55 
years compared to 85% for women aged 33–45 years and 
71% for women aged 32 years or younger in a series of 518 
patients [40]. Veronesi et al. [41] and Clark et al. [39] have 
also reported a decreasing frequency of breast recurrence 
with increasing age. Some of these differences in local fail-
ure rates may be due to a higher incidence of adverse patho-
logic features, such as an extensive intraductal component or 
lymphatic invasion in young women, but older women appear 
to have lower local failure rates even after correction for 
pathologic features.

In addition, local recurrence rates can be affected by a 
number of treatment factors, such as the extent of surgical 
resection, the status of the surgical margin, and the use of 
adjuvant tamoxifen. In the National Surgical Adjuvant Breast 
Project (NSABP) B-14 trial, 2,644 axillary-node-negative 
patients, 38% of whom underwent breast-conserving ther-
apy, were randomized to receive tamoxifen or placebo. After 
a median follow-up of 10 years, the rate of recurrence in the 

breast was 14.5% in the placebo arm compared to 3.4% in 
the tamoxifen group [42]. Thus, in women treated with 
breast-conserving therapy, including breast irradiation and 
tamoxifen, the incidence of local failure is low, and the small 
risk of a second surgery is not an appropriate reason to rec-
ommend that elderly women routinely undergo mastectomy. 
The standard contraindications to breast-conserving therapy 
(Table  38.3) used to determine the suitability of young 
women for breast-conserving therapy are applicable in older 
women as well [43].

High rates of mastectomy in the elderly have been attrib-
uted to patient choice. Some studies have indeed shown that 
BCT is chosen less frequently as age increases [44–46]. In 
contrast, Bleicher et al. [47] examined the role of age in the 
surgery decision-making process by surveying 1,279 
patients aged 79 or younger from two SEER program regis-
tries. A majority of patients (80.3%) underwent BCT. There 
were no differences in patient preference for mastectomy on 
the basis of age, and in a logistic regression analysis, age 
and comorbidities were not significant predictors of mastec-
tomy use.

The necessity for adjuvant radiotherapy in patients treated 
with breast conservation is a matter of particular interest in 
the elderly population. The Early Breast Cancer Trialists’ 
Collaborative Group (EBCTCG) overview of randomized 
trials included ten trials of post-BCT radiotherapy with a 
total of 23,500 patients. The main analyses of local recur-
rence, breast cancer mortality, and overall mortality were 
stratified by age into five groups (<40, 40–49, 50–59, 60–69, 
and >70 years) [48]. The relative risk of recurrence, compar-
ing those allocated to RT with those not, was about 0.3 in 
every trial, corresponding to a 5-year risk of local recurrence 
of 7% in the RT group versus 26% in the control. The abso-
lute effects of post-BCS RT on local recurrence were greater 
in younger than in older women (5-year risk reductions of 
22, 16, 12, and 11% for those aged <50, 50–59, 60–69, and 
>70 years, respectively). The proportional risk reduction for 
breast cancer mortality was less pronounced than that for 
local recurrence, with one breast cancer death averted at 15 
years for every four local recurrences prevented in year 5. 
The lower absolute benefit of RT in older women coupled 
with the long follow-up period needed for mortality reduc-
tions to be observed makes it unlikely that RT will have a 
major impact upon survival in this population [48].

Table 38.2  Morbidity and mortality of mastectomy in the elderly

Study
Age 
(years) No

Operative 
mortality (%)

Complications  
(%)

Hunt et al. [34] >65   94 1.0 20
Schottenfield and  

Robbins [100]
>65 437 0.2 NS

Singletary et al. [36] >69 157 1.9 24
Kesseler and  

Seton [35]
>70   82 1.2 11

Berg and  
Robbins [101]

>70 242 2.0 NS

Kraft and Block [102] >75   75 4.5 NS
SEER 1967–1973 [32] >75 NS 0.9 NS
Davis et al. [33] >80   96 3.0   7
NS not stated

Table  38.3  Contraindications to breast-conserving therapy with 
irradiation

Two or more primary tumors in separate quadrants of the breast
Diffuse malignant-appearing microcalcifications
Prior therapeutic irradiation to the breast region that requires 

retreatment to an excessively high total radiation dose
Persistent positive margins after reasonable surgical attempts
Source: American College of Radiology [43]
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A similar age-related difference in the magnitude of ben-
efit achieved with a boost dose of radiation was demonstrated 
in a randomized trial by Bartelink et al. [49] Although the use 
of a boost resulted in a statistically significant reduction in 
local recurrence in all age groups, the absolute benefit ranged 
from 10.4% at 10 years in women aged less than 40 years to 
approximately 3% in those older than 60 years [49].

Although the value of RT in the setting of BCS in the 
general population, and to some extent in elderly patients, 
has been demonstrated, the argument that older age may be 
associated with lower rates of recurrence, less aggressive 
tumor biology, and increased comorbidity has prompted 
investigation into the need for RT after breast-conserving 
surgery in this subgroup of patients. Hughes et  al. [50] 
designed a prospective randomized trial that included 636 
women aged 70 years or older who were randomly assigned 
to receive tamoxifen plus radiation therapy or tamoxifen 
alone to examine the benefit of RT in older women with 
small breast cancers. Eligibility criteria included ER-positive  
clinical stage I (tumor < 2 cm, clinically node negative) breast 
carcinoma treated by lumpectomy. At a follow-up of 5 years, 
the locoregional recurrence rate was 1% in the tamoxifen + 
RT group versus 4% in the tamoxifen alone group (p < 0.001). 
There were no significant differences in the rates of mastec-
tomy, distant metastases, or overall survival between groups 
(Fig.  38.2). These findings suggest that lumpectomy plus 
adjuvant tamoxifen is a reasonable treatment choice for 
women aged 70 years or older with small, ER-positive breast 
cancers.

Practical issues, such as the difficulty in traveling to RT 
appointments daily for 6 weeks, play a significant role in the 
omission of RT in elderly women, and studies have examined 
the feasibility of alternative methods of radiation delivery. 
Kirova et  al. [51] examined outcomes in a retrospective 
study of 367 women aged 70 years or greater treated with 

conventional RT (50 Gy, 25 fractions, 5 fractions weekly) or 
hypofractionated RT, which delivered a total dose of 32.5 Gy 
in five fractions of 6.5 Gy once weekly. At a median follow-
up of 93 months, no differences in breast cancer deaths or 
local-recurrence-free survival were observed between the 50 
patients receiving hypofractionated RT and those treated with 
conventional RT. The 5- and 7-year local-recurrence-free sur-
vival rates were 94% and 91% for the hypofractionated group. 
The Ontario Clinical Oncology Group reported one of the 
first trials of hypofractionation [52] in which 1,234 women 
with node-negative breast cancer and clear margins of exci-
sion after breast-conserving surgery and axillary dissection 
were randomized to accelerated hypofractionated whole-
breast irradiation (AHWBI) of 42.5 Gy in 16 fractions over 
22 days, or a more standard course of whole-breast irradia-
tion (SWBI) of 50 Gy in 25 fractions over 35 days. The study 
was first reported in 2002 with a median follow-up of 5.8 
years. The incidence of local recurrence at 5 years was 3.2% 
in the SWBI arm and 2.8% in the AHWBI arm, with no dif-
ference in cosmetic outcome. These results have been con-
firmed with additional follow-up, suggesting that this is an 
appropriate approach for older women who need to receive 
RT based on higher risk tumor characteristics [52]. In recent 
years, hypofractionation has also been used to deliver partial-
breast irradiation (PBI). PBI is defined as the delivery of 
radiation to the surgical cavity plus a 1–2 cm margin after 
breast-conserving surgery. The rationale for PBI is that most 
local recurrences occur at the primary tumor site or immedi-
ately adjacent to it, rather than elsewhere in the breast. 
Numerous techniques have been developed, including inter-
stitial brachytherapy, a single-source balloon catheter brachy
therapy, three-dimensional conformal treatment with external 
beam, and intraoperative treatment (IORT). However, long-
term outcomes are not yet available for any techniques of 
PBI. In addition, many of the patients selected for PBI are at 
very low risk for local recurrence in the absence of RT, rais-
ing questions as to whether the favorable outcomes reported 
in early nonrandomized studies are applicable to a wider 
spectrum of women with breast cancer. In spite of these con-
cerns, the very brief period of time needed for treatment with 
PBI (5 days, or on the day of surgery in the case of IORT) 
make this an attractive approach for study in elderly women.

Overall, breast irradiation has been shown to be well tol-
erated in the elderly population. A tolerance study by Wyckoff 
et al. demonstrated that radiation dose, duration of therapy, 
number of treatment interruptions, and toxicities were no dif-
ferent in women older than 65 years compared to women 
aged less than 65 years [53]. When considering whether to 
omit breast irradiation after limited surgery, it is important to 
remember that most local failures occur within 6 years of 
surgery, leaving many elderly women at risk of this occur-
rence. Irradiation is well tolerated in the elderly population, 
and chronologic age alone is not an indication for its omis-
sion from breast-conserving therapy. In patients who do not 

Figure  38.2  Overall survival in patients with ER-positive breast 
cancers 2 cm or less in size randomized to treatment with tamoxifen 
alone or tamoxifen plus irradiation. No survival difference between 
groups was observed (from Hughes et  al. [50] Copyright © 2004 
Massachusetts Medical Society. All rights reserved).
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undergo breast irradiation, a wider surgical resection (quad-
rantectomy) appears to decrease the risk of local recurrence.

Sentinel Lymph Node Biopsy

The sentinel node is defined as the first lymph node/s to 
receive drainage from a particular cancer and can be identi-
fied by lymphatic mapping with a blue dye, a radioactive 
tracer, or both. Injection of the breast tissue around the tumor, 
the subareolar space, and the skin overlying the tumor have 
all successfully been utilized to identify a sentinel node. The 
success rate for identification of the sentinel node in 
prospective, multi-institutional studies is greater than 95% 
and improves with experience [54, 55]. When identified, the 
sentinel node is an accurate predictor of the status of the 
remaining nodes in the axilla in more than 90% of cases [54, 
56, 57]. In the American College of Surgeons Oncology 
Group (ACOSOG) Z10 trial, increasing patient age was sig-
nificantly associated with failure to identify a sentinel node 
[55], with the failure rate increasing from less than 1% in 
women aged less than 50 years to 2.7% for those aged 70 
years and older (p = 0.0004). Others have reported excellent 
outcomes for SN biopsy in older patients. Gennari et  al. 
reported a sentinel node identification rate of 100% in 241 
consecutive patients aged 70 years or older who underwent 
sentinel node biopsy [58].

In the past, many elderly patients were not offered axil-
lary staging because the complications associated with axil-
lary lymph node dissection were felt to outweigh the potential 
benefits of the procedure. The sentinel lymph node biopsy 
technique allows patients with clinically node-negative 
breast cancer to undergo axillary staging with a significant 
decrease in morbidity. There are complications associated 
with the procedure, however. After 6 months of follow-up in 
the ACOSOG Z10 trial, decreased range of motion was 
observed in 4% of patients, axillary paresthesias in 9%, and 
lymphedema in 7%. Although paresthesias were more com-
mon in younger women, the incidence of lymphedema 
increased with age [59]. Thus, it is important to ensure that 
knowledge of nodal status is important for overall patient 
management prior to performing a sentinel node biopsy, 
since excellent outcomes have been reported after observa-
tion of the axilla in older women.

The International Breast Cancer Study Group conducted a 
prospective, randomized trial of axillary dissection versus 
observation in women aged 60 years and older [60]. The 
median patient age was 74 years, and all patients received 
tamoxifen. At a median follow-up of 6.6 years, axillary recur-
rence as a first event was observed in 2% of patients and did 
not differ between groups. This low rate of axillary failure is 
particularly noteworthy since most of the study participants 
did not receive radiotherapy. Differences in quality of life 

favoring no axillary surgery were present in the first 6–12 
months postoperatively but were minimal with longer follow-
up. This study indicates that axillary observation is associated 
with a low risk of axillary recurrence but that when axillary 
dissection is necessary, it can be performed with a limited 
effect on quality of life. The impact of knowledge of axillary 
nodal status on treatment has been examined, with changes in 
planned therapy occurring in 14–38% of patients based on 
knowledge of nodal status [61, 62]. In aggregate, these stud-
ies suggest that when knowledge of axillary nodal status will 
not change therapy, axillary observation is a safe approach. 
When axillary staging is indicated, sentinel node biopsy is the 
procedure of choice, and axillary dissection can be safely car-
ried out with acceptable morbidity in patients presenting with 
nodal involvement and those found to have metastases to the 
sentinel nodes. The morbidity of sentinel node biopsy and 
axillary dissection is compared in Table 38.4 [63–65].

Axillary dissection is an effective method for maintaining 
local control in the axilla with isolated axillary failures seen 
in only 1–2% of patients after the procedure [66, 67]. Major 
complications of axillary dissection, including injury or 
thrombosis of the axillary vein and injury to the motor nerves 
of the axilla, are uncommon, although significant short- and 
long-term morbidity are associated with the procedure 
(Table 38.4). Of the potential sequelae of the procedure, lym-
phedema of the arm is potentially associated with the great-
est disability. The incidence of lymphedema following 
axillary dissection ranges from 1.5 to 62.5% [68–71] depend-
ing on the definition used, the length of follow-up, the method 
of detection employed, and the population studied. Several 
studies have suggested that older age is a risk factor for the 
development of lymphedema. Pezner et al. [71] noted lym-
phedema following breast-conserving treatment (including 
RT) in 25% of women aged 60 or older compared to 3 of 46 
younger women (7%) (p = 0.02). Other studies have failed to 
identify an association between age and lymphedema 
[68–70]. Axillary dissection has also been shown to cause 
pain and decreased upper arm mobility [72], factors that can 
cause significant functional impairment in women with pre-
existing limitations due to neurologic disease or arthritis. In 
patients with microscopic nodal involvement, axillary irra-
diation is an alternative to dissection to maintain local con-
trol [73], but in the presence of clinically evident, 

Table  38.4  Comparison of the morbidity of SN biopsy and axillary 
dissection

Symptom SN biopsy (%) Axillary dissection (%)

Pain 8–14 23–72
Paresthesia 2–9 24–85
Decreased Range  

of Motion
0–6 18–27

Lymphedema 1–11   7–69
Source: Data from Lucci et al. [63], Veronesi et al. [65], and Schijven 
et al. [64]
SN Sentinel node
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histologically confirmed nodal disease, axillary dissection 
remains the procedure of choice because failure rates after 
irradiation alone are higher than those seen with surgery in 
this clinical setting.

Primary Endocrine Therapy  
as an Alternative Local Therapy

Because of concerns regarding the morbidity and mortality 
of conventional surgical therapy for breast cancer in elderly 
women with comorbid conditions, considerable attention has 
been given to the use of tamoxifen as a primary treatment. In 
2007, Hind et  al. reviewed the evidence from randomized 
trials comparing primary endocrine therapy to surgery, with 
or without adjuvant endocrine therapy and/or radiation, in 
women aged 70 years or older [74]. Seven studies were 
included in the review, three reporting outcome data on sur-
gery versus primary tamoxifen and four analyzing surgery 
plus endocrine therapy versus primary tamoxifen. Only one 
study selected patients on the basis of ER status. When com-
paring surgery alone to primary endocrine therapy, no sig-
nificant difference in overall survival between interventions 
(HR 0.98, 95% CI, 0.74–1.30, p = 0.9) was noted. One trial 
[75] reported adequate summary data to show a significant 
difference in progression-free survival (PFS) favoring sur-
gery (HR 0.55, 95% CI, 0.39–0.77, p = 0.0006). In the three 
trials comparing surgery plus adjuvant endocrine therapy to 
primary endocrine therapy [76–78], there was a nonsignifi-
cant trend in favor of surgery plus endocrine therapy (HR 
0.86, 95% CI, 0.73–1.00, p = 0.06). Only one trial [77] 
reported adequate data on PFS to calculate a significant dif-
ference favoring surgery plus endocrine therapy (HR 0.65, 
95% CI, 0.53–0.81, p = 0.0001), and two trials [76, 77] 
showed a significant decrease in local recurrence favoring 
surgery plus endocrine therapy (HR 0.28, 95% CI, 0.23–0.35, 
p < 0.00001). These results are summarized in Table  38.5. 
The results of this review are based on a limited number of 
small studies of variable methodological quality, with sig-
nificant heterogeneity among studies. Nonetheless, this 
review demonstrates that primary endocrine therapy is infe-
rior to surgery plus endocrine therapy for the local control of 
breast cancer in ER-unselected, medically fit older women, 
independent of the type of surgery (mastectomy or wide 
excision alone). The meta-analysis showed no significant 
difference in overall survival between the two treatments, 
although one trial showed a small but significant survival 
advantage for surgery with adjuvant endocrine therapy where 
follow-up was extended to 13 years [76]. This review 
suggests that primary endocrine therapy should only be 
offered to women with ER-positive tumors who are not sur-
gical candidates or who refuse surgery. In a cohort of women 

with reduced life expectancy due to significant comorbid dis-
ease, primary endocrine therapy may be an appropriate treat-
ment choice. The ESTEEM trial (Endocrine +/− Surgical 
Therapy for Elderly Women with Mammary Cancer), a 
national trial in the United Kingdom, will evaluate selection 
criteria for the use of primary endocrine therapy and hope-
fully clarify the indications for its use [74].

Systemic Therapy

Adjuvant therapy has come to play an increasingly large role 
in breast cancer management; however, its role in elderly 
women remains controversial. The value of adjuvant sys-
temic therapy (endocrine therapy and chemotherapy) in the 
general population is best estimated from the meta-analysis 
of the Early Breast Cancer Trialists’ Collaborative group 
which now includes 15 years of follow-up on more than 
100,000 women entered on breast cancer clinical trials [79].

Tamoxifen is well established as an effective endocrine 
therapy for postmenopausal, ER-positive women with node-
positive or node-negative breast cancer. The 2005 update of 
the meta-analysis by the Early Breast Cancer Trialists’ 
Collaborative Group (EBCTCG) [79] demonstrated that only 
for ER-positive disease, adjuvant tamoxifen reduced the 
annual breast cancer death rate by 31% in all age groups (50, 
50–69, and, >70 years) and that the absolute risk reduction 
after 5 years of tamoxifen was found to be similar for younger 
and older women [79].

Adjuvant therapy with tamoxifen for 5 years has been the 
standard of care for women with early-stage, endocrine-
responsive breast cancer for many years [79]. However, the 
partial estrogen agonistic activity of tamoxifen and other 
selective ER modulators (SERMs) increases the risk of endo-
metrial cancer and thromboembolic events [80]. Aromatase 

Table 38.5  Primary endocrine therapy for breast cancer

Surgery vs. primary endocrine therapy
Trial Median follow-up (years) HR death (95% CI)

EORTC 10851 10 1.11 (0.75–1.65)
Nottingham 1   5 1.06 (0.59–1.92)
St. Georges   6 0.75 (0.44–1.26)

Surgery plus endocrine therapy vs. endocrine therapy
Trial Median  

follow-up (years)
HR death  
(95% CI)

HR local failure 
(95% CI)

CRC 13 0.78 (0.63–0.96) 0.25 (0.19–0.32)
GRETA   7 0.98 (0.77–1.25) 0.38 (0.25–0.57)
Nottingham 2   5 0.80 (0.73–2.32) Not available
HR hazard ratio; EORTC European Organization for Research and 
Treatment of Cancer; CRC Cancer Research Campaign; GRETA Italian 
Cooperative Group
Source: Data from Hind et al. [74]
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inhibitors (AIs) are an alternate form of endocrine therapy 
that profoundly reduce the already low-circulating endoge-
nous levels of estrogens in postmenopausal women by block-
ing the synthesis of estrogens in nonovarian tissues, including 
breast tissue [81]. AIs have been shown to be similar or supe-
rior to tamoxifen as first-line treatment for locally advanced 
and metastatic breast cancer [82], as well as in the adjuvant 
setting [82–84]. However, the side effect profiles of the AIs 
and tamoxifen differ, with AIs being associated with an 
increased risk of osteoporosis bone fractures and musculosk-
eletal complaints, and tamoxifen with an increased incidence 
of venous thrombosis, endometrial cancer, and cataracts. 
Crivellari et al. [85] have recently investigated whether the 
observed effects of letrozole compared to tamoxifen identi-
fied in the Breast International Group (BIG) 1-98 trial dif-
fered by age to determine whether treatment recommendations 
should be modified for elderly patients. In the elderly, letro-
zole significantly improved disease-free survival and was 
effective in reducing relapses, including distant metastases, 
when compared to tamoxifen; even though no convincing 
differences were observed in thromboembolic or cardiac 
events in the elderly group, data in the older (aged 64–75 
years) cohort indicated that thromboembolic events appeared 
more common with tamoxifen and cardiac events with letro-
zole. Letrozole was also associated with a higher incidence 
of bone fractures, independent of age [85]. The choice 
between an AI and tamoxifen in the individual patient is 
often made on the basis of preexisting conditions, such as the 
presence of significant osteoporosis or a history of deep 
venous thrombosis, which would influence the risk/benefit 
ratio of one of the drugs.

There is considerable controversy regarding the use of 
adjuvant chemotherapy in elderly women. The EBCTCG 
overview [79] only included about 1,200 older women in 
trials of chemotherapy versus no chemotherapy, making it 
difficult to draw firm conclusions about efficacy, although 
the proportional reductions in recurrence and death were 
smaller in older women than in their younger counterparts. 
Chemotherapy is an appropriate treatment for many elderly 
patients with early breast cancer, but its use requires care-
ful consideration of life expectancy, comorbidity, func-
tional status, and other factors. Unlike endocrine therapy, 
toxicity can be substantial with a major effect on functional 
status. For healthy elderly women with hormone-receptor-
negative tumors and life expectancies of at least 5 years, 
chemotherapy should be considered for node-positive 
patients and high-risk node-negative patients; the added 
value of chemotherapy to endocrine therapy can be esti-
mated using the Adjuvant! program (www.adjuvantonline.
com). A sample calculation from Adjuvant! is presented in 
Table 38.6.

Data indicate that women 65 years and older with node-
positive breast cancer treated with newer state-of-the-art 

chemotherapy regimens derive the same proportional bene-
fits in relapse-free and overall survival as younger patients 
[86]; these benefits are more prominent in ER-negative, 
node-positive patients [87]. In comparing the efficacy in 
elderly patients (older than 65 years) of standard (CMF or 
AC) chemotherapeutic regimens versus capecitabine, an oral 
agent thought to be well suited for use in the elderly; Muss 
et al. have recently demonstrated that capecitabine was infe-
rior to standard therapy [88].

Systemic therapy includes endocrine therapy, chemo-
therapy, and more recently, HER2-directed therapy. 
Trastuzumab combined with chemotherapy significantly 
improves survival in HER-2-positive patients compared to 
treatment with chemotherapy alone [89, 90]. Cardiac toxic-
ity, reversible in most cases, is a major side effect of trastu-
zumab, and its incidence increases with age and anthracycline 
use. Elderly patients with HER-2-positive tumors at high 
risk for recurrence should be considered for nonanthracy-
cline trastuzumab containing regimens such as docetaxel, 
carboplatin, and trastuzumab (TCH) if cardiac toxicity is a 
concern [91].

The decision to use adjuvant systemic therapy in elderly 
women must take into consideration coexisting morbidities 
and functional status; these may affect a woman’s ability to 
tolerate breast cancer treatment and may decrease survival, 
regardless of age. The effects of comorbidity on survival can 
be reliably estimated from mathematical models that are 
publicly available [92]. This is important in view of the fact 
that nonbreast cancer causes of death are substantial in 
women aged 70 years and older, even in those with axillary 
nodal metastases [93] (Fig. 38.3).

Table 38.6  ER-positive tumors: 10-year mortality benefit of adjuvant 
treatment compared to no treatment by age and clinical characteris
tics in women of average health with grade 2 tumors (from www. 
adjuvantonline.com, version 7.0 – estimates only)

Size and node status Treatment

Age in years

60 70 80

1.1–2.0 cm,  
node negative

Tamoxifen (%) 2.3 2 1.2
T + CMF or AC (%) 2.7 2.2 1.5
T + 3rd Gen (%) 4.2 3.7 2.3

2.1–3.0 cm,  
node negative

Tamoxifen (%) 4.6 3.9 2.5
T + CMF or AC (%) 5.4 4.6 2.9
T + 3rd Gen (%) 8.7 7.5 4.7

2.1–3.0 cm,  
1–3 nodes

Tamoxifen (%) 8.7 7.4 4.6
T + CMF or AC (%) 10.1 8.7 5.3
T + 3rd Gen (%) 16.9 14.5 9.0

2.1–3.0 cm,  
10 plus nodes

Tamoxifen (%) 12.7 10.8 6.4
T + CMF or AC (%) 15.2 12.8 7.6
T + 3rd Gen (%) 27.1 23 13.8

Source: Data from Muss [103]
CMF cyclophosphamide, methotrexate, 5-fluorouracil; AC doxorubi-
cin, cyclophosphamide; T tamoxifen; 3rd Gen third generation chemo-
therapy (i.e., AC plus a taxane)
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Additional clinical trials are needed to answer questions 
concerning the risks and benefits of adjuvant therapy in 
elders.

Patterns of Care in the Elderly

A number of studies suggest that age at breast cancer diagno-
sis is a major determinant of the type of therapy received. 
Outcome data concerning nonconventional breast cancer 
treatment in the elderly is conflicting, but studies have shown 
that a large portion of elderly patients do not receive conven-
tional treatment for breast cancer. In 2001, Gadjos et  al. 
retrospectively analyzed risk factors, presentation, pathologic 
findings, treatment, and outcomes of 206 women older than 
70 years compared with those of 920 younger patients under-
going potentially curative operations for breast cancer 
between 1978 and 1998 [94]. Patients older than 70 years 
had fewer mastectomies, were less likely to undergo axillary 
node dissection, postoperative radiation, and chemotherapy, 
and received tamoxifen more frequently with no difference 
in rates of local and distant recurrence. In this series, under-
treated elderly patients (54% of patients older than 70 years) 
were significantly older, but despite undertreatment by con-
ventional criteria, the rates of local recurrence and distant 
metastasis were not increased in comparison with conven-
tionally treated elderly patients. Enger et al. [95] also found 
that in their study of 1,859 women older than 65 years, 
women aged 75 years and older or with higher comorbidity 
indices were more likely to receive nonstandard primary 

tumor therapy, to not receive axillary lymph node dissection, 
and to not receive radiation therapy after breast-conserving 
surgery.

More recently, Owusu et al. [96] have investigated whether 
the observed age-related disparities in breast cancer survival 
were related to differences in treatment received, by evaluat-
ing 659 women aged 65 years or older and treated for early 
breast cancer. In accordance with Enger et  al., they found 
that women older than 75 years were less likely to receive 
axillary lymph node dissection, radiotherapy, definitive pri-
mary therapy, chemotherapy, and guideline therapy. This 
translated to a 7% absolute decrease in breast cancer-specific 
survival for women older than 75 years compared to those 
aged less than 75 years. Findings from this study indicated 
that as many as 66% of women aged greater than 75 years, 
and 45% of women aged 65–75 years received less than 
guideline therapy. These data are consistent with previous 
studies that demonstrate receipt of suboptimal therapy among 
elderly patients with early-stage breast cancer [97]. Owusu 
et al. showed that receipt of guideline therapy in the cohort of 
older women with early-stage breast cancer evaluated in their 
study was associated with improved outcomes, particularly 
among the very old.

Healthy vs. Frail Elderly Patients

Almost 30% of all invasive breast carcinomas occur in women 
older than 70 years [98]. By the year 2030, an even larger por-
tion of breast cancer patients will be aged 65 years or older, 
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and many will be affected by comorbid conditions. It is impor-
tant to distinguish healthy from frail elderly patients and to 
develop clinical tools that guide clinicians when planning 
care. The following principles have been proposed for the 
management of frail elderly women. The benefit of screening 
mammography in these patients is questionable, and a clinical 
breast exam is likely to identify breast cancers that warrant 
intervention. Endocrine therapy may be a reasonable primary 
therapy in older, frail women with hormone-receptor-positive 
lesions. For ER-negative and PR-negative lesions, excision of 
the primary tumor may be adequate. Adjuvant endocrine ther-
apy may be appropriate in frail elders with high-risk 
hormone-receptor-positive breast cancer; chemotherapy is 
rarely indicated regardless of tumor status. The majority of 
frail elders with metastases will have hormone-receptor-posi-
tive breast cancers, and endocrine therapy should be consid-
ered; those with receptor-negative tumors may be treated with 
single-agent chemotherapy or supportive care measures. 
Oncologists need to acquire the skills to appropriately iden-
tify frail elders so that they select appropriate therapies that 
will minimize toxicity and maintain quality of life.

Finally, when considering healthy elderly breast cancer 
patients, the data included above suggest that compliance 
with consensus recommendations for definitive locoregional 
treatment, usually defined as breast surgery with evaluation 
of the axillary lymph nodes and radiation therapy in patients 
undergoing breast-conserving procedures, is warranted. 
Standard guidelines for adjuvant systemic therapy, including 
chemotherapy, should also be utilized in this group [99].

Summary

Screening mammography in healthy women up to age •	
75–80 years appears beneficial. It is not indicated in frail 
elders.
Healthy elderly breast cancer patients should undergo •	
surgery of the primary tumor (excision to negative mar-
gins or mastectomy) using standard selection criteria.
Good local control is obtained with excision alone for •	
T1-, ER-positive tumors. Radiotherapy should be given 
for others undergoing breast conserving therapy.
Sentinel node biopsy is the axillary staging procedure of •	
choice for clinically node-negative women if the finding 
of nodal metastases would alter treatment.
Axillary dissection remains standard management for •	
patients with macrometastases in the axilla.
In frail elders, primary endocrine therapy (tamoxifen or •	
an aromatase inhibitor) is the appropriate management of 
hormone-receptor-positive breast cancer.
In the rare frail elderly patient with a hormone-receptor-•	
negative tumor, excision alone may be the appropriate 
therapy.
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Diabetes Mellitus

Diabetes mellitus is a metabolic disease characterized by 
hyperglycemia, resulting from a relative or absolute defi-
ciency of insulin [1]. Type 2 diabetes is the most common 
chronic metabolic disease in the elderly, affecting ~30 million 
individuals 65 years of age or older in developed countries 
[2]. It is estimated that approximately 40% of people over 
the age of 65 have diabetes or impaired glucose tolerance 
(IGT) [3, 4] (Fig. 39.1).

The exact pathogenesis of the development of diabetes in 
the elderly remains unknown; however, epidemiological 
studies have shown that the transition from the normal state 
to overt type 2 diabetes in the elderly is typically character-
ized by deterioration in glucose tolerance [5, 6], which is due 
to relative or absolute insulinopenia. One current hypothesis 
holds that muscle insulin resistance develops with aging and 
leads to increased demand for insulin secretion by the beta 
cells in order to compensate for the insulin resistance. This 
continuous high demand for insulin secretion may over time 
cause beta-cell failure and thereby lead to overt type 2 diabe-
tes. Several studies in the elderly have documented insulin 
resistance, independent on body weight, and found that insu-
lin concentrations are two- to threefold increase in response 
to a standard oral glucose tolerance test (OGTT) [7]. The 
reason for muscle insulin resistance as a consequence of 
aging is still unclear. However, there is now strong cross-
sectional evidence that insulin resistance in muscle can be 
attributed to accumulation of lipids (specific fatty acid 
metabolites such as diacylglycerol), which specifically 
blocks insulin signaling and thereby cause tissue-specific 
insulin resistance [8–12]. Application of magnetic resonance 
spectroscopy (MRS) studies to directly measure intramyo-
cellular lipid content (IMCL) in muscle of healthy, normal 

weight, sedentary older people has shown that the IMCL 
content is ~twofold higher in the older individuals when 
compared with young matched for body mass index and 
activity [7], suggesting a similar relation between increased 
IMCL and muscle insulin resistance in older as in young 
individuals [12]. This lipid accumulation in the muscle cells 
is likely caused by imbalance between delivery of fatty acids 
to the muscle call and the rate of oxidation within the cell. In 
support of this, MRS studies of mitochondrial ATP synthesis 
and basal rates of substrate oxidation via the tricarboxylic 
acid (TCA) cycle in vivo in young and elderly subjects have 
shown that both sides of mitochondrial function are reduced 
by ~40% in the elderly when compared with the young, sug-
gesting that oxidation of lipids within the muscle is reduced 
in normal aging and thereby may be contributing to the build-
up of lipids inside the muscle cell [7] (Fig. 39.2). Other fac-
tors may be involved in causing insulin resistance such as a 
systemic low-grade inflammation and the release of proin-
flammatory factors (adipocytokines) from adipose tissue 
such as adiponectin, IL-6, TNF-alpha, RBP-4, and other 
inflammatory factors, which are elevated in obesity and in 
type 2 diabetes [13]. These factors are not likely to be part of 
the early development of muscle-specific insulin resistance 
and no abnormalities in any of the adipocytokines have been 
found in healthy, normal weight, older individuals [7]. It 
seems likely that increases in adipose tissue mass in obesity 
and type 2 diabetes may contribute to chronic inflammation 
and proinflammatory states by increasing the recruitment of 
macrophages, which in turn, act in a feed forward mecha-
nism to induce the release of proinflammatory cytokines that 
may contribute to systemic insulin resistance [14].

In this context, no signs of systemic inflammation or ele-
vation of circulating adipocytokines have been consistently 
found in lean, young, healthy, insulin resistant offspring of 
parents with type 2 diabetes, a group that has muscle-specific 
insulin resistance [9, 15, 16], strongly suggesting that inflam-
mation is not a primary factor in the early development of 
insulin resistance in muscle [15].

The link between muscle insulin resistance and the 
progression to overt type 2 diabetes is dependent on relative 
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or actual defects in pancreatic beta-cell function such that 
insulin secretion is insufficient for the appropriate lowering 
of postprandial blood glucose. Since pancreatic insulin secre-
tion is a highly energy requiring process, it is currently spec-
ulated that reductions in beta-cell mitochondrial function 
could explain the development of defects in insulin secretion 
in the elderly and thus explain the high prevalence of diabe-
tes in the elderly [7, 17].

The diagnosis of type 2 diabetes mellitus in young and 
elderly is similar as outlined by The Diabetes Expert 
Committee of the American Diabetes Association in 2003 
(Table 39.1). The diagnosis is based on meeting one of three 
criteria: a random plasma glucose of ³200 mg/dL confirmed 
on a subsequent day by a fasting plasma glucose (FPG) level 

of ³126 mg/dL, a 2 h plasma glucose of >200 mg/dL using the 
standardized OGTT (75 g of anhydrous glucose dissolved in 
water), or a random plasma glucose of ³200 mg/dL with asso-
ciated symptoms of polyuria, polydipsia, and unexplained 
weight loss [1]. The guidelines also distinguish a classifica-
tion of altered glucose metabolism called impaired fasting 
glucose (IFG) and IGT to define a category of individuals that 
are at increased risk of developing diabetes over time. The 
diagnosis of IFG is made when an individual has FPG con-
centrations >110 mg/dL but <126 mg/dL, and IGT when 2-h 
plasma glucose values of the OGTT are ³140  mg/dL but 
<200 mg/dL [1].

The ADA recommendations for glucose control are an 
FPG of 70–130 mg/dL and a hemoglobin

A1c
 (Hb

A1c
) level of 

<7.0% in adults [18]. According to past epidemiological 
studies, lowering Hb

A1c
 into a normal range (i.e., <6%) is 

supposed to be associated with a decreased risk of diabetic 
complications. However, recently this has been questioned 
from data suggesting a potential increase in mortality with 
intense glucose lowering strategies in patients with type 2 
diabetes and lowering of Hb

A1c
 to <6% [19]. This study was 

terminated early given an increase in all causes of mortality 
of participants (mean age 62) in the intensive therapy 
group [19]. It is therefore prudent for the clinician to set indi-
vidualized goals for elderly patients based on history of 
severe hypoglycemia, cognitive function, life expectancy, 
and comorbid conditions [18].

Therapeutic management options in elderly individuals 
are similar to those of younger individuals. As in younger 
individuals, dietary interventions and lifestyle modifications, 
including weight loss (medical nutrition therapy or MNT), 
are the cornerstone of diabetic management [18]. Dietary 
recommendations suggest weight loss diets for obese indi-
viduals, including either low carbohydrate (<130 g/day) or 
low fat for overall calorie restriction, a diet consisting of low 
saturated fat (<7% of total calories), a minimum of trans fats 
intake, and <130 g/day of carbohydrates for all diabetic indi-
viduals [18]. An exercise program may have beneficial 
effects on glucose intolerance, blood pressure control, weight 
control, lipid profile, and cardiovascular status [3]. Physical 
activity improves insulin sensitivity by stimulating noninsu-
lin-dependent muscle glucose uptake and increasing sub-
strate oxidation by increasing mitochondrial biogenesis [20, 
21] as well as it improves glucose intolerance in diabetic 
subjects [22]; however, this too should be individualized in 
elderly patients based on functional status [18].

Medical management and therapeutic options are also simi-
lar to the options available in younger individuals. Currently, a 
number of oral medications are available for the management 
of older adults with diabetes (Table 39.2). Sulfonylurea drugs 
are the most widely used. They act initially by increasing pan-
creatic insulin secretion and later enhance insulin sensitivity, 
probably via a postreceptor mechanism [23]. Hypoglycemia is 
the main side effect associated with sulfonylurea drugs. 

Figure 39.1  Prevalence of diabetes and glucose intolerance (reprinted 
with permission from Harris [4]).

Figure 39.2  The road to insulin resistance.

Table  39.1  2003 American Diabetes Association diagnostic criteria 
for diabetes mellitus

Diabetes mellitus
A random serum glucose level ³200 mg/dL plus classic diabetes 

symptoms
Fasting glucose level ³126 mg/dL
Glucose level ³200 mg/dL at 2 h during a standard OGTT

Impaired glucose tolerance (IGT)
Glucose level ³140 mg/dL and <200 mg/dL at 2 h during a standard 

OGTT

Impaired fasting glucose (IFG)
Fasting glucose ³110 and <126 mg/dL



49539  Diabetes in the Elderly

Metformin works primarily by suppressing hepatic glucose 
production (by suppressing gluconeogenesis) and to a lesser 
extent by improving insulin sensitivity [24]. Metformin may 
result in loss of appetite and weight loss, a desirable side effect 
in obese diabetics. It should be avoided in persons over 80 years 
of age and should not be used in individuals with either renal 
insufficiency or heart failure.

The thiazolidinediones (TZDs) is the most recently intro-
duced group of oral antidiabetic agents [25]. These agents 
function as ligands for nuclear receptor transcription factors 
(PPARgamma) that regulate genes involved in lipid metabo-
lism and homeostasis. PPARgamma is preferentially 
expressed in adipose tissue. Activation of PPARgamma leads 
to adipocyte differentiation and improved insulin signaling 
of mature adipocytes. Although the main target for action of 
the TZDs is adipose tissue, their main effect in type 2 diabe-
tes appears to be primarily by enhancing muscle insulin sen-
sitivity [26]. This paradox may be explained by the 
mechanism of action of TZDs, which are fat cell prolifera-
tors and thus by creating more fat cells may act by redistribu-
tion of fat from the intramyocellular compartment into fat 
cells by providing extra storage depots [27]. Muscle insulin 
resistance in type 2 diabetes (and obesity) is likely caused by 
intramyocellular accumulation of lipids (certain fatty acids 
such as diacylglycerol and fatty acyl CoAs), which block 
intracellular insulin signaling and cause muscle insulin 
resistance [9, 10]. The TZDs (rosiglitazone and pioglitazone) 
may be used alone or in combination with other types of 
antidiabetic drugs such as metformin or sulfonylureas as 

well as insulin. The combination of TZDs and metformin for 
the first time allows for direct targeting of the major patho-
logical defects in type 2 diabetes, reducing hepatic glucose 
production and increasing muscle insulin sensitivity (stimu-
lating postprandial muscle glucose uptake). The TZDs are 
generally well tolerated but can, however, cause fluid reten-
tion and are therefore contraindicated in patients with class 
III and IV heart failure [18]. A review of the studies of rosigl-
itazone led the FDA to conclude that this medication might 
increase the risk of heart attacks and angina [28], but left the 
association as inconclusive [29]. Additionally, there is not 
enough evidence that the risk of heart attack and angina is 
any greater with rosiglitazone than with other oral medicines 
used in the treatment of diabetes. Since troglitazone, the first 
generation of TZDs, was associated with liver injury, that 
liver enzymes must be measured before starting therapy and 
periodically thereafter [30].

As type 2 diabetes progresses in older persons adequate 
glycemic control is associated with an increased risk of 
adverse effects as a result of age-related changes in drug 
metabolism. Recently, incretin therapy has become avail-
able as novel oral antihyperglycemic treatment, which may 
prove significant in older persons [31, 32]. Incretins are gut 
hormones secreted from enteroendocrine cells into the 
blood within minutes after eating. The two main categories 
of incretin therapy currently available are: glucagon-like 
peptide-1 (GLP-1) analogs and inhibitors of GLP-1 degrad-
ing enzyme dipeptidyl peptidase-4 (DPP-4). DPP-4 inhibi-
tors are orally active and they increase endogenous blood 
levels of active incretins, thus leading to prolonged incretin 
action. The elevated levels of GLP-1 are thought to be the 
mechanism underlying their blood glucose-lowering effects. 
There is accumulating evidence that use of incretin therapy, 
in particular the DPP-4 inhibitors, could offer significant 
advantages in older persons. Clinical evidence suggests that 
the DPP-4 inhibitors vildagliptin and sitagliptin are particu-
larly suitable for frail and debilitated elderly patients 
because of their excellent tolerability profiles [33]. 
Importantly, these agents lack the gastrointestinal effects 
associated with metformin and alpha-glucosidase inhibitors 
taken alone and have a low risk of hypoglycemia. 
Specifically, sitagliptin has been approved by the US Food 
and Drug Administration (FDA) for use with diet and exer-
cise to improve glycemic control in adult patients with type 
2 diabetes. In randomized, placebo-controlled trials, sita-
gliptin provided a good treatment option for patients with 
type 2 diabetes as a monotherapy, or as an adjunct to met-
formin or a TZD when treatment with either drug alone pro-
vided inadequate glucose control [34]. It is also an alternative 
therapy for those patients who have contraindications or 
intolerability to other antidiabetic agents [34].

If oral agents are contraindicated or patients fail to 
respond, insulin is indicated. Physicians should not refrain 
from initiating insulin therapy in older diabetic patients 

Table 39.2  Currently available oral hypoglycemic agents

Drug Mechanism of action

Sulfonylureas Enhances insulin secretion
Second generation

Glimepiride
Glipizide, sustained release
Glyburide
Glyburide, micronized
Glimepiride

a-Glucosidase inhibitor Slows colonic carbohydrate 
absorption

Acarbose
Miglitol

Biguanide Decreases hepatic glucose 
production; improves 
insulin sensitivity

Metformin
Thiazolidenedione Enhances muscle insulin 

sensitivity
Rosiglitazone
Pioglitazone

Nonsulfonylurea Stimulates insulin secretion
Repaglinide
Nateglinide

DPP-4 inhibitor Prolongs incretin activity
Sitagliptin
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simply because of age, however, insulin use requires that 
patients or caregivers have functional visual, motor, and cog-
nitive skills. Most elderly diabetics do well on insulin injec-
tions [35], but physicians should regularly check the ability 
of their elderly patients to appropriately use the insulin 
syringe. As with all elderly diabetic patients the risk of hypo-
glycemia must be weighed against the benefits of tight glu-
cose control and the realistic reduction of risk from 
microvascular complications. The short-term risk of hyperg-
lycemia including poor wound healing, dehydration, and 
hyperglycemic hyperosmolar coma must also fit into this 
balance making this a decision that the clinician needs to 
consider carefully and on an individualized basis.

Substantial education and continuously monitoring for 
the degree of diabetic control and the development of chronic 
complications is key to the management of elderly diabetics. 
In addition to home glucose monitoring and regular assess-
ments of glycosylated hemoglobin, ongoing care should 
include annual eye examinations, monitoring of renal func-
tion, and regular foot care [18].
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It is an honor to participate in this exciting venture by sharing 
some thoughts and reflections on the changing attitudes and 
approaches to the care of our elder patients who present with 
disorders or symptoms in the ear, nose, oral cavity, throat, 
and eye. Since the publication of the previous volume of this 
text in 2001, there have unquestionably been advances in 
the technical capabilities in all of these areas. However, with 
the  population aged over 65 projected to increase from 
39 million in 2009 to 70 million in 2020 and with the elderly 
currently comprising over 40% of medical specialty care, we 
have a mandate to include training in all medical and surgical 
aspects of geriatric care in our programs in undergraduate, 
graduate, and continuing medical education.

Disorders of the head and neck region are high on the list 
of geriatric impairments that threaten patients’ viability and 
reduce their quality of life, including hearing loss, dizziness 
and vertigo, tinnitus, swallowing disorders, nasal respiratory 
disorders, loss of smell, loss of voice, reduction in vision, 
and neoplasms of this area. The authors of the following five 
chapters have done a superb job of discussing the substantive 
developments and advances in the provision of specialty care 
to the elderly and presenting many recommendations for 
care of specific medical issues in the head and neck region. 
I salute them for their achievements.

Looking back over my 40 year career in clinical otolaryn-
gology, I am grateful for having had the opportunity to 
observe the advances in care of so many diseases that affect 
the elderly. In the area of head-and-neck cancer, we have 
seen the development of the multidisciplinary approach to 
tumor management with tremendous strides in surgery, radi-
ation oncology, and medical oncology. The post-surgical 
rehabilitation of the cancer patient has also improved greatly 
through the introduction of reconstructive regional flaps and 
other techniques. In the area of otology, we have seen the 

development of cochlear implants and other devices and 
techniques that have restored hearing to thousands of elderly 
patients to whom we previously had little to offer. The devel-
opment of functional endoscopic sinus surgery has brought 
relief to millions of elderly patients suffering from chronic 
rhinosinusitis. Finally, the incredible growth of the specialty 
of facial plastic and reconstructive surgery has enabled us to 
rejuvenate many elderly patients who have a strong desire 
for improved cosmetic appearance of the face and neck. Of 
course, these advances have not been without controversy as 
the profession attempts to balance its capabilities with the 
community’s ability to afford them.

One of the most pressing challenges in this area is to 
assess the relevance of traditional ethical principles to the 
provision of compassionate and cost-effective care. We have 
generally been guided by three traditional ethical principles: 
Beneficence: Do only what is good for the patient but no 
harm. Autonomy: The patient has the right to decide what is 
best for her/himself. Justice: The rights of the individual 
need to be considered in the light of what is best for society 
as a whole.

In assessing the relationship between what is best for a 
single patient and what is best for society, a common challenge 
in the practice of many geriatric specialties, one confronts the 
issue of the so-called “technological imperative.” This refers to 
the notion that “everything that can be done must be done.” We 
frequently have to examine the use of procedures in patients 
with limited life expectancy as well as to assess screening pro-
grams that are used to identify diseases that are not likely to be 
treated because of the age of the patient.

As I look back over a 40-year period in training, practice, 
teaching, and administration as mentioned above, I am 
impressed with how our attitudes to care for the elderly have 
changed. As medical students in 1968, we studied and par-
ticipated in the care of numerous geriatric patients but the 
focus was on their specific diseases, rather than on their geri-
atric status. In 1968, life expectancy for an American man 
was 67 years and for an American woman it was 74 years. In 
2009, life expectancy for the man has increased to almost 76 
years and for the woman to almost 81 years. Perhaps more 
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importantly, US National Center for Health Statistics data 
show that the average number of years of life remaining for 
the current 75 year-old man is 11 and for the 75 year-old 
woman is 13. In other words, people are living significantly 
past the period in which they are contributing to the tax base 
that is supporting them and increased longevity has raised 
many financial and logistical issues.

One of the most critical ethical and socioeconomic chal-
lenges in this area relates to access for care for millions of 
elderly. Although the difficulties that confront physicians and 
surgeons in dealing with office and hospital costs are undeni-
able, it is discouraging to read numerous reports of denial of 
care to those unable to pay. While there are many wealthy 
elderly patients who can and should pay for their care, there 
are far more who struggle to pay more than Medicare covers. 
It is disheartening to hear so many reports of physicians clos-
ing their doors to these elderly patients. This is an ironic situ-
ation as these same physicians received their salary support 
from Medicare during their residency and without such sup-
port they would have had tremendous financial debts.

There is no easy resolution for this difficult situation. 
Physicians are bearing the burden of increasing costs of 
practice, including compliance with new regulations that 
appropriately focus on safe and expeditious patient care, as 
well as on HIPAA regulations that propose to protect patient 
confidentiality. However, at the same time, they are fre-
quently seeing reductions in reimbursement for the best care 
that they can provide. Even the most well-intentioned and 
competent physician is stressed to provide cost-effective care 
to all patients who reach out to him/her.

As we confront the issue of access to care, we might note 
that even Hippocrates (466–377 b.c.) had some cogent obser-
vations. In “Precepts”, Part 6 he wrote, “Sometimes give your 
services for nothing, calling to mind a previous benefactor or 
a present satisfaction. And if there be an opportunity of serv-
ing one who is a stranger in financial straits, give full assis-
tance to all such. For where there is love of such, there is also 
love of art. For some patients, though conscious that their 
condition is perilous, recover their health simply through 
their contentment with the goodness of the physician” [1].

Another cogent guideline for addressing the ethical issues 
in geriatric care of the head-and-neck patients is found in the 
writings of the eighteenth century German philosopher, 
Immanuel Kant. His 1785 publication, Groundwork of the 
Metaphysics of Morals included his articulation of the “cat-
egorical imperative” in which he states, “Act only according 
to the maxim whereby you can at the same time will that it 
should become a universal law” [2]. If we were to follow his 
advice, we might view our work with our elderly patients in 
a different light and find it easier to cope with the challenges 
posed by the geriatric community.
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Introduction

Oral health and it’s implications to one’s overall health is 
often overlooked as insignificant or unimportant by the gen-
eral population as well as the ever increasing geriatric popu-
lation. The condition of the anatomical structures in the oral 
cavity (e.g., tongue, palate, teeth, and gums) can reflect the 
general health status of an individual. Although many pathol-
ogies alter the normal flora of the oral cavity in all age groups, 
older individuals typically present with certain changes in 
their oral cavity which are normal for their age [1]. Physicians 
and dental practitioners must be aware of pathologic findings 
versus normal findings in the oral cavity that are consistent 
with aging. Oral changes in the geriatric population have 
widespread implications ranging from the physical to the 
psychological and social well being of the individual.

It has been reported, for example, that the general preva-
lence of oral mucosal disease increases in the elderly popula-
tion [2]. Pre-existing systemic conditions and changes in the 
oral cavity can influence surgical procedures and treatment 
outcomes in this age group. Elective surgical procedures typi-
cally require a thorough knowledge of the patients’ current 

medical status and the past medical history. The oral health 
status should be a vital part of the overall preoperative 
assessment of the geriatric general surgical patient. The inclu-
sion of the oral status evaluation would in many cases prevent 
preoperative, intraoperative, and post operative delays and 
complications. This chapter discusses changes seen in the oral 
cavity of the geriatric sub-population. It is well documented 
that the geriatric population is growing in number. In the United 
States, people are living longer with and without chronic 
ailments requiring surgical intervention. In 1900, 3.1 million 
people or 4% of the population were 65 years or older; by 2005, 
this number had increased to 34.3 million people or 12.4% of 
the population, a tenfold increase in number [1]. In view of 
these statistics, this chapter is written to highlight and guide the 
general surgeon to some of the most common oral findings and 
their surgical implications in the geriatric population.

Changes Associated with Aging  
in the Oral Cavity

The advent of geriatric status in life is associated with changes 
in the oral cavity including xerostomia, worsening periodon-
tal disease, and oral neoplasms. These changes affect the 
individual’s physical, mental, and social status. For instance, 
the loss of teeth makes it difficult for communication, thus 
isolating the individual from his/her usual social environ-
ment. An altered motor performance is noticed in older indi-
viduals, for example, in lip posture, tongue function, 
swallowing and masticatory muscle function [3, 4]. Some of 
the consequences of altered tongue function in older individ-
uals include difficulties in speech, dysphagia, traumatic bite 
injury, and nocturnal mouth breathing that can lead to a form 
of sleep apnea. Further, authors have previously reported that 
difficulty in swallowing can lead to laryngeal food penetra-
tion, regurgitation, and sometimes fatal choking [3]. These 
previously mentioned symptoms need to be taken into account 
before planning surgical procedures in the elderly.

A comprehensive oral examination performed prior to any 
surgical procedure(s) in geriatric patients can help to minimize 
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Alterations in oral motor functions in aging

Parameter Changes with age

Lip posture Drooling, angular cheilosis
Muscles of mastication Efficiency of mastication
Tongue function Speech, dysphagia, traumatic bite injury, 

snoring, sleep apnea
Swallowing Dysphagia, regurgitation, choking
Taste Dysgeusia, ageusia
Salivation No significant changes in healthy older 

patients
Source: Reprinted with permission from Otomo-Corgel [7]. Copyright 
Elsevier (1996)
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complications during the surgery and the post-operative recov-
ery period (this will also minimize the chances for aspiration, 
choking, hemorrhage, and regurgitation). In a study by 
Meurman et al. [5], it was reported that the majority of elderly 
individuals (~70% of 191; age range from 67 to 96 years) liv-
ing at home before hospitalization showed dentogenic infec-
tion foci as evident from panoramic X-rays, although their 
infections did not correlate with infection parameters of blood. 
It was also noted from this study that the majority (96%) of 
dentate individuals had a poor periodontal condition, and 
edentulous individuals had positive yeast counts when com-
pared to dentate individuals (84.4% vs. 66.1%, P < 0.05) [5].

Tooth mobility, if left untreated, can lead to periodontal 
pocket formation between the tooth surface and gingival tis-
sues. Further, this can lead to food accumulation and subse-
quent colonization by bacteria causing localized infection 
with the potential for wider systemic infections (e.g., cardiac 
valvular disease from oral bacterial colonization). The oral 
mucosa becomes more sensitive to mechanical damage as 
age progresses [6]. This may lead to easy bruising, either 
from minimal trauma (e.g., from sharp edges of denture mar-
gins) or nutritional deficiencies. Furthermore, it is also impor-
tant to note that easy bruising of tissues can delay post-operative 
wound healing, thus emphasizing the need to take steps to 
minimize trauma during any surgical procedure. Missing 
teeth, dry mouth, and ill-fitting dentures can lead to a lack of 
social interaction in the elderly. If treatments to these under-
lying causes are not provided, it can lead to a severe lack of 
confidence and depression. Some of the common changes 
seen in the oral cavity of elderly patients are presented in the 
physiology table at the opening of this chapter [7].

Oral Manifestations of Systemic Disorders

Systemic diseases that most commonly affect older adults in 
the developed world are arthritis, cancer, chronic obstructive 
pulmonary diseases, diabetes, heart disease, hypertension, 
mental health conditions, osteoporosis, Parkinson’s disease, 
and stroke [1]. Oral manifestations of systemic disorders and 
the drugs used to treat them can influence surgical treatments 
in the elderly. Further explanation of some of the commonly 
encountered systemic disorders and their consequences on 
treatment decisions is discussed.

Musculoskeletal Disorders: Osteoarthritis, 
Rheumatoid Arthritis, Osteoporosis

According to the World Health Organization, osteoarthritis 
will become the fourth leading cause of disability worldwide 
by 2020 [8]. Authors have reported that the strongest risk 

factor for osteoarthritis is age [9]. Some of the other risk 
factors include an increase in body weight, mechanical 
trauma, and laxity of the surrounding ligaments. It has been 
reported that almost half of the population older than 65 years 
of age suffers from arthritis [1]. One of the major reasons for 
the progression of osteoarthritis is the inability or decreased 
ability of the damaged cartilage to repair following injury. 
Secondary effects of osteoarthritis in the hands include dif-
ficulty in maintaining oral hygiene as a consequence of pain 
and impaired functional ability. This can lead to increased 
incidence of dental caries and periodontal disease in the 
elderly. Poor periodontal health is also known to contribute 
toward higher chances of systemic infections, thus having 
the potential for post-operative complications.

Presence of pain and lack of mobility can prevent people 
with osteoarthritis from visiting their dentist for routine oral 
healthcare. Most likely, a patient with arthritis or other muscu-
loskeletal disorder will be consuming one or more medications 
to treat their illness. Typically, this can include pain killers, 
muscle relaxants, and drugs that prevent bone loss. Dental con-
siderations in patients with musculoskeletal disorders range 
from the appropriate selection of drugs to helping patients with 
their oral hygiene needs. Simple steps including designing 
toothbrushes with large handles or encouraging patients to use 
electric toothbrushes can be beneficial in maintaining oral 
health. It has been reported that before invasive surgical proce-
dures, corticosteroids and antibiotics need to be considered in 
elderly patients [1]. However, these drugs should be used with 
caution due to their systemic effects in the elderly.

Another important and common musculoskeletal disorder 
that affects the elderly includes osteoporosis. Dental consider-
ations in osteoporosis include anecdotal reports of a side effect 
from the introduction of a recent class of drugs known as bis-
phosphonates to treat osteoporosis. These side effects include 
osteonecrosis of the lower jaw in some patients who are con-
suming this class of drugs and have undergone invasive dental 
procedures, although this clinical symptom has been reported 
to be more common in patients who are being treated for 
malignant diseases and who have received high-dose intrave-
nous bisphosphonate therapy [10–12]. The exact mechanism 
that is responsible for the osteonecrosis seen in the jaws is yet 
to be ascertained and further clinical investigations and 
research needs to be carried out to better understand this 
important side effect. Before planning surgical procedures in 
elderly patients, it is important to consider the side effects 
and/or other drug interactions if patients are using this drug.

Cardiovascular Disease and Oral Health  
in the Elderly

Coronary heart disease was and remains the most likely 
cause of death in the geriatric population in the USA [1]. 
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Oral health is correlated with initiation and/or progression of 
many cardiovascular pathologies (e.g., infective endocardi-
tis), along with other factors. Poor periodontal health is one 
of the reasons for loss of teeth in the geriatric population, and 
for the colonization of oral pathogens on cardiac valves. 
Several etiologic factors including family history, lack of 
exercise, high cholesterol, smoking, and genetic factors con-
tribute to cardiovascular disease. From a perspective of den-
tistry, people with fewer teeth generally prefer chewy foods 
including red meat and cakes, and avoid crunchy foods (e.g., 
carrots and dry breads) [13]. Further, high calorie, high fat 
foods can lead to higher chances of obesity and coronary 
heart disease in this population segment. Thus, it can be 
inferred that tooth loss, while not directly related to cardio-
vascular disease, has a significant secondary effect in terms 
of leading to cardiovascular disease (i.e., by choosing foods 
that are high in fat content). From a general surgical perspec-
tive, it is essential to be aware of the patient’s general sys-
temic health including their cardiac condition. Basic 
diagnostic tests including blood pressure, EKG recordings, 
and chest X-rays should be routine practice before invasive 
dental and surgical procedures are carried out in the elderly. 
Patients with certain cardiovascular conditions are typically 
required to take antibiotics prescribed by the American Heart 
Association and/or the American Dental Association before 
invasive dental procedures (e.g., deep scaling of roots, tooth 
extractions, periodontal/oral surgical procedures) [2, 3]. The 
complete list of medications including the recommended 
dosage and regime(s) is available from the published litera-
ture [14, 15]. Wilson et al. [15] advocate improved access to 
dental care and oral health in patients with underlying car-
diac conditions that may be associated with increased risk of 
adverse outcomes from infective endocarditis (e.g., valvular 
heart disease). This will help to minimize the chance of 
infection in the surgical patient.

Diabetes and the Oral Cavity in the Elderly

There are more than 20 million individuals affected by dia-
betes mellitus in the USA [16]. The incidence of adult-onset 
(Type II) type of diabetes is more prevalent in people over 
the age of 50 years. The oral cavity is often reflective of signs 
suggestive of diabetes mellitus, some of which include mul-
tiple periodontal abscesses and slower wound healing fol-
lowing extractions or other oral surgical procedures. 
Full-mouth intra-oral periapical radiographs will usually 
reveal the presence of multiple periodontal abscesses in the 
diabetic patient. Furthermore, other soft tissue condition 
including candidiasis is more prevalent in the oral cavity of 
diabetics with poor glycemic control and denture use [16]. It 
is mandatory that blood sugar levels be determined before 
any invasive surgical procedure(s) in the elderly as it can 

directly affect the duration of post-operative healing in addi-
tion to helping prevent complications (e.g., post-operative 
wound infections).

Mental Health Conditions and the Oral Cavity 
in the Elderly

Mental disorders constitute a range of serious illnesses. 
Among them, some of the important ones that warrant dis-
cussion include Alzheimer’s and Parkinson’s disease as these 
conditions mostly affect the elderly.

Alzheimer’s Disease

Alzheimer’s disease mostly affects the elderly population. It 
is the most common type of dementia and was first described 
by Alois Alzheimer in 1907. The incidence of Alzheimer’s 
includes approximately 10% of older adults over 65 years of 
age and 45% over 85 years of age; the prevalence of this 
disease is expected to double by 2020 given the aging popu-
lation in the USA [17, 18]. The cause of Alzheimer’s 
remains unknown, although there are some reports implicat-
ing the loss of cholinergic neurons. Risk factors can include 
age, family history of dementia, and the presence of both 
ApoE4 alleles. Table 41.1 describes the signs and symptoms 
of Alzheimer’s disease and the recommended dental 
management.

It has been reported that one-half of all patients with 
Alzheimer’s need help with their personal care, and one third 
are eventually hospitalized [17]. Friedlander et al., mention 
that an inability to perform appropriate oral hygiene prac-
tices mainly results from impaired cognition, apraxia, and 
apathy in the middle stages of the disease. The authors also 
mention that there can be marked hyposalivation in these 
patients, especially localized to the submandibular salivary 
gland, and this can lead to symptoms of xerostomia [17]. The 
aim of dental treatment in Alzheimer’s disease is to provide 
a realistic or meaningful solution to the patient’s problems 
that can influence their quality of life positively. Simple pro-
cedures including taking care of sharp or jagged tooth/teeth 
and dentures can be more important initially than restoring 
carious teeth, as this might arouse intense anxiety in 
Alzheimer’s patients. Complex dental procedures including 
tooth extractions and restorative dental procedures need to 
be carefully planned in such patients.

Several drugs that are routinely used in dentistry have been 
known to interact with drugs used to treat Alzheimer’s. For 
instance, Alzheimer’s drugs including Aricept (Donepezil), 
Razadyne (Galantamine), and Exelon (Rivastigmine) have 
been known to interact with non-steroidal anti-inflammatory 
drugs (NSAIDs) by increasing the chances for gastrointestinal 
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(GI) bleeding and irritation. Other commonly used drugs in 
dentistry (e.g., Aspirin, Codeine, Clarithromycin, Erythromycin, 
and Opioid analgesics) have been reported to interact with 
drugs that are used to treat Alzheimer’s disease [17]. It is best 
for the dentist to consult with the patient’s physician to deter-
mine the level of cognition and ability to provide consent, to 
get information related to other underlying medical condi-
tions (e.g., heart disease, diabetes, hypertension), and to com-
plete a drug history before providing dental treatment and 
certifying that the patient is fit to undergo general surgical 
procedures.

Stroke

Stroke is the acute onset of neurological deficits persisting 
for at least 24 h. Two thirds of strokes occur in people over 
the age of 65 years and about 8% of the US population above 
65 years of age has a history of stroke [1, 19]. Stroke or cere-
brovascular accident is a serious medical condition that can 
have adverse effects on an individual’s overall systemic 
health. The primary effects of these diseases might not be 
visible in the oral cavity, although they can have secondary 
effects in terms of deterioration of oral health status because 
of an inability to maintain oral health. This is mostly observed 
on the side of the face affected by stroke, as the individual 
lacks manual dexterity to maneuver the oral cleansing devices 
to clean their teeth. Some of the specific changes that can be 
seen in the oral cavity include halitosis, tooth decay, root car-
ies, gingivitis, periodontal infections, and fungal infections 
(e.g., candidiasis). It is very important to emphasize that 

patients with these diseases need special attention for their 
oral healthcare needs. MacDonald mentions that the incidence 
of root caries increases almost eightfold in patients with neu-
rodegenerative disorders when compared to others living 
within the same community (Fig. 41.1) [20].

The dental professional will have to differentiate between 
a true deterioration of oral health (from a conscious lack of 
maintenance of oral health) and secondary oral health effects 
from an underlying illness (e.g., stroke, Alzheimer’s). In the 
former scenario, patient education might work to reverse 
poor oral health, whereas the latter case will need special 
care in terms of assistance to care for an individual’s oral 
health. During dental treatment, it is especially important in 
patients with stroke to ensure that foreign bodies are not 

Table 41.1  Stages of Alzheimer’s disease, signs, symptoms and dental considerations

Disease stage Signs and symptoms Dental findings Dental management

Early stage Reduced ability to follow instructions 
on the job, driving, shopping and 
housekeeping; require constant 
reminders

Changes in the oral cavity (e.g., 
coronal and root caries, plaque 
buildup) can be seen if the patient 
is unable to remember routine 
activities including maintenance of 
oral hygiene (i.e., brushing and 
flossing)

Routine dental treatment can be provided 
in most patients, aggressive preventive 
dentistry program (e.g., 3 month 
recall, oral examinations, prophylaxis, 
fluoride gel application, adjustment of 
prostheses)

Middle stage Inability to work, easy to get confused, 
language impairment including 
comprehension and naming of 
objects, inability to do simple 
calculations, to tell time and loss of 
simple motor skills such as eating, 
dressing and solving simple puzzles; 
requires daily supervision

High incidence of xerostomia from 
antipsychotic medications, dry 
mouth, mucosal lesions, candidi-
asis, plaque and calculus buildup, 
periodontal disease, root caries, 
and high chances for aspiration 
pneumonia

Main focus of treatment should include 
maintaining dental status and 
minimizing deterioration, aggressive 
preventive dentistry program

Advanced 
stage

Patients may become rigid, incontinent, 
bedridden, present with generalized 
seizures; often require nursing care 
and supervision

High incidence of xerostomia from 
antipsychotic medications, dry 
mouth, mucosal lesions, candidi-
asis, plaque and calculus buildup, 
periodontal disease, root caries 
and high chances for aspiration 
pneumonia

Short appointments, non complex 
procedures; sedation (e.g., benzodiaz-
epines) can be used for complex and 
tedious dental procedures, aggressive 
preventive dentistry program

Figure 41.1  Root caries, partial edentulism, and gingival recession in 
an elderly patient.
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aspirated into the pharynx as they might lack sensation on a 
particular side of their body and hence not have a normal gag 
reflex. Simple steps including talking to the patient slowly 
and not using complex language can be helpful. In addition, 
it is better to schedule dental appointments during the mid-
morning in these patients [1]. It is important to note that elec-
tive and invasive dental procedures are generally deferred for 
a period of about 3 months following a stroke. This needs to 
be considered in a surgical treatment protocol, where the sur-
geon might need the patient to have dental treatment prior to 
a planned surgery.

Nutritional Status and Dental Health  
in the Elderly

The nutritional status of elderly individuals is often compro-
mised when compared to their younger counterparts due to a 
variety of reasons, including a higher incidence of systemic 
illnesses (e.g., diabetes) and medications that suppress the 
immune system. The overall nutritional status of an individ-
ual depends on a number of factors. For instance, it is known 
that gastrointestinal motility/health can be maintained with 
fiber in the diet and it has been reported that the presence of 
teeth will help with fiber intake [21]. However, it can be chal-
lenging for edentulous patients to chew fibrous foods, thus 
leading to higher chances of an imbalance in their general 
systemic health. Softening of foods (e.g., vegetables and 
fruits to assist with chewing in edentulous patients) can lead 
to denaturation of important nutrients including Vitamin C. 
In the long-term, this can lead to systemic illnesses including 
scurvy. Thus, Vitamin C deficiency can be correlated to the 
number of teeth present in the oral cavity. It has also been 
reported that Vitamin C remains one of the key nutrients that 
are missing in edentulous elderly individuals [21]. Figure 41.2 
shows the oral cavity of a malnourished female patient, aged 
78 years with a medical history of hypertension, dysphagia, 
diabetes mellitus, and psychiatric symptoms including 
depression and dementia. In addition to pain, she was unable 
to eat due to chronic periodontal disease and tooth mobility.

Edentulous conditions, when coupled with poor nutrition 
can have other consequences including bone resorption 
(more rapidly in the mandible when compared to the max-
illa) (Fig.  41.3). This makes it difficult to fabricate stable 
mandibular dentures. Studies have shown that edentulous 
elderly patients generally consume less nutritious foods, par-
ticularly less protein, intrinsic and milk sugars, calcium, 
non-heme iron, niacin, and Vitamin C when compared to 
dentate people [21]. In order to improve wound healing fol-
lowing surgery, it is important to include nutritional supple-
ments (e.g., multivitamin tablets, medications to improve the 

hemoglobin content of the blood) in the diets of the elderly. 
It must also be noted that a balanced diet tailored to elderly 
patients based on their chewing capability needs to be 
ensured post-operatively.

Aspiration Pneumonia

Aspiration pneumonia deserves special discussion because 
of the high chance of infection of the lungs from aspiration 
of oral contents and/or foreign objects in the geriatric popu-
lation. This can occur as a result of higher incidence of dys-
phagia, stroke, and other neurological disorders in the 
geriatric surgical patient. Another important etiology for 
aspiration pneumonia includes accidental avulsion and aspi-
ration of teeth from anesthetic intubation procedures during 
the pre-operative surgical preparation. Possible routes of 

Figure 41.2  Oral cavity of a 78-year-old malnourished female patient. 
Note the poor periodontal condition of the teeth.

Figure 41.3  Complete edentulism of mandibular arch with resorption 
of the alveolar ridge in an elderly patient.
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entry for the avulsed teeth can include the trachea to enter the 
lungs or the esophagus to enter the stomach. Appropriate 
emergency measures including locating the tooth/teeth from 
chest or abdominal X-rays and their aspiration or surgical 
removal must be performed immediately. This is especially 
important in elderly patients to avoid pneumonia.

Aspiration pneumonia can lead to serious complications 
in elderly patients due to reduced ability to cope with illness 
from a higher likelihood of being immunocompromised. 
From a surgical perspective, it is important to note that aspi-
ration pneumonia can lead to serious complications post-
operatively (for instance, during the recovery period), and 
aspiration of oral contents including dried salivary debris has 
been known to cause infections and morbidity. One of the 
most common and often ignored changes (in the oral cavity) 
in older individuals is increased tooth mobility. Increased 
tooth mobility (usually associated with periodontal infec-
tions) in the elderly is associated with higher mortality as 
there is a greater chance for aspiration pneumonia.

The relationship between oral health and the mortality 
from pneumonia in an elderly Japanese population has been 
studied [22]. In this study, the authors evaluated 697 indi-
viduals (277 males and 420 females) who were 80 years old 
in 1997. The study results were documented between 1998 
and 2002, during which 180 of the study patients died. 
According to their results, the adjusted mortality due to 
pneumonia was 3.9 times higher in persons with ten or more 
teeth with a probing depth exceeding 4  mm (periodontal 
pocket) than in those without periodontal pockets [22]. Some 
of the other findings reported from this study indicate that 
the number of Candida species on the lingual surface was 
much higher in those who died of pneumonia when com-
pared to other participants [22]. This may be attributed to the 
possibility of an immunocompromised state in this age 
group, leading to resistance against virulent bacteria (mostly 
anaerobic gram-negative bacteria) and subsequent coloniza-
tion by opportunistic pathogens including Candida.

Saliva

Diminished reserve capacity of individual organs (e.g., kid-
neys, gut, respiratory, and salivary glands) is an age-depen-
dent phenomenon [23–25]. A loss of acinar cells of the 
salivary glands takes place with age although the salivary 
flow rate is maintained [23, 26, 27]. These findings might not 
have any adverse consequences during normal function, but 
they can become important in situations common to surgical 
patients: during physiologically stressful circumstances 
including surgery, with disease, and with intake of pharma-
cologic agents (e.g., anticholinergic drugs) that can compro-

mise the reserve capacity of salivary glands [23]. Reduced 
salivary volume can lead to a compromise of its rheological 
properties and consequent decrease in its ability to moisten 
the oral cavity and teeth. This can be a predisposing/contrib-
uting factor for rapid rise in the incidence of dental caries, 
infections and dry mouth.

Xerostomia

Xerostomia is also commonly known as “dry mouth.” 
Although xerostomia can manifest at any age, it has been 
reported that this symptom is especially prevalent in the 
elderly population, particularly over the age of 65  years 
[28, 29]. Some authors suggest that approximately 25–30% 
of the population over the age of 65 years is affected by com-
plaints of dry mouth [29, 30]. The sensation of dry mouth in 
the elderly is related to the use of drugs, radiotherapy, and 
autoimmune diseases including Sjogren’s syndrome [27]. 
Among these previously mentioned causes for xerostomia, 
drugs are known to have significant effects when compared 
to the other two conditions. Clinicians have suggested causes 
for xerostomia [28], although the main etiologic factor 
remains idiopathic in nature. A reduction in the number of 
acini and an increase in the amount of fatty and fibrous tis-
sues as age increases has been reported earlier by investiga-
tors [30]. However, Ship and Turner et al., have mentioned 
that healthy adults (i.e., without any complaints of systemic 
disease) remain relatively free from complaints of dry mouth 
[28, 29, 31].

Xerostomia needs be considered as a significant clinical 
complaint in the elderly because of its potential to affect an 
individual’s daily activities. Thus, this clinical symptom 
needs to be given consideration in the overall treatment plan 
in the geriatric surgical patient. For instance, daily activities 
including wearing of dentures can be painful in patients with 
xerostomia. Furthermore, speaking and eating certain types 
of foods can also be a challenge in patients with xerostomia; 
this can also lead to psychological effects on the individual 
including a lack of social interaction [32].

Oral Mucosal Lesions in the Elderly

It is common to encounter mucosal lesions in the elderly, as 
the general immune response and healing capability of geri-
atric patients are poorer when compared to their younger 
counterparts. Aggressive treatment including patient educa-
tion must be emphasized to treat and prevent oral mucosal 
lesions in the elderly, as this can also affect the general 
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systemic health and surgical treatment decisions. A list of 
some of the commonly seen oral mucosal lesions in the 
elderly is shown in Table 41.2.

The incidence of oral neoplasms also increases with age. 
Some of the common etiological factors include a history of 
smoking, drinking, chewing tobacco, and genetic factors. It 
is important to note that many neoplasms are initially noticed 
in the oral cavity and can be an evidence of metastasis from 
other sites. Often, these tumors require dissection that can be 
disfiguring and alter oral function, thus affecting the general 
systemic health as well as the psychological state of the geri-
atric patient.

Opportunistic Infections

Opportunistic infections are quite common because of under-
lying factors including higher rates of systemic illnesses 
(e.g., diabetes) and a suppressed immune system in the geri-
atric population. Some of the commonly seen opportunistic 
infections in the oral cavity include candidiasis and oral 
manifestations of human immunodeficiency virus (HIV).

Candidiasis

In the United States, the three most common reasons for 
referrals by general dentists of older adults with oral mucosal 
lesions are suspected malignant lesions, inflammatory vesic-
ular lesions and candidiasis [33, 34]. Candidal infection is 
an extremely common and often unnoticed condition in the 
geriatric general surgical patient (Fig. 41.4). Oral candidia-
sis is commonly encountered among denture wearers, in 
debilitation, diabetes, anemia, in those receiving chemother-
apy or local irradiation, in patients consuming corticoster-
oids, or broad–spectrum antibiotics, and smoking [14, 35]. 

It is also seen as a manifestation of other serious illnesses 
including HIV.

The fungus responsible for candidal infections is a nor-
mal part of the oral flora. It is overgrowth of these organisms 
(mostly due to a suppressed immune state) that leads to 
pathology which is often manifested by white, red, or white 
and red surface changes. It often appears under a denture as 
an acutely inflamed area in the exact shape of the denture or 
as white cheese like lesions that can be removed with a 
tongue blade. Candidiasis can be painful along with symp-
toms of halitosis and alterations in taste (dysgeusia). It 
occurs frequently due to improper denture use and mainte-
nance, thus making it hard to diagnose and treat this condi-
tion effectively. There is a high likelihood that patients are 
unaware that they have this condition, although it can be 
long standing. In severe cases, it can be erosive and quite 
painful. Motor and cognitive skills are often diminished in 
the geriatric population, thus making it difficult to treat oral 
candidiasis as the treatments might require active participa-
tion on the patient’s part.

Table 41.2  Oral mucous membrane lesions in the elderly

Problem Cause Treatment

Mucositis/glossitis Systemic disease (e.g., diabetes, hematologic disease/
anemia/leukemia, chronic mouth breathing)

Nutritional deficiencies (especially Vit B complexes)
Adverse drug reactions (e.g., aspirin, antibiotics, 

phenacetin)

Complete blood count and Vit B
12

 evaluation
Rule out xerostomia
Palliative mouthwash prescription, diphenhydramine 

(Benadryl)/kaolin (Kaopectate) in equal parts, 
1-min rinse, then expectorate; or lidocaine 
(Xylocaine viscous) 2%

Infection from  
immunosuppression  
Candidiasis

Systemic disease (diabetes, leukemia) xerostomia
Immunosuppression (prolonged steroid use) antibiotic or 

antineoplastic medications, ill-fitting prostheses

Improved oral hygiene
Antifungal medications

Source: Reprinted with permission from Otomo-Corgel [7]. Copyright Elsevier (1996)

Figure 41.4  Oral candidiasis in a 58-year-old male operated for removal 
of squamous cell carcinoma of the palate. This patient was undergoing 
post-operative radiotherapy of the jaws along with chemotherapy.
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Further, in patients with complicated medical/surgical 
histories, it is important to address systemic symptoms when 
providing treatment for the dental symptoms. For instance, 
radiation and chemotherapy will have the potential to further 
suppress the immune system in these patients, and hence, 
recurrent fungal infections including candidiasis are more 
prevalent in these individuals. Routine dental checkups are 
vital to ensure that the oral cavity is free from infection. The 
patient’s physician should be part of the decision making 
team along with the dentist to provide the best available 
treatment.

It is important to note that the most common causes of a 
candidal overgrowth leading to infection are hyposalivation, 
high blood and salivary glucose, immune suppression, and 
the use of corticosteroids and antibiotics. Immunosuppressed 
patients are particularly predisposed to systemic, invasive 
infections of candidiasis. The gastrointestinal tract, trachea, 
lungs, liver, kidneys, and central nervous system are all 
potential sites for infection in disseminated systemic can-
didiasis and may result in septicemia, meningitis, hepatos-
plenic disease, and endocarditis [4]. It is important to identify 
the primary cause (whether it is denture related, drug related, 
or from an immunocompromised systemic state) and extent 
(local or systemic) of the infection before any treatment rec-
ommendations are made. In the case of localized infections, 
it is essential that the oral cavity be treated first to prevent 
recontamination of the tissues by the denture.

Treatment of oral candidiasis can be topical or systemic. 
The clinician might choose one mode over the other best 
treatment option based on the location and extent of the 
infection or immune status of the patient. Topical treatment 
generally includes Nystatin oral suspension: 100,000 U/ml, 
5  cc swish and spit or swish and swallow (if pharyngeal 
involvement is suspected) for 14 days. This should be per-
formed after meals and before going to bed. An alternative 
topical treatment for oral candidiasis is Clotrimazole troches, 
10 mg, dissolved in the mouth five times a day for 14 days, 
taking care not to eat or drink for half an hour after ingestion. 
Systemic treatment for Candida includes either of the fol-
lowing antifungal medications: Nizoral (Ketoconazole) tab-
lets, 200  mg, once daily with meal for 14  days, Diflucan 
(Fluconazole) tablets, 100 mg, two tablets stat followed by 
one tablet daily for 14 days, or Sporanox (Itraconazole) tab-
lets, 100 mg, twice daily with meals for 14 days.

Oral hygiene and denture hygiene are essential to the res-
olution of the candidal infection. Simple steps including 
reminding patients never to sleep with dentures in their 
mouths (this gives the tissue in the oral cavity time for aera-
tion) can be helpful in preventing future infections. The den-
tures should be thoroughly cleaned daily by soaking them in 
1% sodium hypochlorite solution for 15  min followed by 
rinsing with running water for 2 min before sleeping [36]. It 
is prior to surgery that the geriatric patients may not be as 
capable cognitively and physiologically of responding to a 

Case Study

A 58-year-old male patient that was referred to the dental 
clinic following surgery of the maxilla and palate for 
resection of squamous cell carcinoma is described. The 
tumor had invaded the left portion of the maxilla, hard 
and soft palates, left pterygomaxillary space, and the 
wall of the maxillary sinus. The patient’s personal his-
tory included smoking for a period of 33 years and drink-
ing, while his medical history included anemia and 
hypertension. He was operated for removal of the tumor 
mass, following which he was receiving radiation and 
chemotherapy. A communication between the palate and 
the maxillary sinus was present from the surgical proce-
dure (Fig 41.4). This patient was referred to the dental 
clinic for an oral examination and rehabilitation of his 
oral cavity. During the oral examination, white patchy 
discoloration was observed, mainly on the upper borders 
of the maxillary arch and palatal regions (Fig. 41.4); a 
clinical diagnosis of candidal infection was made. 
Clinical diagnosis of candidal infection(s) can be con-
firmed with a smear or culture [34]. The clinical 

management of this patient included immediate and 
aggressive treatment of his candidal infection, fabrication 
of an obturator (Fig. 41.5) to close the communication 
between the oral cavity and the nasal cavity, educating 
the patient about denture care and the importance of 
maintaining oral hygiene.

Figure 41.5  Maxillary denture incorporating the obturator to seal 
the communication between the oral cavity and orbit for speech and 
nutrition in a 58-year-old patient operated for removal of a tumor.
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fungal infection. Thus, it becomes essential that treatment be 
thorough and complete prior to surgery. This will prevent 
post operative complications and the possibility of an over-
whelming systemic candidal infection.

Human Immunodeficiency Virus

The general surgeon will encounter a greater number of geri-
atric patients with HIV, either those newly infected or those 
with the virus as a chronic illness (the benefit of highly active 
antiretroviral therapy, or HAART). Furthermore, it has long 
been recognized that patients with HIV or AIDS will at some 
point in their disease progression or its chronic state exhibit 
one or more oral manifestations of the disease. It has been 
reported that as many as 90% of individuals with AIDS will 
eventually experience one or more oral lesions [37]. The 
presence of an oral lesion in the HIV patient can be an indi-
cator of a high viral load or failing drug therapy that may 
need to be addressed prior to surgery. The surgeon should be 
aware of the more common oral manifestations of HIV/
AIDS, as their presence may affect the general health of the 
patient and the surgical outcome of a procedure that the 
patient may be undergoing.

Some of the common oral manifestations of HIV/AIDS 
infection include oral candidiasis, hairy leukoplakia, angular 
cheilitis, recurrent aphthous ulcers, gingival disease, warts/
condylomas, Kaposi’s sarcoma, herpes, xerostomia, and sali-
vary gland disease. Oral lesions can act as a conduit for the 
spread of infection and further compromise the immune 
function in AIDS patients, thus accelerating disease progres-
sion and death [38]. Thus, it is critical for the surgeon to look 
for these signs and symptoms, as they may affect his/her sur-
gical treatment decision. The transmission of the virus seems 
to be somewhat different in the geriatric population when 
compared to the general population. The major etiologic fac-
tor for AIDS cases with advancing age include blood and 
blood product transfusion rather than homosexual contact 
and intravenous substance abuse [39].

HIV/AIDS in the geriatric population seems to take on new 
and challenging diagnostic and clinical characteristics, as 
many of the diseases or conditions associated with aging can 
lead to misdiagnosis and delay of appropriate treatment. 
Elderly patients are at an increased risk for contracting other 
infections when there is a diagnosis of HIV/AIDS already, thus 
highlighting its importance in surgical practice [40]. Ship and 
Wolff mention that the geriatric patient with HIV is at increased 
risk for developing other infections as the immune system 
declines in function as a result of the aging process [39].

The increasing prevalence of HIV infection in our general 
and geriatric population makes it important to include oral 
examination in the preoperative evaluation of patients. Often, 

oral lesions are noted as the first indication of HIV/AIDS. In 
the initial stages of the disease, the viral count may be high 
and the CD4 count may be under 200, thus increasing the 
likelihood of the presence of one or more oral manifestations 
in an HIV infected individual. The presence of an oral lesion 
can raise the suspicion of the practitioner to investigate fur-
ther to reach an accurate diagnosis and/or treatment of undi-
agnosed HIV infection. It is common to find HIV patients 
with altered hemoglobin B/hematocrit (HgB/HCT), white 
blood cell (WBC), absolute leukocyte count (ALC), absolute 
neutrophil count (ANC), and platelet counts. These findings 
can lead to higher incidence of intraoperative hemorrhage 
and postoperative infections [41]. Thus, an accurate diagno-
sis has a huge impact on intraoperative and post-operative 
surgical outcomes.

Elderly patients generally have declining social and cog-
nitive skills and might often be incapable of reporting signs 
and symptoms that are a consequence of HIV/AIDS infec-
tions. This can lead to undiagnosed infections for long times 
and affect the health of the geriatric patient. It is vital for the 
physician/surgeon to be aware of the possibility of HIV 
infection in their patients and they must be trained to identify 
this disease and/or its symptoms prior to performing surgery. 
This process must include a review and evaluation of all the 
systems, including the oral cavity. The dentist and the general 
surgeon must consult with each other to make the preopera-
tive evaluation of the geriatric patient accurate and complete 
to ensure acceptable surgical outcomes.

Surgical Considerations in the Geriatric 
Population

Normally, slower rates of wound healing and longer recov-
ery times after surgical procedures can be expected to occur 
in the geriatric population. As mentioned previously, the oral 
mucosa becomes more sensitive to mechanical damage as 
age progresses [6]. Thus, it is important that surgical proce-
dures be performed as non-invasively as possible in the 
elderly. In addition, other factors need to be carefully consid-
ered before embarking on surgical procedures in elderly 
patients. For instance, relying entirely on blood parameters 
of infection might not be sufficient to assume that the patient 
may not harbor a risk for a post-operative infection. The 
presence of dentogenic infection foci can be a positive find-
ing regardless of a lack of infection parameters of blood. 
This might contribute to post-operative infections as the 
patients are generally under stress during the recovery phase 
of the surgery. Thus, it is highly recommended that physi-
cians/surgeons refer geriatric patients for a complete oral 
health check-up before planned surgery. Oral sensorial 
complaints are more prevalent in elderly people who take 
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pharmaceutical drugs when compared to people who do not 
[29]. Surgical considerations in elderly patients include pre 
and post-operative side effects (i.e., Xerostomia, oral ulcers, 
and sensorial complaints) of drugs used during the surgical 
procedure in addition to the effects of other drugs that the 
patient consumes regularly. These side effects can also inter-
fere with other daily activities such as eating, drinking, and 
talking. Table 41.3 provides a list of examination techniques 
that are used to determine if the oral tissues show signs of 
pathology and their surgical implications.

Summary

The components of successful aging are generally consid-
ered to be low probability of disease, avoidance of complica-
tions of chronic diseases, high functional capacity (both 
physical and cognitive), and active engagement with life, 
including interpersonal relationships and productive activity 
[42]. By the year 2030, the population of America is pro-
jected to be around 350 million, and one of every five or 
roughly 20% of these may be 65 years or older [43]. Lamster 
mentions that students currently enrolled in dental schools 
will be within their practice lives by the year 2030, which 

highlights the need for emphasizing geriatric dental education 
in the present curriculum to address needs of this sub-group 
of people in the future [43]. It has been reported that the 
average dental practice would be expected to have about 260 
or more patients 65 years of age or older [44], thus highlight-
ing the need for dentists to be trained in diagnosing and treat-
ing symptoms of illness in the elderly.

Some medical needs of the geriatric sub-population will be 
different when compared to other sections of society. For 
example, comorbidities from some pairs of diseases (e.g., 
arthritis and heart disease), when occurring either alone or at 
the same time in the elderly can significantly increase the risk 
of disability. Diseases such as Alzheimer’s which mostly affect 
the elderly might not have any direct effects on the oral cavity, 
although they can have secondary consequences related to the 
maintenance of optimum oral health. Psychiatric disorders 
including depression and medical conditions that interfere 
with motor skills and coordination (e.g., palsies, cerebrovas-
cular events) can indirectly affect the maintenance of the oral 
health and general systemic health of elderly patients.

In summary, the clinician must be aware of the following 
points before surgically treating geriatric patients:

The surgeon must not rely entirely on blood parameters of •	
infection, but must be trained to look for other sources of 
infection including dental infection foci

Table 41.3  Pre-operative dental evaluation in geriatric surgical patients

Structure Examination Findings Surgical implications

Hard tissue(s) Review of X-rays with probing of 
tooth surfaces

Full mouth series
Panorex baseline for relationship 

between mandible and maxilla

Carious lesions – thinning of enamel, 
tooth erosion

Narrowing of the pulp chamber
Neoplasms (e.g., cotton wool appearance)
Bone cysts (traumatic and pathologic)
Osteonecrosis
Previous fractures
Pathological fractures

Pre and post-operative bacteremia
Avulsion of teeth during anesthetic 

administration
Complicated post-operative course

Documentation of carious lesions 
(both clinical and radiographic)

Deep lesions may penetrate the pulp 
chamber

Pre and post-operative infection

Periodontal bone loss (vertical and 
horizontal); severity

Vertical and horizontal bone loss
Bone spurs and bone lesions

Aspiration of loose teeth

Tooth mobility
Abrasion, erosion, attrition

Periodontal pockets and inflammation Can affect intubation techniques and 
post-operative infections

Soft tissue(s) Visual examination of hard and soft 
palate, oropharynx, tongue 
(dorsal, ventral, and lateral), lip, 
floor of mouth, vascularization 
of oral cavity

Thinning of oral mucosal tissues
Soft tissue lesions (benign and malignant)

Delicate mucosal tissues can be easily 
traumatized during intubation 
procedures leading to pain and 
difficulty when consuming foods

Distant metastases

Lymph nodes (intra-submandibular, 
and extraorally), anterior and 
posterior cervical nodes, 
subauricular, pre and post 
auricular

Can be palpated in inflammatory 
conditions and neoplasms as hard/
indurated masses along the distribution 
of the lymphatic chain

Could delay surgical procedure(s) 
because of an active infection or 
neoplasm

Gingival recession Tooth root exposure Higher chances for bacterial colonization 
on exposed tooth root surfaces, pre 
and post-operative complications
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The surgeon must be aware of the most commonly •	
occurring soft tissue lesions (i.e., oral neoplasms, vesicu-
loerosive disorders, and candidiasis) in the oral cavity of 
elderly patients
It should be mandatory practice for the surgeon to include •	
an oral examination of their patients pre-operatively to 
minimize post-operative complications
The incidence of systemic illnesses and their oral mani-•	
festations is generally higher in the geriatric population 
when compared to their younger counterparts. Some of 
these symptoms include candidal infections from diabe-
tes, immunosuppressed states, lymph node involvement 
from infections, oral neoplasms, and xerostomia from 
drug reactions and denture use.
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Significance of the Problem

The demographic shift towards an older population in the 
USA is well documented and has been discussed in other 
chapters in this text. The number of patients older than age 
85 years (such as in our case vignette) is projected to double 

from 4.7 million in 2003 to 9.6 million in 2030, and by 2050 
to 20.9 million. Ophthalmology as a specialty will be 
disproportionately affected by the demographic shift as the 
most common causes of chronic visual impairment all show 
an increased incidence and prevalence in the elderly popula-
tion. The most common age-related visual problems with 
geriatric ophthalmic surgery implications are cataracts, glau-
coma, diabetic retinopathy, and ARMD. The incidence of 
cataract dramatically increases with age and half of patients 
over the age of 75 will develop a visually significant cataract 
in one or both eyes. One quarter will have the non-exudative 
or “dry” form of ARMD, 5% will have the exudative or “wet” 
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Chapter 42
Geriatric Ophthalmology
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Case Study

An 87-year-old woman presents for a new patient exam 
with blurred vision in both eyes. She and her family feel 
that her vision has progressively worsened over the last 
few months, and she can no longer safely drive a car or 
perform her activities of daily living. They are worried 
about her ability to continue living alone without assis-
tance. The patient complains that her glasses “don’t seem 
to work anymore,” and notes that she has had several 
unexplained falls over the past few weeks. She was last 
seen by an ophthalmologist 1 year ago. She missed mul-
tiple follow up appointments with that ophthalmologist 
because she “couldn’t get a ride,” She did not pursue ther-
apy with them because they told her the problems were 
related to “old age,” that she was “too old to have surgery,” 
and that “nothing could be done” to improve her vision. 
Her prescription for eye drops has since expired. She feels 
depressed about her visual loss and anticipates a loss of 
independence. Her family believes there is a decline in her 
mental function, and that her dementia symptoms are 
worsening, and feel she is intermittently depressed.

She has a past medical history of poorly controlled 
diabetes mellitus, cataract, age-related macular degener-
ation (ARMD), and chronic open angle glaucoma. She is 

on insulin and topical timolol drops in both eyes. She 
smokes one pack of cigarettes per day and has done so 
for 50 years. Her family history is significant for diabe-
tes, glaucoma, and macular degeneration.

On examination, her visual acuity is a slow 20/100 
OD and 20/80 OS. Her external exam shows derma-
tochalasis, and her motility is normal. The pupils are 
normal without a relative afferent pupillary defect. The 
slit lamp examination shows bilateral nuclear sclerotic 
cataracts consistent with 20/70 visual acuity. The 
intraocular pressure is elevated in both eyes at 30 mm 
Hg, and she states she has not taken her eye drops since 
her prescription expired; the patient further observes 
that the drops make her “dizzy” and she is reluctant to 
restart therapy. The optic nerves show glaucomatous 
cupping to 0.8 cup to disc ratio bilaterally with an infe-
rior vertical notch in both eyes. The macula shows 
multiple large macular drusen and mild eccentric geo-
graphic atrophy of the retinal pigment epithelium (RPE) 
consistent with the dry form of ARMD. She has a mild, 
scattered, dot and blot hemorrhages in the posterior pole 
consistent with mild non-proliferative diabetic retinop-
athy. Formal Humphrey Visual Field testing is unreli-
able OD, and the patient is not interested in completing 
the testing OS.
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form of ARMD, and 2–10% will have glaucoma [1–5]. In 
addition, many other blinding disorders (e.g., giant cell 
arteritis, non-arteritic anterior ischemic optic neuropathy, 
cerebral stroke) are diseases primarily of the elderly.

Many of the blinding diseases of the elderly have vision 
preserving or vision saving surgical interventions. The 
Assessing Care of Vulnerable Elders (ACOVE) report shows 
that 40% of blindness among the elderly is either preventable 
or treatable [6]. The recognition and treatment of eye disease 
in the elderly has benefits beyond their visual improvement. 
One such example is falls, a common and significant cause 
of increased morbidity and mortality in the elderly. There is 
clear evidence that visual loss increases the risk of falling in 
older patients [7–10]. The loss of contrast sensitivity, depth 
perception, visual field, or visual acuity all increase the risk 
of falls and fractures [7–10]. The Beaver Dam Eye Study, a 
large epidemiologic study, showed that 943 of 2365 (11%) of 
elderly patients with impaired vision experienced a fall in the 
previous year compared to 4.4% in controls [2].

Visual loss may complicate other systemic comorbidities 
such as hearing loss, depression [11, 12] and anxiety, demen-
tia, or delirium in the elderly patients [13, 14]. Population 
studies have shown that visual impairment affects overall 
health and functioning [15–17], self-esteem, the ability to 
drive, independent functioning, and activities of daily living 
in the elderly [18–23].

Major Ophthalmic Conditions in the Elderly

Age-Related Cataract

A cataract is an opacity that occurs in the native, crystalline 
lens that increases in incidence and prevalence with age. The 
crystalline lens is located behind the iris. The lens is com-
posed of lens epithelial fibers contained by an anterior and 
posterior capsule. It is suspended from the ciliary body by 
zonules, which attach around the equator of the lens for 360°. 
Cataracts scatter and defocus the incoming light and thus can 
produce symptoms of loss of acuity, loss of detail, loss of 
contrast sensitivity, and increased glare. The clear or catarac-
tous lens may be viewed through the pupil with a direct oph-
thalmoscope, but the best tool is a slit lamp biomicroscope. 
Examination by an eye care professional can document the 
severity, type, and progression of cataract. The different 
types of cataract are classified by type and location within 
the lens (e.g., anterior or posterior, cortical, nuclear, or sub-
capsular cataracts) (Fig. 42.1). The treatment for all visually 
significant and symptomatic cataracts is surgical extraction 
with placement of a synthetic or “pseudophakic” intraocular 
lens. The slit lamp appearance of the cataract and the quality 

of the examiner’s view of the fundus through the cataract 
may both be used to estimate a patient’s likely visual poten-
tial after cataract surgery.

The American Academy of Ophthalmology (AAO) has 
developed written and specific guidelines in the form of a pre-
ferred practice pattern (PPP) for the evaluation, management, 
and surgical indications for cataracts. Although there are 
occasional exceptions, cataract surgery is considered an elec-
tive and outpatient procedure. In the elderly patient, the deci-
sion for cataract surgery is dependent upon the severity of the 
cataract, the functional status, the visual needs of the older 
patient, the individual patient’s preferences, and the likelihood 
of improved visual and overall function after surgery [5]. The 
presence of a cataract alone is therefore not a sufficient indica-
tion for surgery. The potential functional impact on the activi-
ties of daily living must be considered in the decision making. 
Chronologic age alone is not a sufficient reason to elect to 
perform or to deny a patient cataract surgery; patients in their 
90s can undergo successful cataract extraction, and frequently 
elect to proceed with subsequent fellow eye surgery.

Modern cataract surgery requires that the patient lie in a 
supine to slight reverse Trendelenburg position for up to an 
hour, though the surgical time is frequently shorter. The 
patient’s face and torso are covered with a surgical drape 
with the surgical eye exposed. Anesthesia may be with topi-
cal agents, a retrobulbar injection, or general anesthesia 
based on patient factors such as anticoagulation, coopera-
tion, and claustrophobia. Either a corneal or a scleral inci-
sion is used, with the surgeon viewing the field through an 
operating microscope. A continuous, circular opening or 
capsulorhexis is created in the anterior capsule, the lens 
removed, and the pseudophakic lens placed within the 
remaining anterior and posterior capsule. Phacoemulsification 
is currently the most common technique in the USA to 
remove the lens material. Ultrasound power is created by 
the vibration of a piezoelectric crystal located within the 
phacoemulsification handpiece, and is used to emulsify the 
lens. The lens fragments are aspirated from the eye through 
the same handpiece. Modern cataract surgery techniques 
are, in general, both well tolerated and efficient, and in the 
vast majority of cases produce an improvement in both 
visual and functional outcome with limited morbidity and 
mortality. Numerous studies have demonstrated the subjec-
tive and objective visual and functional benefit for cataract 
extraction in the overwhelming majority of patients (up to 
92%) [24]. Local, and increasingly topical anesthesia tech-
niques, allow for rapid surgical and recovery times, while 
minimizing the risk to the patient. The procedure itself has 
very low peri-operative and post-operative morbidity (e.g., 
bleeding, infection, increased intraocular pressure, retinal 
detachment, macular edema, need to remove intraocular 
lens) and exceedingly rare mortality. One relatively com-
mon post-operative event is posterior capsular opacification 
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that may occur months to years after surgery. The capsule 
which surrounds the native lens preoperatively and now 
holds the replacement intraocular lens postoperatively may 
develop a secondary opacity (i.e., a posterior capsular opaci-
fication). This opacity may be treated using laser energy to 
produce a central opening in the capsule to clear the visual 
axis (i.e., YAG laser capsulotomy).

Age-Related Macular Degeneration

ARMD occurs most frequently in patients older than 50 years 
of age and increases in incidence and prevalence with increas-
ing age. ARMD is a degenerative condition of the central por-
tion of the retina called the macula, which is located temporal 
to the optic nerve and wreathed by the retinal vascular arcades. 
The receptive cells of the retina, the retinal photoreceptors, are 
supported by an underlying layer of retinal pigment epithelium 
(RPE). The RPE is in turn supplied by the underlying choroi-
dal blood vessels. ARMD involves age-related damage to the 
photoreceptor and pigment epithelial layers of the retina.

ARMD is often classified into the “dry or wet” forms. The 
more common “dry form” presents with a loss of RPE, which 
may progress to geographic atrophy of the RPE within the 
macula, and may be associated with the formation of drusen. 
There is a secondary loss of the overlying photoreceptors 
and a resultant decrease in acuity. Patients with the “dry 
form” of ARMD may be asymptomatic (e.g., macular drusen) 
or may complain of unilateral or bilateral central visual loss. 
The visual loss may be static or slowly progressive and there 
is currently no effective treatment for the “dry form” of 
ARMD. Dry ARMD can be divided into three stages: (1) 
Early dry ARMD (i.e., small drusen or a few medium-sized 
drusen); (2) Intermediate dry ARMD (e.g., many medium-
sized drusen or one or more large drusen); and (3) Advanced 
Dry ARMD with drusen and geographic atrophy of the RPE. 
The less common, but more visually disabling “wet form” of 
macular degeneration involves ingrowth of blood vessels 
from the choroid to the subretinal space (subretinal neovas-
cularization) which leak serous fluid or hemorrhage. Patients 
present with distortion of their vision or sudden vision loss. 
Although age is the greatest risk factor for both forms of 
ARMD, other risk factors for ARMD include smoking, 

Figure 42.1  Cataracts. (a) Nuclear cataract. (b) Cortical cataract. (c) Posterior subcapsular cataract. (d) Posterior capsular opacity after YAG laser 
capsulotomy (photos courtesy of The University of Iowa Department of Opthalmology and Visual Sciences).
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family history, blue eyes, obesity, white race, and female 
gender. The disease ophthalmoscopically is characterized by 
the following typical findings (Fig. 42.2) [25–30]:

	1.	 Macular drusen (i.e., deposits of lipofuscin) under the 
retina forming visible yellow spots on ophthalmoscopic 
exam.

	2.	 RPE hypopigmentation or hyperpigmentation.
	3.	 Geographic atrophy of the RPE and underlying 

choriocapillaris.
	4.	 Exudative neovascular maculopathy (i.e., the “wet form” 

of ARMD) with choroidal neovascularization, serous/
hemorrhagic detachments of the sensory retina or RPE; 
hard exudates or hemorrhages, and subretinal or sub-
RPE fibrovascular proliferation and eventually a disci-
form scar.

There remains no cure for ARMD, but newer preventive 
and therapeutic measures are being developed and tested [25–
30]. Although a full description of the preventive dietary and 
lifestyle changes in ARMD is beyond the scope of this chap-
ter, several studies have shown benefit in specific forms of 
ARMD. In the Age-Related Eye Disease Study (AREDS), a 
combination of antioxidants plus zinc (Table 42.1) was rec-
ommended for those patients with ARMD who are at high 
risk for developing advanced ARMD. These high risk indi-
viduals in this study were defined as those having (1) interme-
diate ARMD changes in one or both eyes characterized by the 
presence of either many medium-sized drusen or one or more 
large drusen or (2) advanced ARMD in one eye only charac-
terized as either a breakdown of the light-sensitive cells and 
supporting tissue (RPE) in the macula (i.e., the advanced “dry 
form” of ARMD), or the development of the abnormal and 
fragile, leaky, new blood vessels under the retina (i.e., the “wet 
form” of ARMD). An eye care professional should examine 
the patient prior to instituting therapy as patients with early 
ARMD did not have benefit from treatment in the AREDS.

The use of the AREDS supplements and other alternative 
and complementary therapies should be discussed with the 
patient and coordinated with their primary care provider. 
There are theoretic and real risks of side effects and drug 
interactions for all medications including vitamin and nutri-
tional supplementation. The higher zinc concentration in the 
AREDS supplements can produce copper deficiency anemia, 
and copper was therefore included in the AREDS formula-
tion. In addition, in the “antioxidants plus zinc” or “zinc 
alone” treatment arms there were genitourinary side effects, 
some of which required hospitalization (e.g., urinary tract 
infections, kidney stones, incontinence, and enlarged pros-
tate) [31]. There is a risk of lung cancer in patients who 
smoke and who also take vitamin A. A “smoker’s formula” 
of the AREDS multivitamins lacking the beta-carotene and 
substituting lutein is now commercially available; this for-
mula was not available during the AREDS trial, and has not 
been clinically tested or found equivalent to the original 
AREDS formula.

As opposed to the “dry form” of ARMD, the “wet form” 
of ARMD is characterized by hemorrhage or exudate from 
new blood vessel formation under the retina (i.e., choroidal 
neovascular membrane). The wet form is considered 
advanced ARMD and therapy with the AREDS multivita-
mins should be instituted. Patients with subretinal neovascu-
lar membranes may be asymptomatic if the lesion is 
extrafoveal, or may be symptomatic with central or 

Figure 42.2  Age-related macular degeneration. (a) Dry form of ARMD characterized by drusen. (b) Wet form of ARMD with subretinal edema 
and exudate produced from an underlying choroidal neovascular membrane.

Table 42.1  AREDS multivitamin plus zinc formula [31]

500 mg of vitamin C
400 IU of vitamin E
15 mg of beta-carotene (often labeled as equivalent to 25,000 IU of 

vitamin A)
80 mg of zinc as zinc oxide
2 mg of copper as cupric oxide
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paracentral visual loss or visual distortion with subfoveal or 
juxtafoveal involvement. These patients often describe dis-
tortion of straight lines (i.e., metamorphopsia), or may have 
changes in image size (e.g., micropsia, macropsia) in addi-
tion to the loss of central acuity and a central scotoma (“blind 
spot”) on visual field testing. The exudative “wet” form of 
ARMD in the past could sometimes be treated with laser 
therapy to eliminate the underlying subretinal neovascular-
ization, but these membranes often recurred. Although the 
laser treatment destroys the fragile, leaky subretinal neovas-
cularization, the laser is also destructive to the surrounding 
healthy retinal tissue and produced acute worsening of vision 
in centrally located (subfoveal) lesions. Only a small per-
centage of people with wet AMD can be successfully treated 
with laser because of the limitations based on total treatment 
size and on SRNVM characteristics. The laser is more effec-
tive for neovascularization that is adjacent to the fovea (jux-
tafoveal) rather than under the fovea (i.e., subfoveal). 
Recurrent membranes and the formation of new membranes 
are common in all locations, and repeated treatments are fre-
quently necessary.

A subsequent adjunct to laser therapy is the use of a pho-
tosensitizing drug called verteporfin [32]. The laser light 
activates the drug within the membrane and enhances the 
laser’s destructive effect on the fragile blood vessels of the 
SRNVM, allowing lower laser power use and producing less 
damage to the surrounding retina.

Modern therapy for “wet” ARMD has rapidly progressed 
and is now based on identified vascular endothelial growth 
factors (e.g., VEGF) that promote subretinal neovasculariza-
tion. Anti-VEGF agents are now injected directly into the 
vitreous cavity, allowing for rapid regression of the neovas-
cular membrane and stabilization or even return of vision. 
A series of multiple injections are frequently necessary. It is 
beyond the scope of this chapter to discuss the details of 
these agents, but early recognition and referral of treatable 
cases of ARMD is essential in both in the “dry” and “wet” 
forms [25–30]. We recommend that all patients with known 
ARMD be given information on the symptoms of ARMD 
progression (e.g., metamorphopsia) and a take home testing 
grid (i.e., Amsler grid), as well as regular monitoring by an 
eye care professional.

Glaucoma

Glaucoma is a common cause of visual loss in the elderly, 
affecting up to 2.5% of the population over the age of 40 years 
with an increasing incidence and prevalence with increasing 
age. Race influences the risk of developing glaucoma;  
glaucoma is present in up to 10% of elderly African Americans 
as compared with 2% of white patients. The etiology and 

pathogenesis of glaucoma remain debated and are likely 
multifactorial. The disease is characterized pathologically by 
the loss of retinal ganglion cells beginning with those that 
pass through the superior and inferior poles of the optic 
nerve. The progressive loss of nerve fibers leads to a specific 
appearance of atrophy of the optic nerve, visible ophthalmo-
scopically as “cupping” of the optic disc (Fig.  42.3). The 
superior and inferior loss present with vertical elongation of 
the cup or even notching of the rim. The classification and 
description of the multiple types of glaucoma is beyond the 
scope of this text, but in general glaucoma is classified based 
upon the appearance of the draining apparatus (anterior 
angle) of the eye. The angle may be open (e.g., open angle 
glaucoma) or closed (i.e., angle closure glaucoma). Both 
forms of glaucoma may be primary or secondary (e.g., due to 
inflammation, trauma, neovascularization, mass effect, etc.). 
Primary open angle glaucoma (POAG) is the most common 
form in the elderly and will be the focus of the remainder of 
our discussion.

POAG is generally an adult disease with a bilateral, but 
often asymmetric presentation. The disease may initially be 
asymptomatic and is slowly progressive [33, 34]. Although 
increased intraocular pressure (IOP) above 21 mmHg is a risk 
factor for glaucoma, it is not the only factor, and some patients 
develop glaucomatous optic atrophy with “normal” pressures 
(i.e., normal tension glaucoma). Conversely, some patients 
with chronically elevated intraocular pressures may never 
develop glaucoma (ocular hypertension). The optic nerve 
damage of glaucoma produces painless, gradual, progressive 
visual field loss in a characteristic pattern. The peripheral 

Figure 42.3  Glaucoma. (a) Glaucomatous cupping of the optic nerve OD.
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Figure 42.3  (continued) (b) Glaucomatous visual field loss as an inferior nasal step OS.
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visual field is affected first, with the scotoma on formal visual 
field testing classically presenting in an arcuate pattern that is 
consistent with damage to the superior or inferior retinal 
nerve fiber layers. The appearance of atrophy of the optic 
nerve should match that expected based on the visual field. 
As opposed to ARMD where central visual loss is often the 
presenting symptom, the visual acuity and central vision tend 
to be preserved until late in the course of glaucoma.

Unfortunately, there is no cure for POAG. Medical treat-
ments to lower the IOP with topical or less commonly sys-
temic agents are the first line of therapy, and are used even in 
patients with borderline or normal IOP, but who have glau-
comatous visual loss. The AAO has a PPP for POAG. In this 
PPP, the AAO recommended a 20% target reduction in IOP 
in POAG with progressive visual field loss and glaucoma-
tous optic nerve damage. The management of POAG in the 
elderly is similar to that in younger patients, but there are 
some special considerations. Topical beta blockers, the pre-
vious “gold standard” of topical therapy, may not be the best 
first line choice in older patients with orthostatic hypotension 
as the beta blockade can cause or exacerbate hypotension, 
mask hypoglycemia in the diabetic, and exacerbate chronic 
obstructure pulmonary disease (COPD). Patients with severe 
degenerative arthritis may have difficulty administering their 
topical medications and might require assistance or special 
accommodations in this regard.

As stated above, glaucoma can occur despite normal IOP. 
In the Collaborative Normal Tension Glaucoma Study Group 
(a multicenter, randomized, and controlled trial), the treat-
ment with IOP lowering agents produced a 20% reduction in 
rate of visual field loss at 3 years and a 40% reduction at 
5 years if the IOP was reduced by 30% compared to untreated 
eyes [35, 36]. As with all treatment decisions, the AAO PPP 
recommends that the choice of treatment take into consider-
ation the patient’s quality of life, physical, visual, medical, 
psychological, and social circumstances [33].

POAG patients who have progression despite maximum 
tolerable medical therapy may require surgical treatment with 
either laser or incisional glaucoma surgery. As with medical 
treatment, the goal of laser or surgical therapy to lower the IOP 
to an acceptable target level is to prevent further loss of vision. 
With laser trabeculoplasty, the laser is applied to the trabecular 
meshwork in the angle of the eye to improve the outflow of 
aqueous fluid from the eye and lower IOP. Various types of 
incisional glaucoma surgery can also be performed (e.g., filter-
ing surgery, tube shunts) to augment or bypass the eye’s normal 
outflow system in the angle and lower IOP to a target level.

Diabetic Retinopathy

Diabetes occurs with increasing incidence with age, thus 
diabetic retinopathy is a common cause of visual loss in the 

elderly [37–41]. Both type I and type II diabetes may produce 
diabetic retinopathy, and because the incidence and severity 
of diabetic retinopathy increases with the duration of sys-
temic disease, older patients are in general at higher risk for 
visual complications from diabetes. There are two types of 
diabetic retinopathy. The first type involves small vessel 
damage with hemorrhage and leakage, but is not associated 
with new blood vessel formation (i.e., non-proliferative dia-
betic retinopathy), and may or may not progress in an indi-
vidual patient to new blood vessel formation (i.e., proliferative 
diabetic retinopathy). The non-proliferative form presents 
with retinal vascular changes, hemorrhages, and exudates 
(Fig.  42.4). Leakage of fluid from retinal microaneurysms 
into the central macula can produce retinal edema and visual 
loss (i.e., diabetic macular edema). Nonproliferative diabetic 
retinopathy without macular edema is usually asymptomatic, 
however. The type II diabetic is more likely to manifest dia-
betic macular edema, although it can occur in either form of 
diabetes. In contrast, proliferative diabetic retinopathy pres-
ents with new blood vessel formation (i.e., diabetic neovas-
cularization) induced by vascular growth factors produced 
by the ischemic retina. These new blood vessels are often 
seen as net-like, friable fronds that can produce intraocular 
bleeding (i.e., vitreous hemorrhage) and secondary visual 
loss. Subsequent neovascular growth vertically into the vitre-
ous scaffold or tangentially along the retina may produce a 
tractional retinal detachment. As the disease progresses, neo-
vascularization may also develop on the iris or within the 
anterior chamber angle, leading to often intractable second-
ary neovascular glaucoma.

There is no medical cure for diabetic retinopathy. Tight 
control of blood glucose is recommended as the first line for 
the prevention and treatment of diabetic retinopathy. The 
Diabetes Control and Complications Trial (DCCT), is a ran-
domized trial of patients with type I diabetes mellitus who 
were assigned either to intensive or to conventional glucose 
control. The aim of the intensive treatment arm was to 
achieve normal or near-normal blood glucose levels and tar-
get optimal glycosylated hemoglobin (hemoglobin A1c) lev-
els. Four years after randomization, the proportion of diabetic 
patients with worsening diabetic retinopathy (e.g., prolifera-
tive retinopathy, macular edema, and the need for laser ther-
apy) was lower in the intensive-therapy group compared with 
controls (odds reduction 72–87%, P < 0.001) [37]. Finally, 
hypertension and hyperlipidemia, often associated with dia-
betes, can both worsen diabetic retinopathy and should be 
optimally treated in patients with diabetic retinopathy.

Although there is no cure for diabetic retinopathy, that 
which reaches specific guidelines may be treated with laser 
therapy. Proliferative diabetic retinopathy may be treated 
with laser throughout the peripheral retina (i.e., panretinal 
photocoagulation) to destroy the ischemic retina and reduce 
the angiogenic stimulus for diabetic neovascularization. 
In contrast, patients with macular edema are treated with 
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focal laser treatments applied directly to the leaking microa-
neurysms or in a grid pattern to diffusely leaking macular 
tissue to reduce diabetic macular edema and improve the 
visual function. Multiple prior studies have demonstrated 
that laser treatment reduces the incidence and severity of 
visual loss and blindness due both to proliferative diabetic 
retinopathy and macular edema, and panretinal photocoagu-
lation for proliferative diabetic retinopathy significantly 
reduced blindness [38–41]. Patients with diabetic tractional 
retinal detachments or non-resolving vitreous hemorrhages 
may also benefit from vitreoretinal surgery (e.g., vitrectomy 
with membrane peel).

Giant Cell Arteritis

Giant cell arteritis (GCA), also known as temporal arteri-
tis, is a systemic inflammatory vasculitis affecting medium 
to large-sized arteries [42]. GCA is a disease of the 
elderly, especially older women. The dreaded complica-
tion of untreated GCA is permanent visual loss, typically 

due to arteritic anterior ischemic optic neuropathy. GCA is 
associated with systemic symptoms including new onset 
headache, scalp tenderness, ear or neck pain, pain with 
chewing (i.e., jaw claudication), and temporal artery pain 
or tenderness. The visual loss in GCA is often severe, and 
can be bilateral and simultaneous, or sequential. Although 
the visual loss is generally due to ischemia of the optic 
nerve (i.e., ischemic optic neuropathy), non-embolic cen-
tral retinal artery, cilioretinal artery, or ophthalmic artery 
occlusions, as well as choroidal ischemia can occur 
(Fig. 42.5). Ischemic optic neuropathy typically occurs in 
the setting of swelling of the anterior portion of the optic 
disc that is visible within the eye (i.e., anterior ischemic 
optic neuropathy or AION), but in GCA the disc may 
appear normal (i.e., posterior ischemic optic neuropathy or 
PION) despite visual loss and evidenced by an optic neu-
ropathy. Specialized testing (e.g., fluorescein angiography) 
may show choroidal perfusion delay in patients with GCA 
and visual loss due to AION or PION.

A stat erythrocyte sedimentation rate (ESR) and/or C-reactive 
protein (CRP) should be performed in patients suspected of 
having GCA, but normal laboratory testing does not exclude 

Figure  42.4  Diabetic retinopathy. (a) Non-proliferative diabetic 
retinopathy characterized by dot and blot retinal hemorrhages and 
macular edema with exudation. (b) Proliferative diabetic retinopathy 

characterized by neovascularization (new blood vessels) and retinal 
traction (courtesy of Thomas A. Weingeist, MD). (c) Periperal laser 
photocoagulation therapy for proliferative diabetic retinopathy.
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GCA. Most patients with GCA have an elevated ESR (typically 
>50  mm/h), and the combination of the ESR and a CRP 
increases the sensitivity and specificity of either test alone.

In general, unless there are strong contraindications to 
treatment, patients suspected of having GCA should begin 
immediate corticosteroid therapy (e.g., oral prednisone at 
1–1.5 mg/kg/day) and be scheduled for a confirmatory tem-
poral artery biopsy with the next few weeks. It is highly rec-
ommended to confirm the diagnosis of GCA by temporal 
artery biopsy as the incidence of steroid related complications 
during treatment is high. When faced with steroid complica-
tions, a history of a positive biopsy reinforces the need to con-
tinue steroid or steroid sparing therapy for a full course of 
treatment. Although a unilateral temporal artery biopsy has a 
sensitivity of about 95% for the detection of GCA, if the clini-
cal suspicion for the diagnosis remains high in the setting of a 
negative biopsy, then a contralateral biopsy should be consid-
ered [42]. Skip lesions, inadequate sample size, or inaccurate 
pathologic interpretation can produce false negative results in 
unilateral or even bilateral temporal artery biopsies.

Non-arteritic Anterior Ischemic  
Optic Neuropathy

In contrast to arteritic anterior ischemic optic neuropathy, 
patients can have ischemic optic neuropathy without GCA. 
The non-arteritic form of anterior ischemic optic neuropathy 
(NAION) is more common than the arteritic form, but the 
diagnosis of GCA should be considered in these patients. 
Like the arteritic form, NAION is characterized by acute uni-
lateral visual loss, an ipsilateral relative afferent pupillary 
defect (RAPD), and a swollen optic nerve. NAION is typi-
cally associated with vasculopathic risk factors (e.g., hyper-
tension, diabetes, smoking, and elevated cholesterol), but the 
precise etiology for NAION remains elusive. The major clin-
ical consideration in AION in the elderly patient is excluding 
GCA (e.g., ESR/CRP and temporal artery biopsy). There is 
no proven effective treatment for NAION and management 
is typically directed against modifying the treatable vasculo-
pathic risk factors and reducing the fellow eye risk for 
NAION.

Figure 42.5  (a) Swollen optic nerve with disc hemorrhage in ante-
rior ischemic optic neuropathy from giant cell arteritis. (b) Fluorescein 
angiogram demonstrating choroidal perfusion delay in choroidal 

distribution consistent with giant cell arteritis [(b), courtesy of  
The University of Iowa Department of Opthalmology and Visual 
Sciences].

(continued)

Case Study:  Resolution

We now return to our 87-year-old patient who presents 
with blurred vision in both eyes. The patient is brought in 
by her family for second opinion of progressive vision 
loss with declining activities of daily living and recent 
falls. This time the appropriate history and examination 
confirm that she had treatable cataracts, and reveal that 
part of her poor compliance with her glaucoma and dia-

betic regimens is because of her vision. Although she has 
a long standing history of poorly controlled diabetes mel-
litus, she now discloses that she is unable to check her 
blood glucose and administer her medications. She under-
goes uncomplicated, sequential cataract extraction with 
intraocular lens placement under topical anesthesia. After 
the cataract extraction, her compliance with monitoring 
and treating her blood glucose improves. Her dizziness 
improves after her topical ocular anti-hypertensive therapy 
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Summary

Non-ophthalmic care providers should be aware of the major 
age-related causes of visual loss in the elderly (e.g., cataract, 
ARMD, glaucoma, diabetic retinopathy, ischemic optic neu-
ropathy, giant cell arteritis), should recognize the key features 
of each disorder, and should refer in a timely and appropriate 
manner to ophthalmology for evaluation and treatment. Visual 
loss has secondary impact on the elderly patient, including 
worsening of co-morbidities such as depression, dementia, fall 
risk, and hearing loss. Treating the visual loss might decrease 
the functional impact of these comorbidities (Table 42.2).
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Introduction

Physiological and anatomical changes with age in the ear, 
nose, and throat have long been the subject of clinical inter-
est; increasingly, they are the subject of basic and clinical 
investigations [1–7]. Nonetheless, the role of alterations in 
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Physiologic changes with age

Parameter Change with age Functional impact of change

The Ear
Cartilage Structural collapse Potential cerumen impaction
Skin Increased hair growth Pruritus

Increased cerumen Potential cerumen impaction
Limited hearing aide use

Ossicles Increased rigidity No known impact
Cochlea Composite hearing loss

Organ of corti Atrophy Hair cell loss
Stria vascularis Vascular changes Neural fiber degeneration

Decreased synapses
Auditory nerve Decreased neurons Hearing loss

Decreased neuron size
Central processing Atherosclerosis Hearing loss out of proportion with audiogram
Utricle and saccule Decreased hair cells Altered otoconia membrane

Altered vestibular reflexes
Otoconial debris Vertigo

Falls/unsteadiness

The Nose

Olfactory epithelium Decreased neurogenesis Composite change in olfaction
Increased respiratory epithelium Decreased olfactory sensation

Danger – detecting noxious odors
Altered nutrition
Quality of life

Decreased olfactory receptor neurons
Decreased olfactory cilia
Atrophy Rhinitis

The Throat

Laryngeal skeleton Decreased elasticity Contribution to voice changes
Increased rigidity Pitch

Smoothness
Projection

Mucosa/lamina propria Increased vocal fold density Vocal instability
Rough phonation
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cells and tissues and distinctions among genetic, pathologi-
cal, environmental, and interactive effects on cellular, tissue, 
and organ function are still emerging [3, 8–13]. Currently, 
presbycusis, presbystasis, presbyosmia, presbylarynx, and 
presbyphonia are the terms used to denote the functionally 
and clinically apparent manifestations of aging changes in 
the ear, nose, and throat [1, 2, 7, 14–18]. Presbyvertigo has 
also been proposed as a relevant term for matters of dizziness 
and falls in older adults though presbystasis is more com-
monly used [18]. Notably, presbypharynx is, while a parallel 
term to represent the manifestations of aging changes in the 
anatomy and physiology of the pharynx, not used in current 
literature. Instead, various uses of senescent swallowing and 
dysphagia predominate in the literature [19].

Research into conditions of the aging ears, nose, and 
throat offers a disparate and inconsistent body of evidence 
that connects aspects of the biology of aging, anatomy and 
histology, and functional changes. Related clinical literature 
has developed differentially, often relying on clinical obser-
vation and correlative science as well as treatment experi-
ence and case series reports. The magnitude of applicable 
science specific to the ears, nose, and throat varies by organ 
and senescent function. Similarly, the quality and quantity of 
translational science is inconsistent. Presbycusis is, for 
example, well studied with science that illuminates func-
tional effects and clinical pearls [1, 20]. Conversely, presby-
phonia and presbylarynx are only recently receiving 
significant attention in basic and clinical science [21]. Even 
with growing evidence of mechanisms, processes, and 
effects, direct translation of this evidence to care of the older 
surgical patient remains limited. Application thus requires 
careful review and interpretation.

This chapter describes important known anatomical and 
physiological changes with aging in the ear, nose, and throat. 
Each organ is addressed separately with focus on relevant 
changes in organ anatomy and physiology, and the chapter 
highlights alterations in function that result in presbycusis, 
presbystasis, presbyosmia, presbylarynx and presbyphonia, 
and senescent oropharyngeal anatomy and physiology, respec-
tively. The sections detailing functional conditions of aging 
conclude with a brief summary of clinical surgical consider-
ations. The chapter concludes with a summary of highlights.

The Aging Ear

Auditory Anatomy and Physiology

Targeted review of the anatomy and physiology of the ear 
predicates understanding presbycusis and presbystasis and 
their impact on function and implications for surgical care 
[1, 2, 7]. This section reviews in sequence the anatomy of the 

ear and aspects of physiology relevant to understanding pres-
bycusis and presbystasis.

External Ear

The external ear, from pinna through ear canal to tympanic 
membrane, captures and intensifies sound in the 2–5 KHz 
range – frequencies in much of human speech – by acting as 
a resonator [15, 16, 22] (see Fig. 43.1). These external struc-
tures change with advancing age. Importantly, cartilage col-
lapses, resulting in somewhat deceptive appearance of larger 
ears for many elders. Further, the tympanic membrane and 
the ossicular chain in the middle ear stiffen, though the 
functional impact is minor. The conductive aspects of hear-
ing promoted by these structures do not change appreciably 
with age [9] (see Fig.  43.2). Instead, concerns that are 
cosmetic and mildly distressing emerge, including larger 

Figure  43.1  The ear and its divisions (reprinted from Lalwani AK. 
Current diagnosis and treatment of otolaryngology, head and neck sur-
gery, 2nd edn, with permission from McGraw Hill Companies).

Figure 43.2  The ear (reprinted from Waxman SG. Clinical neuroanatomy, 
26th edn, with permission from McGraw Hill Companies).
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Figure 43.3  The middle ear 
(reprinted from Lalwani AK. 
Current diagnosis and treatment 
of otolaryngology, head and neck 
surgery, 2nd edn, with permis-
sion from McGraw Hill 
Companies).

pinna size, more apparent cerumen production, and growth 
of excessive hair in the pinna. Cerumen and hair growth 
often result in complaints of pruritus. While these matters 
may seem minor, they may influence acceptance and use of 
hearing aides as well as prove distressing to some older 
adults as they consider changes in appearance.

Middle Ear

Sound perception begins with vibration of the ossicular chain 
[23, 24] (see Figs. 43.2 and 43.3). The tympanic membrane 
and the ossicles (viz. malleus, incus, and stapes) are fairly 
resistant to aging changes unlike larger skeletal bones. Thus, 
age-related considerations and functional impact here are 
minor if they are present at all [23].

Cochlea

The cochlea is the anterior portion of the inner ear, called the 
bony labyrinth, which also contains the vestibule and the 
semicircular canals [15] (see Fig.  43.4). This hollow bone 
contains the neuroepithelium for auditory perception 
(cochlea) and balance perception (vestibule and semicircular 
canals) [16]. This section addresses aging changes in the 
cochlea and the resultant condition of presbycusis. Alterations 
in the vestibule and semicircular canals are discussed in a 
following section to explicate presbystasis as a separate con-
dition of aging in the ear.

A membranous canal, known as the cochlear duct, wraps 
around a central bony core, the modiolus, for two and a half 
to two and three-quarters turns through which the auditory 
nerve fibers penetrate [9] (see Figs.  43.5 and 43.6). The 
cochlear duct is divided into three compartments: the scala 
tympani, scala media, and scala vestibule (see Fig.  43.7). 
The scala media has a fluid composition (endolymph) dif-
ferent from that of the other two compartments (perilymph) 
and contains the organ of Corti, which is the sensory organ 
of hearing [9] (see Fig. 43.5). The organ of Corti rests on the 
basilar membrane, which separates the scala media from the 
scala tympani (see Fig. 43.6). The organ of Corti contains 
afferent nerve endings (about 3,500 inner hair cells), affer-
ent/efferent nerve endings (approximately 12,000 outer hair 
cells), and a variety of other supporting cells. The hair cells 
communicate with the dendritic terminals of the bipolar 
cochlear neurons whose cell bodies are located within the 
modiolus. The hair cells serve as mechanoreceptors, con-
verting the mechanical energy of basilar membrane dis-
placement into an action potential to stimulate the ganglion 
cells. The cochlea’s capacity to analyze periodicity, syn-
chrony rate, phase, and spread of excitation of sound results 
in specific ganglion cell population stimulation and ulti-
mately the perception of sound frequency patterns in the 
auditory cortex. The normal function of the cochlea occurs 
as sound energy in the form of vibrations reaches the oval 
window, the basilar membrane is set into motion and 
vibrates. The stereocilia of the hair cells on the basement 
membrane move and increase the permeability of the hair 
cell to potassium that depolarizes the hair cell (see Fig. 43.8). 
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Figure 43.5  The semicircular canals (reprinted from Lalwani AK. Current diagnosis and treatment of otolaryngology, head and neck surgery, 2nd 
edn, with permission from McGraw Hill Companies).

Figure 43.4  The inner ear in relation to the middle ear structures (reprinted from Lalwani AK. Current diagnosis and treatment of otolaryngology, 
head and neck surgery, 2nd edn, with permission from McGraw Hill Companies).
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A neurotransmitter is released by the hair cell onto the affer-
ent ending of the cochlear nerve leading to a neurological 
signal [23].

Cochlear changes with advancing age result in presbycu-
sis [15, 25]. Among the most significant alterations in anat-
omy and physiology include atrophy in the organ of Corti, 
vascular changes that affect the stria vascularis, and collapse 
of the cochlear duct [9, 26, 27]. These changes lead to hair 
cell loss, neural fiber degeneration, and reduction in number 
of synapses at the base of the hair cells [9, 25]. Accumulation 
of cochlear debris in the spiral bundles, abnormalities of the 
dendritic fibers and their sheaths in the osseous spiral lamina, 
and degenerative changes in the spiral ganglion cells and 
axons follow.

Auditory Nerve

The auditory nerve consists of about 30,000 afferent and 
1,000 efferent bipolar neurons [9]. Ninety-five percent of the 
spiral ganglion is composed of myelinated (type 1) fibers 
that innervate only inner hair cells and nonmyelinated 
(type  2) fibers that innervate outer hair cells. The spiral 
ganglion is the densest at the mid and basal portions of the 
modiolus. The nerve fibers course in the nerve trunk in an 
orderly spatial arrangement (basal fibers located at the 
periphery and inferior portion of the nerve) through the tem-
poral bone into the cerebellopontine angle into the pons to 
enter the cochlear nuclei [22].

Central Auditory Processing

Central auditory processing involves the cochlear nerve, the 
cochlear nuclei, and the auditory cerebral cortical regions [9, 
28]. Through this process, the neuronal signal is appreciated 
as sound and interpreted by the cognitive regions of the brain 
to recognize content [16]. The process is bilateral. Three 
morphologically distinct auditory nuclei are appreciated 
within the pons. Upon entering the pons each fiber divides 
into an anterior branch, which terminates in the anterior part 
of the ventral cochlear nucleus, and a posterior branch, 
which again divides to terminate in the posterior part of the 
ventral cochlear nucleus and the dorsal cochlear nucleus. 

Figure 43.6  The organ of corti 
(reprinted from Lalwani AK. 
Current diagnosis and treatment 
of otolaryngology, head and neck 
surgery, with permission from 
McGraw Hill Companies).

Figure 43.7  The cochlea, cross sectional view (reprinted from Lalwani 
AK. Current diagnosis and treatment of otolaryngology, head and neck 
surgery, with permission from McGraw Hill Companies).
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Cells from these nuclei send axons in a complex pattern 
from the contralateral superior and accessory olive areas to 
the lateral lemniscus, the inferior colliculus, and through the 
medial geniculate body to the auditory cortex in the tempo-
ral lobe [22].

Aging results in decrease in neurons in the cochlear nuclei 
and auditory centers [16]. Neurons decrease in size as well, 
thus altering their physiology. Diseases and injuries that 
alter brain anatomy and physiology – such as cerebral ath-
erosclerosis and stroke or mild cognitive impairment and 
dementia – may further alter central auditory processing 
[16]. Changes in central auditory processing account for 
complaints in hearing that exceed that anticipated by the 
audiogram [29]. These changes are manifest in limited audi-
tory comprehension in noisy environments and in failure of 
simple amplification through hearing aides to remedy com-
plaints of dysfunction [29]. The effects of normal brain 

aging on central auditory processing are a focus of dedicated 
current investigation [20, 30, 31].

Auditory Function

Changes in auditory function resulting in hearing impair-
ment associated with aging is termed presbycusis, a prevalent 
and disabling condition [15]. Presbycusis results largely 
from aging changes in the inner ear and is a form of sen-
sorineural hearing loss. Subtypes, however, can be detected 
on audiogram though the differences are likely to be func-
tionally undetectable. They are sensory, neural, strial, and 
cochlear conductive presbycusis [15, 16]. Conductive hear-
ing loss per se does not play a role in presbycusis. Early 
presbycusis effects high-frequency range, beyond the fre-
quency characteristics of the human voice [15, 16]. Thus, 
early alterations in function are often imperceptible to older 
adults. With advancing age, hearing loss encroaches on the 
speech frequencies. Impairment then becomes consequential 
in daily activities. Despite the expectation of presbycusis, 
hearing loss among older adults is often multifactorial. The 
contribution of central auditory processing changes, along 
with the influence of genetics and family history of congeni-
tal hearing loss, cumulative environmental damage through 
occupational or leisure exposure, and use of ototoxic drugs 
should be considered [9, 10, 22]. Aminoglycosides and some 
chemotherapeutic agents are commonly identified as oto-
toxic medications. Additionally, other drug classes such as 
loop diuretics and beta blockers may damage auditory func-
tion, albeit in a manner that may be reversible [22].

Clinical Implications

Presbycusis, while seemingly peripherally related to surgical 
care, has direct impact on all processes of care from decision 
making through perioperative care to self-care after surgery. 
Gates and colleagues [32] suggest the simple screening ques-
tion “Do you have a hearing problem now?” as the means to 
assess for impairment that results in disabling limitations in 
function. In elective surgeries, opportunity to refer for otolar-
yngologic assessment and clinical audiometric testing should 
result in improved interdisciplinary care. Emergent surgical 
care, conversely, requires anticipation of problems that 
require compensation including decision making, patient 
and family education, and postoperative care and the risk of 
reactions to the environment of care. Importantly, those older 
adults who wear hearing aides require additional support as 
their presbycusis may be inadequately corrected and central 
auditory processing problems unaddressed.

Figure 43.8  A hair cell (reprinted from Waxman SG. Clinical neuro-
anatomy, 26th edn, with permission from McGraw Hill Companies).
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Vestibular Anatomy and Physiology

The vestibule is composed of three semicircular canals, the 
portions of the inner ear that are responsible for balance (see 
Fig. 43.5). The canals are posterior, superior, and horizontal, 
accounting for the dimensions in which the body is positioned 
in the physical environment of space [9, 10]. The otolithic 
organs are the utricle and the saccule; they are structured to 
respond to linear acceleration of the body in space [9, 10, 22]. 
The macula is the sensory portion of the utricle and the sac-
cule. Type II hair cells are those that function in the vestibule 
(see Fig. 43.8). These cells are cylindrical with efferent and 
afferent synapses. Each type II hair cell contains approxi-
mately 50–100 stereocilia and one kinocilium. The kinocil-
ium is located on one end of the hair cell, imparting anatomical 
polarization. Movement of the hair bundle toward the kinocil-
ium causes an increase in the firing rate of the hair cell, while 
deflection away causes a decrease in the firing rate. In the 
lateral semicircular canal, the kinocilium is located near the 
utricle [9, 27]. The opposite is true in the superior and poste-
rior semicircular canals (see Fig.  43.5). Cilia extend from 
hair cells to touch the statoconial membrane. It has a gelati-
nous consistency with calcareous particles embedded in that 
gelatinous layer. The surrounding endolymph has a lower 
specific gravity and, hence when the body accelerates, the 
hair cells of the macula are triggered. The central section of 
the statoconial membrane is called the striola. In the utricle, 
the hair cells are toward the striola. In the saccule, they are 
oriented away from the striola, again accounting for spatial 
dimension and direction of movement. The bipolar vestibular 
neurons create the inferior and superior vestibular neurons 
that merge when entering the brainstem [9, 27]. The vesti-
bule is supplied by the labyrinthine artery.

The vestibular system senses linear and angular accelera-
tion of the body. The semicircular canals sense angular accel-
eration while the otoliths sense linear acceleration. This 
system also coordinates eye–head movement. The vestibulo–
ocular reflex enables focus on an object (see Fig. 43.9). The 
vestibule–spinal reflex accounts for postural placement of the 
body. Together, these physiological functions contribute to a 
sense of the body in space [33, 34]. Together with visual sen-
sation and peripheral nervous system sensation in the feet, the 
vestibular reflexes create the complex sensory-perceptual 
system of proprioception [34]. Vestibular changes with age 
include alterations in the otoconia and in the hair cells 
[12, 18, 35, 36]. Atherosclerosis in the vascular supply and 
decline in the number of neurons in the vestibule further con-
tribute to dysfunction and to altered vestibule–ocular and 
vestibule–spinal reflexes. Nevertheless, direct observation of 
the actual dysfunction is not possible given current assess-
ment technology. Thus, clinical assessment relies on diagno-
sis by exclusion, employing means of inference including the 
caloric reflex test and other forms of electronystagmography 
[13, 18, 34]. These tests attribute vestibular function through 
manipulation of the vestibulo–ocular and the vestibulo–spinal 
reflexes and may create acute discomfort for patients [34].

Vestibular Function

Presbystasis is the condition in which age-related changes 
in the vestibular system result in altered balance and symp-
toms of dizziness and vertigo [2, 7, 18]. Vertigo and dizzi-
ness are common presenting complaints among older adults 
[10, 13, 37–39]. Nonetheless, presbystasis is a diagnosis of 

Figure 43.9  The vestibulo–ocular reflex (reprinted from Lalwani AK. Current diagnosis and treatment of otolaryngology, head and neck surgery, 
with permission from McGraw Hill Companies).
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exclusion as vision and peripheral proprioception contrib-
ute to the sensation of dizziness and vertigo, which may 
culminate in a fall. Agrawal and colleagues [13] provide an 
elegant analysis of the prevalence of vestibular dysfunction 
among adults using a four-step test. The fourth step relies 
on standing on a foam-covered surface with an eye shield 
in place to isolate vestibular function. In their sample drawn 
of over 6,700 adults in the National Health and Nutrition 
Examination Survey, more than a third showed signs of 
vestibular dysfunction and could not remain standing with-
out visual and proprioceptive cues. Prevalence was signifi-
cantly associated with age. Almost half of those aged 60–69 
and more than two-thirds of those aged 70–79, while the 
great majority of those over 80 years showed vestibular 
dysfunction [13]. Thus, the functional state of dizziness is 
likely to be presbystasis among the very old. However, 
aligned conditions such as benign paroxysmal positional 
vertigo (BPPV) and Meniere’s disease must not be excluded 
[10, 37, 38]. BPPV is, in particular, a competing diagnosis 
that may create great distress from the periodic nature of its 
presentation. The mechanism of BPPV is suspected to be 
otoconial debris – which results from aging changes – mov-
ing in the semicircular canals and creating hypersensitivity 
to bodily movement [10, 38, 39]. Despite aging-related ele-
ments, BPPV is considered a separate, narrower condition 
than the breadth denoted by presbystasis.

Clinical Implications

Presbystasis is extremely common and thus an important 
clinical consideration throughout the surgical trajectory [13]. 
It creates risk of both minor and serious injury as well as 
discomforting sensations throughout the process of surgical 
care. Individuals affected by presbystasis then carry a clini-
cally important risk of falling at some time during surgical 
treatment. Individualized plans of care should include atten-
tion to preoperative condition and reconditioning efforts as 
possible, as well as modification of the hospital environment 
and promotion of visual and proprioceptive cues [34]. Aspects 
of surgical care, including pharmacotherapy such as anes-
thetics, analgesics, and diuretics, may interact with altered 
balance and promote the potential to fall. As with presbycu-
sis, elective surgery affords the opportunity for screening 
through preoperative history and physical assessment to gen-
erate appropriate referrals to otolaryngology and physical 
therapy [34]. These referrals aim for specialized assessment 
and discrete diagnosis along with treatment designed to miti-
gate the effects of presbystasis and promote visual and prop-
rioceptive cues with spectacles, well-fitting footwear, and 
similar interventions. In emergency surgery, efforts to modify 
the hospital environment, provide compensatory support and 

supervision, use visual and ambulation aides, and integrate 
rehabilitative interventions for overall physical condition as 
well as vestibular accommodation are paramount.

The Aging Nose

Anatomy and Physiology

The nasal vault lies behind the external structures of the 
nose, through which air passes during respiration [40]. 
Inspired air enters through the nares. The nasal septum 
divides the vault in to two cavities, each of which contains 
three turbinates. Turbinates are rounded projections that 
extend the length of the cavity and labeled by position – 
superior, middle, and inferior. The space or valley below 
each turbinate is named for the turbinate above it. The para-
nasal sinuses drain into the meati. These sinuses, also labeled 
by location, are maxillary, frontal, ethmoid, and sphenoid. 
All the sinuses are lined with a specialized ciliated epithe-
lium that secretes mucus and maintains mucosal flow with 
ciliary movement [41]. Together, the turbinates, mucus, and 
cilia insure humidification of inspired air and prevent gross 
and microscopic debris from entering the lower respiratory 
tract. The aging nose, like the external structures of the 
aging ear, is subject to cartilage collapse [40]. Few other 
changes in the nose are expressly linked to aging, though 
older adults may complain of more frequent rhinitis and 
sinusitis [42, 43]. Atrophic mucosa is a significant factor in 
these processes [41, 42]. The elderly may, as well, be more 
susceptible to nasal allergens and allergic rhinitis despite 
common clinical wisdom that allergen response declines 
with age [43].

The olfactory region is in the superior aspect of the nasal 
vault, a combination of olfactory and respiratory epithelial 
tissue [44–46] (see Figs. 43.10 and 43.11). Olfactory epithe-
lium is organized into pseudostratified columnar shape with 
four cell types constituting this epithelium (viz. ciliated 
olfactory receptor neurons, sustentacular cells, microvillar 
cells of unknown function, and basal cells). Basal cells are 
the stem cell population responsible for differentiating and 
replacing lost olfactory receptor neurons [46]. Olfactory 
respiratory neurons transmit the signal from the odorant mol-
ecules to the central nervous system. Early in life, there is a 
balance between neurogenesis and the lifespan of the olfac-
tory respiratory neurons. With aging, this process of neuro-
genesis degenerates and is no longer one of equilibrium in 
terms of maintenance of the type of the epithelium [44–46]. 
Additionally, there are increased patches of respiratory epi-
thelium, representing a loss of the primary olfactory receptor 
neurons. The boundary between olfactory and respiratory 
epithelium becomes less well-defined with advancing age. 



53343  Anatomic and Physiologic Changes in the Ears, Nose, and Throat

Thus, age-related changes in olfactory function are 
multifactorial and encompass interactions among the compo-
sition of olfactory epithelium, decline in specialized cell 
populations, and decline in olfactory cilia [44, 45].

Olfactory Function

Presbyosmia, loss of the sense of smell with aging, can sig-
nificantly affect safety and quality of life [46]. Loss occurs 
on a continuum and is more correctly labeled by degree: 
anosmia (absent olfactory function), hyposmia (decline in 
olfactory function), and dysosmia (distorted olfactory func-
tion) [47]. Hyperosmia is less commonly noted in older 
adults. Well over half of adults aged 65–80 years of age have 
major olfactory disturbances [44–46]. The potential implica-
tions of olfactory loss are significant and range from inability 
to perceive noxious odors that present threats to environmen-
tal or food safety to depression and anhedonia [46]. 
Nonetheless, many patients are unaware of olfactory changes 
with age, will have no clinical response, and are unlikely to 
report changes to clinicians [46, 48].

Clinical Implications

The aging nose presents few clinical ramifications for 
surgical treatment. Cartilage collapse in the very old may 
challenge the utility of nasal intubation (endotracheal and 
nasogastric) and should be considered by the anesthesiolo-
gist and the surgeon. Effects of presbyosmia in surgical treat-
ment are also limited. Clearly, attention to patients’ 
complaints with otolaryngologic and neurological referrals 
is critical. Abrupt or distinct anosmia, rather than being a 
manifestation of aging changes, may be a sign of Alzheimer’s 
disease as well as possibly being a harbinger of Parkinson’s 
disease [46, 49–52]. Additionally, given the intersections of 
the senses of smell and taste, presbyosmic patients may 
report disabling dysgeusia rather than altered olfaction spe-
cifically [48]. Further, these patients may be malnourished as 
a result of this complex of conditions with commensurate 
risk of immune dysfunction and impaired postoperative 
wound healing. Thus, preoperative assessment of nutritional 
status and referrals to an otolaryngologist and to a registered 
dietician optimize care of patients in elective surgery. The 
same consultations are warranted as soon as possible after 
emergent surgery if presbyosmia, dysgeusia, or consequent 
or multifactorial malnutrition is suspected.

The Aging Throat

Anatomy and Physiology

The anatomy of the larynx, the central anatomical compo-
nent of the throat, comprises a cartilaginous skeleton, internal 
and external muscles, and a mucosal lining [53] (see 
Figs. 43.12 and 43.13). The larynx and pharynx sit below the 
nasopharynx and the oropharynx to form, with the oral cav-
ity and the nasal structures, the upper aerodisgestive tract. 
The thyroid cartilage and the cricoid cartilage are visible 
anteriorly, with the cricoid forming the lower bound and the 
hyoid bone the upper bound of the organ (see Fig. 43.12). 
The two arytenoid cartilages are visible posterolaterally (see 
Fig.  43.12). These cartilaginous elements of the skeleton 
form two joints in the larynx. The cricoarytenoid joint is 
superior and the cricothyroid joint inferior at the posterior of 
the larynx. The vocal folds – or cords – attach to the arytenoids 
and form the glottis as their aperture (see Fig. 43.13). The 
cricothyroid muscles and the smaller vocalis muscle are 
responsible for tension and relaxation of the vocal folds. The 
posterior cricoarytenoid is the abductor of the vocal folds. 
The lateral cricoarytenoid, thyroarytenoid, and arytenoideus 
muscles adduct the vocal folds.

Branches of the inferior and superior thyroid arteries 
supply the larynx. Motor innervations arise from the cranial 

Figure 43.11  Olfactory neuroepithelium – coronal view (reprinted from 
Wrobel BB, Leopold DA. Smell and taste disorders (2004) Facial Plast 
Surg Clin North Am 12(4):459–468, with permission from Elsevier).

Figure 43.10  Olfactory neuroepithelium – sagittal view (reprinted from 
Wrobel BB, Leopold DA (2004) Smell and taste disorders. Facial Plast 
Surg Clin North Am 12(4):459–468, with permission from Elsevier).



534 A.A. Chalian and S.H. Kagan

division of the accessory nerve, which travels with and there-
fore is clinically indistinguishable from the vagus nerve. The 
recurrent branch of the vagus nerve supplies almost all laryn-
geal muscles, save for the cricothyroid muscle that is inner-
vated by the external laryngeal nerve. Sensory innervation is 
achieved through the internal laryngeal nerve above the vocal 
folds and the recurrent laryngeal nerve below them. These 
are branches of the vagus nerve that also supplies parasym-
pathetic innervation.

The skeletal and muscular structures together create the 
form of the larynx [53]. In cross section, from the superior 
most aspect, the larynx begins with the aryepiglottic fold, the 
vestibule and the vestibular fold, the ventricle, the vocal fold, 
and the infraglottic cavity. The larynx is lined with mucosal 
tissue that maintains the humidity of inspired air during res-
piration and phonation, the central functions of the larynx. 
The mucosal lining also contributes to the pitch produced by 
the vibrating vocal folds when inspired air is drawn over 
them, creating phonation [53]. The epiglottis, which is criti-
cal to the laryngeal component in deglutition, sits behind the 
thyroid cartilage. The aryepiglotticus, thyroepiglotticus, and 
thyroarytenoid muscles close the larynx entirely, as during 
deglutition.

The pharynx begins behind the nasal structures, at the base 
of the skull, and extends to the cricoid cartilage [54] (see 
Fig. 43.14). At this point, the pharynx becomes the cervical 

Figure 43.14  The oropharynx and pharynx – sagittal view (reprinted 
from Craven J (2005) Anatomy of the naso- and oropharynx. Anaesth 
Intensive Care Med 6(7):217–218, with permission from Elsevier.

Figure 43.13  The larynx – coronal view. (reprinted from Marchant W 
(2005) Anatomy of the larynx, trachea and bronchi. Anaesth Intensive 
Care Med 6(8):253–255, with permission from Elsevier).

Figure 43.12  The larynx – lateral view (reprinted from Marchant W 
(2005) Anatomy of the larynx, trachea and bronchi. Anaesth Intensive 
Care Med 6(8):253–255, with permission from Elsevier).
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portion of the esophagus. Unlike the complex larynx, the 
pharynx is a muscular tube. The outer anatomy of the phar-
ynx is composed of three circular, skeletal muscle constric-
tors – superior, middle, and inferior. The inner muscular layer 
of the pharynx is composed of the stylopharyngeus, palatopha-
ryngeus, and salpingopharyngeus muscles. Together these 
muscles support the successive contraction necessary to move 
a food bolus to the esophagus. In addition, the inferior con-
strictor maintains tone to function as a sphincter to limit air 
entering the digestive tract. Like the larynx, most motor 
innervation is supplied by branches of the accessory nerve. 
The stylopharyngeus muscle is the sole exception as it is 
innervated for motor and sensory function by the glossopha-
ryngeal nerve. The glossopharyngeal nerve is the sensory 
supply for the pharynx, while the parasympathetic supply 
arises from branches of the vagus nerve. The functions of the 
pharynx and larynx require neuromuscular coordination and 
feedback for functional respiration, phonation, and degluti-
tion, including protection of the respiratory and digestive 
tracts [54, 55].

The oral cavity is delimited anteriorly by the oral labia 
[54] (see Fig. 43.15). The muscles that control the lips and 
thus the oral cavity aperture are levator labii superioris, 
depressor anguli oris, and risorius. The cavity is lined 
with mucosal epithelium that covers the buccal surfaces  
and the hard palate. The transition to the soft palate marks  
the transition to the pharynx. Several muscles form the 
palatal aponeurosis: tensor veli palatini, levator veli palatini, 
palatopharyngeus, uvulus, and palatoglossus. German and 
Palmer [54] note that these muscles coordinate to open or 

close the airway during swallowing and to contribute to 
deglutition itself by altering the shape of the pharynx. The 
oral tongue and 32 permanent teeth are contained within the 
oral cavity. The muscles of the oral tongue include the extrin-
sic muscles – genioglossus, hyoglossus, styloglossus, and 
palatoglossus – which are innervated by hypoglossal and the 
vagus or accessory nerves and the intrinsic fibers – vertical, 
transverse, and longitudinal which are innervated by the 
hypoglossal nerve. The neuromuscular coordination of tongue 
movement is complex and involves the lingual nerve, branches 
of the glossopharyngeal nerve, and the internal laryngeal 
nerve in a minor capacity. The tongue, as well as aspects of 
adjacent structures like the soft palate, is covered with spe-
cialized papillae [56]. These papillae are found in fungiform, 
folliate, and vallate morphologies with a precise distribution 
over the tongue, creating the peripheral taste anatomy 
[48, 56]. Taste sensation is innervated by a branch of the 
facial nerve, the glossopharyngeal nerve, and the internal 
laryngeal nerve [48]. The muscles of the oral floor form the 
inferior boundary of the oral cavity and include digastric, 
mylohyoid, and geniohyoid muscles. Dentition arises from 
the maxilla and mandible, elements of the oral skeleton. The 
functions of the oral cavity are supported by adjacent struc-
tures without which mastication and transit of food are not 
possible. These components of oral function are the salivary 
glands, including the parotid, submandibular, sublingual, and 
minor salivary glands; the nasal structures, most importantly 
the olfactory epithelium with its direct contribution to 
chemosensation; and the muscles of mastication, temporalis, 
masseter, medial pterygoid, and lateral pterygoid [54].

Ageing Changes in Voice Function  
and Swallowing

Voice Function

Presbylarynx is the result of muscular atrophy and decreased 
elasticity in the muscular and skeletal components of the 
larynx [57, 58]. In fact, these changes begin early and are 
noted on examination as early as the fifth decade of life 
though functional effects are not noted by the individual 
potentially until the eighth or ninth decade of life if ever. 
Bowing of the vocal fold is the primary physical change. 
This bowing alters the aperture of the folds and results in 
incomplete closure causing a glottic gap. Other ligamentous 
and cartilaginous structures of the larynx are further altered 
with advancing age. The cartilaginous skeleton and joints 
ossify and the joints may become arthritic and dysfunc-
tional. Microscopically, fibroblasts in the lamina propria 
may senesce and lose elasticity [17]. The lamina propria 
becomes denser as it produces less hyaluronic acid and more 

Figure 43.15  The oral cavity (reprinted from Craven J (2005) Anatomy 
of the naso- and oropharynx. Anaesth Intensive Care Med 6(7): 
217–218, with permission from Elsevier).
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collagen. These changes alter the vibratory characteristics 
of the vocal folds [17, 53].

The voice changes experienced by older adults with 
advancing age are termed presbyphonia [17, 53]. The altera-
tions in the laryngeal skeleton and function of the vocal folds 
include poor projection, shorter duration of phonation, and 
vocal roughness or instability. Importantly, presbyphonia is a 
diagnosis of exclusion [53]. It is the least common cause of 
vocal disturbance among older adults, accounting for approx-
imately ten percent of voice complaints. More commonly, in 
order of incidence, older adults will suffer benign polyps, 
malignant vocal cord lesions, vocal cord paralysis, or 
functional dysphonia [53]. Neurodegenerative conditions, 
such as Parkinson’s disease, also frequently create signifi-
cant vocal dysfunction [53].

Oropharyngeal Function

Oropharyngeal function in later life is less a matter of tis-
sue senescence [11, 54, 59, 60]. Dysfunction emerges more 
often as a product of “wear and tear” in the oral cavity with 
contributions of effects of local and systemic disease as 
well as treatment side effects of discrete functions like sali-
vation [59]. Evidence points increasingly to decreased 
edentulism and increased functional dentition (i.e., 20 or 
more teeth) among older adults in both community and 
residential settings. Taste sensation likely remains rela-
tively robust in the absence of pathology or significant 
presbyosmia [48]. Notably, as many as a third of all older 
adults experience xerostomia [60]. Nevertheless, age-
related changes in salivary production are often indistin-
guishable from primary salivary disease and the 
contributions of medications with antihistamininergic and 
anticholingeric effects. Percival [61] notes that microbial 
flora of the oral cavity remain stable with age, all other fac-
tors being equal. However, conditions like xerostomia, 
changes in dentition and oral hygiene, and significant local 
disease, such as oral premalignant and malignant lesions, 
and systemic diseases including acute problems such as 
pneumonia and chronic concerns like Alzheimer’s disease 
and Parkinson’s disease may alter oral flora, salivary pro-
duction, and functional capacity to perform hygiene [59–
61]. As a result, oropharyngeal dysfunction among older 
adults is most often a complex and progressive cycle of 
direct and indirect functional changes [61]. Importantly, 
specific age-related alteration in taste is rarely noted, though 
Fukanaga and colleagues suggest that loss of taste percep-
tion may play a role in dysgeusia [62]. Dysguesia is more 
likely the result of presbyosmia or the effects of disease or 
its treatment that impairs olfaction, tastes, or both or effects 
contributory functions like salivation [11, 48, 54, 60]. Hall 
[11] notes that age-associated neuromuscular decondition-

ing or disease may result in oropharyngeal dyskinesia. 
There are resultant and often severe risks of dysphagia and 
aspiration, especially in stroke or with progressive neuro-
degenerative disease.

Clinical Implications

Presbylarynx and presbyphonia have circumscribed effects 
on surgical treatment. For patients who are distressed by 
presbyphonia, anxiety about being misunderstood or sub-
jected to discrimination because of the “old” quality of their 
voices is likely real and thus a warranted concern. Attention 
to communication, discrete consideration of the basis for 
clinical decisions, and appropriate referrals to an otolaryn-
gologist are important elements in addressing presbyphonia. 
Concerns about endotracheal intubation for surgery, given 
skeletal changes in the larynx, are probably theoretical and 
lack substantive evidence. However, rigidity in the cartilage 
and joints may offer some risk in the most affected elders, 
though the more clinical prominent issues of cervical spinal 
arthritis and kyphosis outweigh potential laryngeal rigidity. 
Skillful intubation with tacit recognition of laryngeal fragil-
ity is thus important in the absence of detailed and clinically 
relevant data. Nevertheless, postintubation voice changes 
may affect communication and comfort.

Oropharyngeal dysfunction among older adults poses 
significant risk and threats to surgical treatment. Such dys-
function may arise from aging changes in the anatomy and 
physiology of swallowing, dental pathology, comorbid dis-
ease that affects neuromuscular coordination, or any combina-
tion of these factors [8, 19, 63]. Side effects of intubation and 
anesthesia as well as postoperative healing, as it creates fatigue 
and saps functional reserves, may breach thresholds of func-
tional compensation for dysphagia and aspiration. Elective 
surgery affords opportunity for integration of an interdisci-
plinary plan of care to assess and address for age-related and, 
more importantly, age-associated disease effects. Essential 
referrals include routine dental prophylaxis and treatment of 
dental caries and gingival disease that might affect tooth reten-
tion during the postoperative period as well as xerostomia; 
otolaryngologic and speech language assessment and inter-
vention for diseases and dysfunction in deglutition, respira-
tion, and phonation; and nutrition consultation and intervention 
to optimize visceral protein and overall nutritional status. 
These referrals are likely to be more successful given continu-
ous collaboration with a particular patient’s primary care pro-
vider. Comprehensive patient and family education further 
supports an effective plan of care and can be delivered by 
nurses on an outpatient basis before surgery, integrated into 
the inpatient care plan, and then reinforced during inpatient or 
outpatient rehabilitative postoperative follow-up.
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Summary

Aspects of aging anatomy and physiology in the ears, nose, 
and throat have manifold and often consequential implica-
tions for surgical treatment of older adults. In the ears, presby-
cusis affects communication that results in possible problems 
in decision making and participation in perioperative care. 
Presbystasis is even more consequential as it is extremely 
common and results in significant risk of falls with the addi-
tive effects of anesthetics, analgesics, and diuretics, along 
with other postoperative interventions. Conversely, presbyos-
mia has little direct influence on surgical treatment save for 
implications of malnutrition when combined with the likeli-
hood of dysgeusia and problems with food safety as a general 
concern. Presbyphonia conveys intermediate risk in surgical 
care for older adults. Older adults with noticeably affected 
voices may have difficulty in communication, both because of 
auditability and because of ageist discrimination for an “old” 
and infirm sounding voice. Finally, older adults with age-
associated dental problems and acute or chronic disease that 
impinge upon neuromuscular coordination of the oropharynx 
are at significant risk for dysphagia and aspiration. The results 
of age-related functional changes in the anatomy and physiol-
ogy of the ears, nose, and throat require thoughtfully inte-
grated interdisciplinary surgical care. Knowledge of changes 
and functional implications is a rapidly evolving area of basic 
science and clinical investigation. Thus, surgeons can lead 
integration of a comprehensive plan of care that includes tar-
geted referrals to specialists, preoperative preparation when 
possible, postoperative rehabilitation, and clear, consistent 
communication with patients, their family members, primary 
care providers, and other members of the interdisciplinary 
team. Modifications to the hospital environment that account 
for common sensory-perceptual and vocal changes, as well as 
ongoing patient and family education, further support suc-
cessful care of the older surgical patient.
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Introduction

Dysphagia, literally difficult or disordered eating, can refer 
to numerous difficulties with swallowing. The normal swal-
low consists of introduction of food into the oral cavity and 
its subsequent passage through the pharynx and esophagus 
into the stomach. Disorders of swallowing may be found 
along any point during this passage. A recent survey found 
that approximately one-third of independent, noninstitution-
alized, elderly Americans reported a problem with swallow-
ing [1]. In the year 2000, there were 35 million Americans 
over the age of 65 which represented 12.4% of the total pop-
ulation. By the year 2050, this population group is projected 
to number over 86 million and comprise over 20% of the 
total population [2]. With the “graying” of the American 
population, the prevalence of dysphagia is expected to 
increase.

Effects of dysphagia range from reduced enjoyment of 
meals to embarrassment at meals with resultant social isola-
tion that can progress to depression. Life-threatening conse-
quences include dehydration, weight loss, choking, airway 
obstruction, and aspiration pneumonia [3]. Pneumonia is 
currently the sixth leading cause of death. Aspiration pneu-
monia is the most common cause of death in patients with 
dysphagia secondary to a neurological condition [4].

After hospitalization, less than 2% of those under the age 
of 65 but over 20% of those over the age of 65 were dis-
charged to a long-term care institution [5]. Analysis of this 
data showed that approximately 60% of nondysphagic stroke 
patients were discharged home compared with 21% of dys-
phagic stroke patients [6]. An estimated 60% of nursing 
home residents have dysphagia. Autopsy studies reveal that 
pneumonia is the cause of death in one-third to one-half of 
all deaths among nursing home residents [7].

Numerous etiologies exist for the increased incidence of 
dysphagia among the geriatric population. Studies have iden-
tified age-related changes to the normal swallow mechanism 
that result in a “slower” swallow with reduced sensation and 
less ability to compensate. Disease processes that affect 
swallowing, such as stroke and Parkinson’s disease, are more 
prevalent in the geriatric population. In addition, social, psy-
chological, and environmental changes occur, often in the 
setting of meal time activities.

Swallowing Physiology

The normal swallow process can be subdivided into three 
major phases: oral, pharyngeal, and esophageal. Of these, 
only the oral phase is under voluntary control. The oral phase 
is subdivided into an oral preparatory and oral transport 
phase where the food bolus is prepared into the proper consis-
tency. During the pharyngeal phase, food is transported to the 
esophagus while the airway is protected from aspiration. 
The esophageal phase allows food to enter the remainder 
of the gastrointestinal system for digestion.

Prior to the swallowing process, the feeding process must 
occur – the voluntary delivery of food to the oral cavity. The 
individual requires the necessary cognition for food prepara-
tion and ability to schedule meal time. An intact extremity 
with proper coordination is needed to transport the food into 
the oral cavity. A functioning oral cavity is needed to receive 
the meal which requires the ability to open the mouth and 
coordinate the jaws and lips to receive the food.

The oral preparatory phase begins after the introduction 
of food into the mouth. The tone of the lips provided through 
the orbicularis oris musculature provides oral competency by 
preventing anterior spillage of the food bolus. Flavor and 
pleasure from eating are also derived during this phase. This 
phase can be voluntarily terminated if the taste, temperature, 
or consistency is not enjoyable. Through the coordination of 
the facial muscles such as the buccinator, the muscles of 
mastication (temporalis, medial and lateral ptygergoid, and 
masseter), the tongue, the soft palate, and the teeth, the food 
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bolus is positioned and crushed into the appropriate texture 
and size for further handling. While the facial muscles are 
innervated by the facial nerve (cranial nerve VII), the mus-
cles of mastication receive efferent signals from the trigemi-
nal nerve (cranial nerve V). The tongue (cranial nerve XII) 
manipulates the bolus while the anterior movement of the 
soft palate (cranial nerve X) prevents premature passage of 
the food bolus while also opening the nasopharynx to increase 
the nasal airway.

After the food bolus has been adequately prepared by 
being chewed and mixed with saliva, as determined by vari-
ous chemoreceptors and mechanoreceptors (cranial nerves 
V, IX, and X), the second part of the oral phase begins. Like 
the oral preparatory phase, the oral transport phase is under 
voluntary control. Through tongue manipulation, the food 
bolus is directed toward the oropharynx. After passing 
through the region of the faucal arches, branches of the 
glossopharyngeal and vagus nerve are stimulated and initiate 
the involuntary pharyngeal phase. Normal oral transport time 
ranges from 1 to 1.25 s regardless of viscosity [8].

While the nasopharynx is opened during the oral prepara-
tory phase, actions of the velopharyngeal muscles during the 
pharyngeal phase close the nasopharynx to prevent nasal 
regurgitation. Posterior movement of the tongue and depres-
sion of the jaw direct the food bolus into the vallecula, the 
region between the base of tongue and epiglottis. Contraction 
of the suprahyoid muscles results in the superior and anterior 
movement of the larynx. By acting as a fulcrum, these actions 
invert the epiglottis and direct the movement of the food 
bolus from the vallecula into the two laterally located pyri-
form sinuses. The coordinate actions of the superior, middle, 
and inferior constrictor muscles result in an organized pha-
ryngeal “squeeze” that moves the bolus in a superior to infe-
rior direction through the pharynx. Mechanoreceptors, 
particularly of the tonsil pillars, stimulate the pharynx to 
continue to contract until the bolus has completely passed. 
The pharyngeal phase ends with passage of the food bolus 
through the upper esophageal sphincter (UES).

One of the primary objectives of the pharyngeal phase is 
the movement of food from the pharynx to the esophageal 
inlet while preventing passage of the bolus into the airway – 
aspiration. Mechanical defenses of the airway include the 
closure of both the true and false vocal folds, the inversion of 
the epiglottis over the laryngeal inlet, and the superior dis-
placement of the larynx. Most frequently, respiration stops 
during the pharyngeal phase.

The UES is a manometrically defined region that is com-
posed of the cricopharyngeus muscle, portions of the inferior 
pharyngeal constrictors, and the superior portion of the cir-
cular esophageal muscles. The cricopharyngeus is tonically 
active and in a “closed” state. Additional functions of the 
UES are the prevention of esophageal reflux and excessive 
air swallowing (aerophagia). The UES is opened through a 

five step process beginning with an inhibition of the tonic 
contraction. Elevation of the hyoid laryngeal complex results 
in passive opening. Passage of the food bolus distends the 
UES with a subsequent collapse when the bolus passes 
through. Finally, active contraction leads to closure of the 
UES.

Like the pharyngeal phase, the esophageal phase is under 
involuntary control. Two layers of muscle are present in the 
esophagus – an inner circular layer and an outer longitudinal 
layer. While skeletal muscle predominates in the proximal 
esophagus, in the distal esophagus smooth muscle is the 
main form. The lower esophageal sphincter marks the distal 
extent of the esophagus. Stimulation from bolus distension 
leads to lower esophageal sphincter opening through vagus 
nerve efferents. The food bolus normally passes through the 
esophagus into the stomach in 8–10 s.

Three primary patterns of esophageal peristalsis have 
been noted. Primary peristalsis is the peristaltic wave trig-
gered by the brainstem swallowing center. Secondary peri-
staltic waves are induced by esophageal distension, retained 
food bolus, refluxate, or swallowed air. They serve to clear 
the esophagus of reflux or retained food bolus. Tertiary con-
tractions are noncoordinated, dysfunctional contractions. 
These contractions are nonperistaltic and have no known 
physiologic role.

A complex system of neural coordination governs the 
swallow process. Areas of the cerebral cortex, particularly 
the precentral and inferior frontal gyrus, modulate the oral 
and pharyngeal phase. The brainstem provides primary coor-
dination of swallowing and a normal swallow is possible in 
the absence of any cortical stimulation [9]. Though neural 
control centers and pathways are located in both sides of the 
cerebral cortex and brainstem, transcranial magnetic stimu-
lation has shown asymmetrical cortical representation [10, 
11]. Seventy-five percent of cases of oropharyngeal dys-
phagia have a neurological cause [12]. Esophageal contrac-
tion propagation receives input from both the brainstem as 
well as from local neural feedback through the myenteric 
plexus of Auerbach located within the wall of the esophagus. 
Primary peristalsis is from the vagal nucleus while second-
ary peristalsis is under esophageal control.

Age-Related Changes to Swallowing 
Mechanism

Globally with aging, there is decreased striated muscle fiber 
size, sarcopenia, with muscle tone decreasing between 20 
and 25% [13]. In the alimentary system, changes in connec-
tive tissue result in decreased tensile strength that may lead 
to the development of diverticula. Particularly in the tongue, 
these changes are accompanied by an increase of fatty and 
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connective tissue resulting in decreased strength and size. 
Osteoporosis and degenerative bony changes may alter cer-
vical posture. For those patients who become edentulous, 
atrophy of the alveolar bone develops with reduced mastica-
tory forces. Decreased salivary production affects bolus for-
mation and manipulation. These changes in the oral phase do 
not often lead to significant difficulties as patients are able to 
modify their food intake to meet their needs (Table 44.1).

Bolus control is affected by the normal aging process. As 
a result of these age-related changes, there is decreased mas-
ticatory strength, reduced facial muscle strength with poor 
cup drinking, and reduced tongue strength and coordination 
[14, 15]. Compared with younger subjects, elderly patients 
tend to hold the bolus more posterior prior to the swallow 
[16]. Additional tongue movements were needed along with 
a slower swallow [17]. Yoshikawa evaluated the effect of age 
in comparing study participants who were all dentate and 
nonaspirators. The analysis found that the frequency of pre-
mature loss of liquid and increased oral and pharyngeal resi-
due were greater in those over the age of 80 compared with 
younger control participants. In addition, oral transit time, 
pharyngeal delay time, and pharyngeal transit time in the 
dentate elderly group were found to be longer than in the 
younger group [18].

During the pharyngeal phase, age-related changes have 
more consequence compared with those of the oral phase. 
Manometry has shown that the amplitude, duration, and rate 
of pharyngeal pressure waves are not significantly changed 
in the elderly [19]. However, compared with younger indi-
viduals, the elderly have longer pharyngeal swallowing times 
and multiple swallows per bolus [20]. Aspiration is more 
likely as there is a three-time higher likelihood to inspire fol-
lowing swallowing rather than expire or breath hold. Aviv 

demonstrated a progressive increase in laryngeal sensory 
thresholds, believed to correlate with decreased laryngopha-
ryngeal sensory discrimination that occurs with increasing 
age. The threshold values needed to stimulate the laryngeal 
adductor reflex for those greater than 61 years old were sig-
nificantly greater than those between 20 and 40 years old and 
those between 41 and 60 years old [21].

Prior studies have suggested that reduced UES opening 
occurs with age [22]. More recent manometry studies, how-
ever, have shown no change or decreased resting tone of the 
UES [23]. Through primary peristalsis is often preserved, 
there is reduced secondary peristalsis causing decreased 
stripping of esophageal residue as well as an increase in the 
frequency of tertiary peristalsis [24]. Findings that manifest 
in the pharyngeal phase such as pooling of secretions in the 
pyriform sinuses may be due to changes in the esophageal 
phase, such as a stricture or poor motility.

Otherwise healthy individuals are usually able to com-
pensate for the normal age-related swallowing changes with-
out significant consequence. Certain disease processes with 
swallowing consequences, such as cerebrovascular accident 
and Parkinson’s disease, occur with greater frequency in the 
elderly. Together, these normal age-related changes may put 
elderly individuals more at risk for dysphagia from other dis-
ease processes in a “two hit phenomenon.” Medications, ana-
tomical changes, and deconditioning may further contribute 
to the increased frequency of dysphagia seen in the elderly. 
The normal aging process often leads to a delay in bolus 
transit through the pharynx. Patients with COPD may be 
forced to inhale while the bolus is in the pharynx leading to 
aspiration. In addition, older patients may fatigue during eat-
ing and progress from a safe to an unsafe swallow.

Evaluation

History

Initial evaluation of dysphagia must include a careful history. 
In cases of a sudden onset, an etiology can often be identified 
such as stroke, acute illness, or intubation. However, there is 
often an insidious onset to dysphagia symptoms without a 
precise antecedent event. Questions should be asked about 
changes in diet, food consistency, number of meals con-
sumed, and length of meals. A patient with feeding difficul-
ties, which may be due to cognitive deficits, may eat frequent, 
irregularly spaced short meals, whereas patients with swal-
lowing difficulty often have an increased meal time. Untreated 
dysphagia will ultimately lead to weight loss. However, in 
the initial period of recognized symptoms, some elderly 
patients may briefly experience a weight gain due to a change 

Table  44.1  Common changes seen in the 
swallowing mechanism with aging

General
Sarcopenia
Connective tissue changes
Osteoporosis

Oral phase
  Edentulous state
  Loss of tongue strength/coordination
  Reduced masticatory strength
  Reduced facial muscle tone
Pharyngeal phase
  Longer swallow time
  More swallows per bolus
  Reduced laryngopharyngeal sensation
  Reduced bolus control
  More likely to inspire during swallowing
Esophageal phase
  Possible reduced UES opening
  Decreased secondary peristalsis
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in food consistency such as consuming high caloric supple-
ments. Three symptoms that have identified in an ambulatory 
geriatric population that are associated with a history of 
swallowing disorders are (1) taking a longer time to eat; (2) 
coughing, throat clearing, or choking, before, during, or after 
eating; and (3) a sensation of food stuck in the throat [1].
Querying the consistency of the food causing the most diffi-
culty may aid in identification of the underlying etiology. 
Solid food dysphagia has traditionally been associated with 
an anatomic obstruction such as a stricture or web. Those 
reporting liquid dysphagia frequently have an underlying 
neurological dysfunction affecting coordination, sensation, 
or function. In cases of an insidious onset, patients may 
change their diet consistency to alleviate symptoms and may 
not readily recognize a difficulty with swallowing. Food 
avoidance may be an early indicator of dysphagia. Symptoms 
such as coughing with meals may indicate the presence of 
laryngeal penetration or aspiration. The regurgitation of 
undigested foods may suggest the presence of a diverticu-
lum. Pain with swallowing, odynophagia, is an uncommon 
findings and may suggest an underlying malignancy.

Particularly for those with liquid dysphagia, a thorough 
neurological history should be ascertained. Specific signs to 
review include changes in gait, handwriting, and other fine 
motor skills that may reveal a global neurological condition. 
The responses from family and caregivers often provide 
accurate answers.

The past medical history should be queried for the pres-
ence of prior gastrointestinal conditions. Decreased pulmo-
nary reserve, such as with advanced COPD, may also 
decrease swallow reserve. Recent endotracheal intubation 
should be identified as laryngeal sensation may be altered. 
Laryngeal function may also be affected by prior pulmonary, 
cardiac, cervical spine or neck (i.e., thyroid) procedures. In 
an ambulatory population, a history of esophageal reflux was 
identified as the most potent past medical history variable 
that identified in those with swallowing disorders.

Physical Examination

The physical examination should include an orderly, site-
directed examination with particular attention to strength, 
fatigability, and coordination. Directed examination usually 
begins with the oral cavity. The lips are assessed for the abil-
ity to produce a complete seal, oral competency. Lip closure 
force has been found to correlate with markers of dysphagia 
such as weight loss, drooling, and food becoming “stuck” in 
the esophagus [25]. The presence and quality of the teeth 
may affect the ability to handle solids. Denture plates may 
block mechanoreceptors of the palate affecting afferent 
signals. Asymmetric palate elevation may indicate vagal 

dysfunction. The tongue is assessed for the range of motion. 
Fasciculation of the tongue may indicate other neurological 
disease. The degree of laryngeal elevation with a dry swal-
low should be evaluated. The quality of the voice should be 
assessed. A thin or wet voice may suggest a laryngeal pathol-
ogy. Dysarthria of the voice may indicate a central neuro-
logical disorder. Fixed neck adenopathy may indicate a 
neoplastic process.

Neurological assessment should include a basic level of 
arousal and orientation. A directed cranial nerve exam should 
be conducted. Those with dysfunction of the facial or hypo-
glossal nerve may have difficulty with bolus manipulation. 
The “gag reflex” tests sensory components of the glossopha-
ryngeal nerve and motor function of the vagus nerve. The 
gag reflex, however, is not a normal component of swallow-
ing. With the exception of an acute stroke, the presence or 
absence of the gag reflex has not been correlated with the 
risk of aspiration [26, 27]. Over one-third of healthy adults 
without dysphagia have an absent gag reflex.

Functional examination of swallow, particularly in inpa-
tients, often begins with the bedside swallow assessment. 
Bedside evaluation begins with evaluation of patient’s level 
of arousal, posture, voice quality, voluntary cough, and con-
trol of saliva. Patients are fed a small bolus and if successful 
are then given a larger and more complex bolus. Studies have 
demonstrated that bedside swallowing assessments may miss 
between one-third and one-half of significant aspiration seen 
on videofluoroscopy [28–30]. Leder and Espinosa found that 
while the sensitivity of the clinical bedside exam was 86%, 
its specificity was only 30%, and its false-positive rate was 
70% [31]. The two most reliable signs from bedside swallow 
were reduced pharyngeal sensation and coughing with 50 cc 
water swallow [26].

Additional Studies

The barium swallow is a radiographic examination particu-
larly useful for evaluating the mass occupying lesions of the 
pharynx and esophagus such as found with solid food dys-
phagia. The barium swallow aids in the identification of 
diverticulum as well as extrinsic compression such as from 
vascular structures. The density and consistency of the swal-
lowed contrast material can be altered to aid in diagnosis.

The modified barium swallow (MBS) allows a dynamic 
evaluation of the swallow process (Fig. 44.1). This study is 
typically performed in a fluoroscopy suite with the collabo-
ration of a speech-language pathologist and radiology per-
sonnel. Viewing of the fluoroscopic images allows for the 
evaluation of bolus movement and timing from the lips to 
passage through the LES. The MBS has traditionally been 
used as the gold standard for the evaluation of aspiration and 
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penetration. Compensatory maneuvers and rehabilitation 
strategies may be included at the time of examination.

Flexible endoscopic evaluation of swallow (FEES) is an 
ambulatory procedure that can also be used to evaluate the 
swallowing function and compensation technique [32, 33] 
(Fig. 44.2). In addition, the FEES examination can incorpo-
rate sensory testing for additional information (FEESST). 
Examination begins with an endoscopic examination of the 
pharynx and larynx. Important findings include the presence 
of secretions and the status of vocal fold mobility. The patient 

is asked to produce a high pitched sound during which the 
pharyngeal walls are evaluated for symmetric contraction 
termed as the “pharyngeal squeeze.”

After the endoscopic examination of anatomy is com-
pleted, the patient is fed various food consistencies, usually 
colored to enhance visualization. During the swallowing 
portion of the examination, a thickened fluid, such as apple-
sauce, is used first as this is least likely to produce aspiration. 
After the swallow has been completed, endoscopy allows the 
assessment of bolus residue as well as laryngeal penetration 
(entry of food into the laryngeal inlet), regurgitation, or aspi-
ration (entry of food below the level of the vocal folds). With 
an impaired swallow, food may accumulate in the hypophar-
ynx, such as in the pyriform sinuses, and then overflow into 
the larynx in a delayed fashion. Food bolus that “clears” the 
UES but then re-enters the pharynx may be a sign of a 
Zenker’s diverticulum, UES dysfunction, or poor esophageal 
motility.

In addition to its diagnostic value, the FEES examination 
can be used to guide compensatory maneuvers. For some 
patients, the visual feedback provided by endoscopy is easier 
to interpret than when seen on the MBS examination. One 
major disadvantage of the FEES examination is the “white-
out” that occurs during the actual swallow as contraction of 
the pharyngeal walls and movement of the epiglottis tempo-
rarily obscure visualization.

Sensory testing can be incorporated into the FEES exami-
nation. During the FEESST examination, which was intro-
duced in 1995 by Aviv, a calibrated air pulse is applied to the 
laryngeal mucosa at the junction of the arytenoid and aryepi-
glottic fold [34]. In the setting of normal physiology, a suf-
ficient air pulse will stimulate the superior laryngeal nerve 
and activate the laryngeal adductor reflex resulting in glottic 
closure through the recurrent laryngeal nerve. This is an 
involuntary reflex arc and can be tested in those with cogni-
tive deficits. Normative data for threshold pressures have 
been collected.

The MBS and FEES examination each possess relative 
advantages and should be used as complementary exams. 
Advantages of the MBS include the ability to evaluate the 
entire swallow including the esophageal phase which is not 
directly seen on FEES exam. Hyoid and laryngeal elevation, 
UES opening, and the degree of posterior movement of the 
tongue are better seen on MBS. Extrinsic compression is 
more easily identified. Disadvantages of the MBS include 
the need for radiation from the fluoroscopy equipment as 
well as the need to transport and position the patient in the 
fluoroscopy suite. A study found that in patients who had a 
MBS and FEES performed simultaneously, FEES examina-
tion graded the degree of dysphagia more severely [35]. 
A  prospective, randomized study found no difference in 
pneumonia incidence whether MBS or FEESST was used to 
guide diet and swallow management [36].

Figure 44.1  An image from a modified barium swallowing study dem-
onstrating clear aspiration with barium entering the trachea.

Figure 44.2  An image from a flexible endoscopic evaluation of swal-
lowing. Note green colored material entering the larynx (penetration) 
and passing between the vocal folds (aspiration).
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The FEES exam allows for the diagnosis of subtle 
anatomic findings of the oropharynx, hypopharynx, and lar-
ynx. Native secretion can be easily identified and differenti-
ated from ingested material. Examination can occur at 
bedside without the need for coordination with radiology 
personnel. Food bolus that pools in the pyriform sinus can 
accumulate and “spill” over into the laryngeal inlet. While 
both the FEES and MBS exam may be used to assess reha-
bilitative strategies, the biofeedback of the FEES examina-
tion may be more easily interpreted by the patient.

Esophagoscopy may be required during the workup of 
dysphagia. Traditionally, sedation has been required for the 
endoscopy. Adverse cardiopulmonary events related to seda-
tion constitute a majority of the complications related to tra-
ditional esophagoscopy [37, 38]. Transnasal esophagoscopy 
(TNE) has emerged as a viable alternative. TNE can be safely 
and effectively performed with only local anesthesia and 
without the need for sedation. Endoscopic findings are diag-
nosed as accurately with TNE as EGD [39]. While the biopsy 
size is significantly smaller due to a smaller working chan-
nel, there was no difference in diagnostic ability between 
TNE and EGD [40, 41]. As the patient remains awake during 
the exam, the patient may be asked to swallow water or 
applesauce during exam such that a functional evaluation 
may also be incorporated into the examination. Direct exam-
ination of the mucosa allows for the detection of anatomic 
obstructions such as webs, rings, and strictures as well as the 
presence of esophagitis from causes including reflux and 
infection.

Quantitative assessment of peristalsis requires the use of 
manometry. Peristaltic pressure waves can be assessed for 
amplitude as well as timing and coordination. Conditions 
such as achalasia, ineffective esophageal motility, hypertonic 
UES, and diffuse esophageal spasm may be diagnosed 
through the use of manometry. Elderly patients with esopha-
geal dysmotility tend to report different symptoms than 
younger patients.

Etiology

Cerebrovascular accident or stroke is the most common cause 
of dysphagia in the elderly. Forty-five to sixty-five percent of 
poststroke patients experience swallowing difficulties within 
the first 6  months after infarction [42, 43]. Approximately 
25% of all patients die from aspiration pneumonia within 
1 year of the stroke [44]. Results of the Paul Coverdall National 
Acute Stroke registry showed that only 45.5% of eligible 
stroke patients underwent dysphagia screening during their 
hospitalization [45]. Larger stroke infarctions have been asso-
ciated with greater swallowing deficits with infarctions of the 
subcortical and periventricular regions associated with poor 

tongue coordination and oral-phase dysphagia [46–48]. In 
addition to motor deficits, dysphagia may be secondary to lack 
of laryngopharyngeal sensory detection. Nearly one-half of 
patient recover to premorbid swallowing status within 1 week 
of the stroke and nearly 90% resume normal oral intake within 
6 months after the event [49]. Swallow rehabilitation has been 
shown to improve the function though a temporary nonoral-
feeding method may be required (Table 44.2).

Parkinson disease is the most common neuromuscular 
disease to cause dysphagia. The disease process affects the 
ability to initiate and coordinate complex motor tasks. An 
increase in oral pharyngeal transit time and decreased tongue 
movements have been noted [50]. Despite improvement of 
limb motor function with dopamine therapy, dysphagia may 
not improve. Swallow dysfunction is a late manifestation of 
Parkinson’s disease typically diagnosed greater than 1 year 
after diagnosis [51].

In amyotrophic lateral sclerosis (ALS), initiation of the 
voluntary swallow is prolonged. Aspiration is a less common 
phenomenon as pharyngeal and laryngeal sensation remains 
intact. Swallow therapy has been beneficial though some 
may eventually progress to require nonoral-feeding methods 
[52]. Other neurological etiologies include traumatic brain 
injury, Alzheimer’s disease, multiple sclerosis, brain malig-
nancy, and Huntington’s disease. Though rarely a presenting 
symptom, myasthenia gravis and muscular dystrophy may 
report dysphagia.

Table 44.2  Common causes of geriatric dysphagia

Neurologic
Stroke
Parkinson
Other

Multiple sclerosis
ALS
Alzheimer’s

Muscle disease
Myasthenia gravis
Muscular dystrophy

UES dysfunction
Structural UES
Functional UES
Zenker’s diverticulum

Esophageal
Achalasia
Diffuse esophageal spasm
Esophagitis

Reflux
Infectious

Anatomic/structural
Neoplasm

Stricture
Web
Ring

Medication induced
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Medications may affect swallow function through several 
mechanisms. The most frequent mechanism is through 
xerostomia. Xerostomia is common with medications that 
have anticholinergic effects such as antihistamines, tricyclic 
antidepressants, neuroleptics, antiemetics, and antidiarrhea 
medications. Elderly patients in an inpatient setting who 
were given an antipsychotic medication were three times 
more likely to have swallowing dysfunction that an age-
matched controls who were not taking an antipsychotic [53]. 
By affecting saliva production, xerostomia alters bolus for-
mation and transport. Dehydration from diuretic use may 
worsen xerostomia.

Alteration of arousal level resulting in mental status 
changes may also affect swallowing and feeding function. 
Medications should be screened for sedative properties such 
as hypnotics, anxiolytics, muscle relaxants, and analgesics. 
Alcohol may compound sedative effect.

Medications may alter esophageal function. Particularly 
in those with xerostomia, this effect may be magnified as less 
saliva with its neutralizing sodium bicarbonate content is 
produced. Pill-induced esophagitis may cause odynophagia 
through four primary mechanisms [54]. Prolonged mucosal 
contact may result in a direct caustic effect such as is seen 
with clindamycin, potassium, alendronate, and quinidine. 
Esophageal pH may be altered through medications such as 
clindamycin, tetracycline, ascorbic acid, and iron resulting in 
an acid burn. Phenytoin may result in an alkaline burn. 
Doxycycline and nonsteroidal anti-inflammatory drugs may 
accumulate to toxic levels within the esophagus. Drugs such 
as calcium channel blockers, nitrates, and theophylline may 
result in relaxation of the lower esophageal sphincter and 
induce gastric reflux [55].

Pill-induced esophagitis may be diagnosed though esopha-
goscopy where a well demarcated ulcer may be seen sur-
rounded by normal mucosa. The most common site of injury 
in the esophagus is the area posterior to the arch of the aorta 
which is a natural site of narrowing and an area of manometri-
cally decreased peristalsis. Compensation strategies include 
taking medications with ample water, crushing pills or taking 
the medication in liquid form, avoiding a double swallow, and 
taking medications in an upright position [56].

Esophageal motility disorders may result in dysphagia 
symptoms. Manometry allows for a specific diagnosis. 
Achalasia refers to an aperistaltic esophageal body with ele-
vated LES pressures. A characteristic “bird beak” pattern 
may be seen on barium esophagram. In contrast, patients 
with scleroderma will also have a nonperistaltic mid- and 
distal esophagus but with the absence of LES pressures 
waves. There are normal findings in the proximal esophagus. 
Diffuse esophageal spasm features at least 20% of uncoordi-
nated, simultaneous contractions with some normal peristal-
sis. The mean pressures of the distal esophagus exceed 
180  mmHg in “nutcracker” esophagus. Residual pressures 

greater than 5 mmHg after swallowing suggest incomplete 
LES relaxation while LES pressures that do not exceed 
10 mmHg indicate a hypotensive LES. Ribeiro et al. reported 
that when compared with younger patients, elderly patients 
were less likely to have normal esophageal motility and were 
more likely to have achalasia or diffuse esophageal spasm 
[57]. Among those with achalasia, as diagnosed by manom-
etry, cough and dyspnea were more frequent complaints in 
the elderly than chest pain seen in younger patients [58]. 
A comparison of patients with known esophageal dysmotil-
ity found that elderly patients over 80 years old were more 
likely to report dysphagia as their main complaint and have 
significantly more complaints of dysphagia to solids and 
liquids than younger patients. Younger patients were more 
likely to report symptoms of heartburn [59].

The presence of an obstructing lesion should be suspected 
in those with solid food dysphagia. Esophageal webs have 
been found in the proximal esophagus, particularly in those 
with Plummer–Vinson syndrome (Fig. 44.3). Two forms of 
esophageal rings may be present. The less frequently seen 
Type A ring is a thick muscular ring found in the distal 
esophagus. These muscular rings do not respond well to dila-
tion but may improve after botulism toxin injection. The 
Type B ring, also known as a Schatzki’s ring, is found at the 
gastroesophageal junction. Rings with an opening diameter 
<13 mm tend to be symptomatic. The Type B ring responds 
to dilation or disruption.

Reflux esophagitis is a prevalent disease process found in 
the geriatric population [60]. Elderly patient were less likely 
to report classic gastroesophageal reflux symptoms such as 
heartburn or epigastric pain than younger patients. Instead, 
symptoms such as anorexia and dysphagia were more common 
[61]. The duration of reflux episodes, possibly secondary to 

Figure  44.3  Fluoroscopic image of an anterior esophageal web at 
approximately the sixth cervical vertebra.
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impaired esophageal motility, has been shown to be longer in 
the elderly [62]. Proton pump inhibitor therapy remains the 
primary therapeutic agent.

Candida albicans is the most frequent cause of infectious 
esophagitis. Risk factors for the development of a fungal 
esophagitis include immunodeficiency, diabetes, steroid use, 
and impaired esophageal motility. Candida colonies can also 
be seen among nonimmunosuppressed individuals as well. 
Treatment involves either a topical or systemic antifungal 
agent. Frank ulceration of the esophageal mucosa is uncom-
mon and suggests a concurrent viral infection such as 
cytomegalovirus.

Cricopharyngeal (CP) dysfunction may contribute to 
dysphagia symptoms in the elderly. The dysfunction may be 
due to functional or structural reasons. Functional CP dys-
function refers to the failure of UES relaxation and has been 
associated with brainstem infarction, traumatic brain injury, 
and other neurological degenerative diseases. Figure  44.3 
demonstrates the failure of CP relaxation with obstruction, 
commonly referred to as a cricopharyngeal bar. Structural 
CP dysfunction results in improper opening of the UES, 
despite relaxation of the UES musculature (Fig.  44.4). 
Structural CP dysfunction is commonly found in postradia-
tion patients [63]. In addition, large cervical osteophytes in 
the region of the UES can lead to obstruction (Fig. 44.5).

Within the UES, manometric studies have demonstrated 
that the area superior to the horizontal fibers of the CP muscle 
is exposed to the highest pressures. This region, known as the 
Killian’s dehiscence, has a low density of muscle fibers com-
pared with the rest of the UES. Outpouching of the pharynx 
in this area, secondary to elevated CP pressures, may result in 
the development of a Zenker’s diverticulum [64] (Fig. 44.6).

Figure 44.4  A cricopharyngeal bar, in this case, resulting from the failure 
of cricopharyngeal muscle relaxation despite excellent hyolaryngeal ele-
vation during swallowing.

Figure 44.5  Large anterior cervical osteophytes at the level of the UES 
impairing the passage of food material into the esophagus.

Figure 44.6  A large Zenker’s diverticulum demonstrated as a pouch 
separate from the esophagus on barium swallow.
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Treatment

Two of the most important decisions that need to be made 
after the swallowing evaluation are whether the person is 
safe for oral swallowing and if so, with what consistencies 
and texture. Diets may be modified to exclude certain food 
consistencies. While diet modification may help prevent 
aspiration of ingested food, patients may remain at risk for 
aspiration of saliva or gastric refluxate. Swallow rehabilita-
tion may include various methods to improve muscle func-
tion and coordination. These may include electrical 
stimulation, thermal stimulation, and muscle strength exer-
cises. Additional strategies aim to optimize body posture and 
head position. Compensatory maneuvers, such as a supra-
glottic swallow, swallowing while breath holding, may 
improve function. Early intervention through swallow reha-
bilitation may allow a safe swallow and avoid or delay the 
need for nonoral feeding such as a gastrostomy tube.

In some patients, oral feeding may be considered unsafe 
and nonoral means of nutrition may be required. Two of the 
most common techniques are nutrition via a nasogastric tube 
or via a gastrostomy tube [65]. Nakajoh reported that the rate 
of aspiration pneumonia was significantly greater among dys-
phagic stroke patients who were fed orally versus those who 
had tube feedings, though the functional status of the orally 
fed group was higher [66]. No prospective, randomized trials 

exist that compare oral versus PEG feeds in the advanced 
dementia population. However, analysis of the available data 
finds that among those with advanced dementia, tube feeds do 
not prevent aspiration pneumonia, prolonged survival, reduce 
the risk of pressure ulcers or infection, improved function, or 
provide palliation [67, 68].

Surgical Management

Because of the multifactorial nature of dysphagia in the older 
adult, surgery usually takes a secondary role to behavioral 
and dietary intervention. That being said, some specific prob-
lems can be well addressed with judicious use of surgery. 
The most common problems and the surgical techniques that 
can be utilized to treat them are summarized below.

Esophageal and Cricopharyngeal Narrowing

Strictures of the esophagus and cricopharyngeal segment are 
best initially managed with serial dilation in individuals who 
are able to tolerate anesthesia. The site of stricture can be 
visualized clearly on barium esophagram. Two important 
diagnostic considerations must be taken into account prior to 

Case Study

An 83-year-old man is accompanied by his 64-year-old 
daughter for a chief complaint of food “getting” stuck in 
his throat. He reports these symptoms have been present 
for years but have been getting worse. He states that 
recently at dinner, he felt like he was choking on a piece 
of chicken. His voice has gradually become softer over 
the years. He denies any weight loss or coughing with 
meal. His daughter, however, states that he coughs fre-
quently after drinking his morning coffee. His past medi-
cal history is significant for a thyroidectemy 40  years 
ago, myocardial infarction at the age of 67, and COPD. 
He has a 50-pack-year history but quit smoking 5 years 
ago.

After a comprehensive physical examination, a lar-
yngoscopy should be performed to evaluate the hypo-
pharynx and laryngeal structures. Given his smoking 
history, the presence of a mucosal lesion would be con-
cerning for a malignancy. The status of the vocal folds 
should be assessed in terms of mobility and “bulk” as 
“bowing” or atrophy of the vocal folds may be present. 
The pooling of secretions is highly suggestive of an 
obstruction or motility dysfunction.

Given his complaints of both solids and liquids, a 
FEES examination could be incorporated into the laryn-
goscopy. An alternative would be a MBS. Advantages of 
the FEES examination include the ability to perform 
without the need of a fluoroscopy suite and detailed 
views of the larynx. The MBS allows for the analysis of 
esophageal phase, particularly relevant given his solid 
food dysphagia. While both examinations allow for feed-
back, patient understanding of exam is usually greater 
with the FEES examination.

FEES examination demonstrated reduced pharyn-
geal muscular squeeze with retained secretions in the 
pyriform sinuses. Vocal fold mobility was normal and 
there were no masses present. Laryngeal sensation 
appeared reduced. MBS confirmed these observations 
and added the finding of mild esophageal dysmotility. 
There was no esophageal structures, diverticula, or 
masses noted on the esophagram.

The patient’s dysphagia was attributed to age-related 
changes and a dietary and behavioral intervention pro-
gram was initiated by the speech pathologist. He was 
counseled to chew foods well, take small bites, and alter-
nate liquids and solids. These interventions controlled 
the patient’s symptoms well.
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dilation. Most importantly, the surgeon must identify the eti-
ology of the narrowed segment with esophagoscopy and rule 
out carcinoma. Either rigid or flexible esophagoscopy can be 
utilized. Flexible endoscopic imaging, however, is favored 
because it can be easily performed under sedation or even 
awake, using TNE [69]. Stenotic segments at the cricopha-
ryngeal segment need to be carefully evaluated in the geriat-
ric patient. In many of these cases, the narrowing noted on 
barium swallow results from inadequate hyolaryngeal eleva-
tion and failure of cricopharyngeal opening, rather than true 
stenosis. Once the cricopharyngeal segment is identified as 
the true source of stenosis, the surgeon must differentiate 
whether the segment is stenotic or whether cricopharyngeal 
spasm is present. Stenotic segments respond to dilation 
(again after neoplasm is excluded).

Cricopharyngeal spasm is best treated with either botulinum 
toxin injection or cricopharyngeal myotomy. Cricopharyngeal 
myotomy has been traditionally performed with an external 
approach through the neck. Recently popularized endoscopic 
approaches offer a more minimally invasive approach, but 
long-term outcomes are pending [70].

With regard to dilation, serial dilation can be performed 
blindly with Maloney dilators or over a guide wire with 
Savary dilators. It can be performed under sedation or under 
general anesthesia. Caution should be used with rigid esopha-
goscopy due to reduced flexibility of the cervical spine and 
cervical osteophytes in older individuals, which make expo-
sure difficult and increase the risk for esophageal perfora-
tion. Radial dilation using balloon dilators passed under 
flexible esophagoscopy has become more commonplace 
because of this risk.

Zenker’s Diverticula

Zenker’s diverticula occur at a natural muscular dehiscence 
between the cricopharyngeus muscle and the inferior constric-
tor (Killian’s Triangle). They are easily visualized on barium 
swallow, but, because of their location by the esophageal inlet, 

they are harder to identify on endoscopy. The flexible endo-
scope tends to fall into the pouch, and the natural esophageal 
opening can be difficult to find. Due to the more frail nature of 
the esophageal wall in elderly individuals, extra caution must 
be taken with any resistance to endoscope passage.

The decision to treat a Zenker’s diverticulum depends on 
the severity of symptoms and the size of the pouch. Individuals 
with minimal dysphagia and a small pouch can be simply 
monitored. More severe symptoms warrant intervention. The 
treatment of Zenker’s diverticula can be approached either 
through an external or an endoscopic approach. The familiar 
external approach involves cricopharyngeal myotomy (the 
most important step) plus diverticulectomy or diverticu-
lopexy. Over the past decade, however, most patients are 
being treated with an endoscopic stapling or CO

2
 laser divi-

sion of the common wall between the cricopharyngeus and 
the pouch [71]. A cricopharyngeal myotomy is thereby also 
performed (Fig.  44.7a, b). This approach is less invasive, 
equally effective, has fewer complications, and in many areas 
has become the standard of care for initial treatment. Thus, 
in most situations, it is a more suitable initial approach in the 
geriatric patient.

Glottal Insufficiency

With age, the vocal folds become more atrophic, and indi-
viduals may have reduced glottal closure and protection of 
the airway during swallowing. Vocal fold paralysis also 
occurs more frequently in the elderly, usually arising iatro-
genically from anterior cervical spine, thyroid, and thoracic 
surgery, or from carcinoma of the lung involving the recur-
rent laryngeal nerve. The resulting glottal insufficiency can 
vary in severity. Some patients have minimal symptoms lim-
ited to mild vocal difficulties and some have severe symp-
toms with near complete loss of voice and severe dysphagia. 
A careful assessment of the patient’s voice and swallowing 
symptoms as well as a detailed laryngeal examination with 
in-office endoscopic laryngoscopy help direct treatment.

Figure 44.7  Endoscopic picture 
of a Zenker’s diverticulum.  
(a) Note the pouch inferiorly 
containing food material and the 
party wall between the pouch 
and the esophagus anteriorly.  
(b) Endoscopic stapling of the 
pouch simultaneously divides the 
cricopharyngeus and opens the 
pouch into the native esophagus.
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Glottal insufficiency can be treated with voice and swal-
lowing therapy from a speech-language pathologist, vocal 
fold injection augmentation, and laryngeal framework sur-
gery. An initial approach with therapy makes sense, particu-
larly for dysphagia symptoms, as most swallowing symptoms 
are improved with behavioral strategies, such as chin-tuck 
swallowing and head-turn swallowing [72]. Surgical options 
are reserved for cases when therapy fails or is likely to fail 
due to the severity of disease.

While Teflon vocal fold injection has been largely aban-
doned due to granuloma formation, other injectables are well 
suited to augment the vocal folds and improve glottal insuf-
ficiency. Collagen, carboxymethylcellulose, and hyaluronic 
acid injectables offer temporary augmentation in situations 
where function is expected to return. Calcium hydroxylapa-
tite can be used for more durable results. Vocal fold injection 
can be performed either under general anesthesia or awake in 
the office, endoscopy suite, or even at the bedside. Although 
less precise, awake injection offers the elderly patient signifi-
cant advantage in avoiding general anesthesia.

Laryngeal framework surgery refers to two main proce-
dures designed to reposition the vocal fold permanently: 
type-I thyroplasty and arytenoid adduction [73]. These 
procedures offer precise vocal fold medialization and are 
performed in the operating room under light sedation. 
Voice improvement has been clearly documented and 
although there is less evidence, swallowing improvement 
also occurs [74].

Other Procedures

Laryngectomy and laryngotracheal separation are uncom-
monly used for profound aspiration [75]. Laryngectomy 
separates the respiratory tract from the digestive tract and 
essentially eliminates aspiration. Patients experience signifi-
cant loss of quality of life largely related the permanent tra-
cheostoma and loss of laryngeal voice. Although voice can 
be restored through esophageal speech, tracheoesophageal 
puncture, and electrolaryngeal speech, laryngectomy is 
rarely performed for geriatric dysphagia. Laryngotracheal 
separation results in a similar effect as laryngectomy. 
Although theoretically reversible, voice rehabilitation is 
more difficult, and most patients can be managed with other 
techniques.

Tracheotomy is seldom performed for dysphagia alone, 
and should be considered a means for respiratory manage-
ment. A tracheotomy does not prevent aspiration, and may, 
in fact, make aspiration worse [76]. However, patients with a 
tracheotomy have better pulmonary toilet and access to the 
respiratory system for suctioning and ventilator use. Because 
of these advantages, caution should be taken in decannulat-
ing patients with severe dysphagia.

Summary

Dysphagia is common in the geriatric patient causing signifi-
cant functional and emotional quality-of-life impairment. 
Dysphagia in these patients is commonly multifactorial. 
Keen understanding of normal swallowing physiology and 
the common changes in the swallowing associated with aging 
are required in order to render an accurate diagnosis and 
therapeutic plan. MBS studies have been supplemented by 
flexible endoscopic evaluation of swallowing in the diagnos-
tic armamentarium for these patients. Early involvement of 
speech-language pathology is critical in the assessment and 
intervention of geriatric dysphagia. Judicious use of surgery 
can positively impact dysphagia in select cases.
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The head and neck region harbors a wide variety of 
malignancies. While the majority are easily treatable skin 
cancers, the bulk of mortality and morbidity comes from 
squamous cell carcinomas of the upper aerodigestive tract. 
Head and neck cancers account for approximately 3–5% of 
all cancers in the US. In 2007, more than 33,000 people were 
suffering from oral cavity, pharynx and laryngeal cancers in 
the US [1]. Moreover, head and neck cancers afflict the 
elderly population disproportionately.

The management of head and neck cancers has undergone 
major changes with the advent of new modalities such as 
organ preservation, partial resection, and microvascular free 
tissue transfers. In addition, new advances in chemotherapy 
and radiotherapy have offered new hope for patients. Few 
other areas of the body harbor as many critical organs as the 
head and neck. Consequently, diseases and treatments can 
cause significant morbidity and loss of critical function for 
the patient. While the results of surgery have improved quite 
significantly through the years, there are still major chal-
lenges in this field. One of the main problems is control of 
locoregional recurrence where there are few therapeutic 
options and treatment modalities can cause significant mor-
bidity. Another important treatment aspect for head and neck 
cancers is the importance of multidisciplinary involvement. 
The roles of speech therapists, nutritionists, pain manage-
ment, and maxillofacial prosthodontists can be as important 
as those of head and neck surgeons, medical oncologists, and 
radiation therapists. In spite of higher prevalence of head and 
neck cancers in the elderly population, there is paucity of 
data on the management and outcome of this group. Many 
myths and beliefs have prevented elderly patients from 
receiving standard therapies [2]. Traditionally, surgeons are 
reluctant to endeavor more aggressive surgical resections on 
this population. Furthermore, more recent trials of combined 
modality treatments such as concurrent chemoradation, often 
have excluded elderly candidates [3]. This lack of data adds 

to the challenges of head and neck cancer practitioner in 
planning optimal management of elderly patients. There is 
not always specific data or recommendations in management 
of different subsites of head and neck cancer in elderly. Based 
on evidence, these differences will be discussed in each 
section.

Clinical Anatomy of the Head and Neck

A basic understanding of anatomy is essential for all practi-
tioners involved in the care of head and neck cancer patients. 
The upper aerodigestive tract is divided into the nose and 
paranasal sinuses, oral cavity, pharynx, and larynx (Fig. 45.1). 
Salivary gland anatomy will be discussed later in this 
chapter.

The nasal cavity consists of the space between the vesti-
bule of the nose anteriorly and nasopharynx posteriorly. The 
lateral walls are bounded by turbinates and the nasal septum 
stands medially. The cribriform plate superiorly and hard 
palate inferiorly form the other two boundaries. The open-
ings of frontal, maxillary, and ethmoid sinuses lie in the 
middle meatus between the middle and inferior turbinates. 
Tumor blockage of these openings can cause symptoms of 
sinusitis and opacification of sinuses on radiologic studies. 
The maxillary sinus is the most common site for paranasal 
sinus tumors. The maxillary sinus is divided by an imaginary 
plane (Ohngren’s line) that runs between the medial canthus 
of the eye and the angle of mandible into the anteroinferior 
and superoposterior sections. Tumors of superoposterior sec-
tion are more challenging, since treatment often requires 
management of orbital floor and skull base. Up to 15% of 
patients with maxillary sinus tumors will present with metas-
tases to cervical node levels I and II. Sphenoid and frontal 
sinus tumors are quite uncommon.

The oral cavity is defined as the space between the ver-
milion of the lips and the junction of the hard and soft palate 
superiorly, and circumvallate papillae inferiorly. It is further 
divided into the vestibule (the space between the cheek and 
the teeth) and the oral cavity proper. Further subsites of 
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mouth include the lips, buccal mucosa, lower and upper 
alveolar ridges, retromolar trigone, floor of the mouth, hard 
palate, and anterior two-thirds of the tongue (oral tongue). 
Tumors of the oral cavity usually metastasize first to level I, 
then to level II and III of the cervical lymph nodes.

The pharynx is a muscular tube that communicates with 
the nasal, oral, and laryngeal cavities. It is divided into the 
nasopharynx superiorly, the oropharynx in the middle, and 
the hypopharynx inferiorly. The region between the skull 
base and the junction of the hard and soft palate is the 
nasopharynx. The oropharynx includes the base of tongue, 
vallecula, soft palate, tonsil, tonsillar fossa, and posterior 
pharyngeal wall. The hypopharynx consists of three areas: 
the pyriform sinus, the posterior pharyngeal wall between 
vallecula and cricoarytenoid joints, and the postcricoid area 
from the arytenoid cartilage to the inferior border of cricoid 
cartilage. Lymphatic drainage depends on the location of the 
lesion. While the nasopharynx drains into the upper part of 
the posterior triangle, the oropharynx drains to level II, and 
hypopharynx drains to levels II, III, and IV nodes. Base of 
the tongue lesion and those close to the midline have a pro-
pensity to metastasize bilaterally.

The larynx is divided into three parts. The supraglottic 
larynx extends from the hypopharynx to a horizontal plane 
passing through laryngeal ventricle. The epiglottis, aryepi-
glottic folds, arytenoid and false vocal cords make up the 
supraglottic larynx. This area has rich lymphatic drainage 
and lesions tend to metastasize early and bilaterally to the 
jugular chain. The glottic larynx, on the other hand, has very 
few lymphatic channels. This phenomenon, in addition to 
early symptoms due to hoarseness resulting from true vocal 
cord lesions, makes glottic cancer the most favorable of 
laryngeal cancers in terms of prognosis. Subglottic tumors 
are extremely rare. Most commonly, a glottic tumor extends 
to the subglottic area. Tumors involving the subglottic area 
tend to metastasize to the jugular chain and tracheoesopha-
geal nodes.

A thorough knowledge of the anatomy and classification 
of lymphatic structure of the head and neck is of utmost 
importance to all practitioners of head and neck cancers. 
Cervical lymph nodes are the most common site of metasta-
ses from different head and neck cancers and also a common 
locus of recurrence. The most commonly used method for 
classification of cervical lymph nodes is the one originally 

Figure 45.1  Sagittal section 
of the upper aerodigestive 
tract (From N Eng J med 328: 
184–194, 1993).
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devised by the Head and Neck Service at Memorial Sloan-
Kettering Cancer Center almost half a century ago and later 
adopted by American Head and Neck Society. The most 
recent revision was published in 2002 [4]. Since then minor 
refinements have been added to this classification [5]. In this 
system, the lymphatics of the neck are divided into six levels 
(Fig. 45.2). Level I is submandibular triangle lymph nodes; 
level II is upper jugular; level III is mid jugular; level IV is 
lower jugular; level V is posterior triangle lymph nodes; and 
level VI is anterior compartment, prelaryngeal, and paratra-
cheal lymph nodes. Nodes in the superior mediastinum below 
suprasternal notch and above innominate artery are consid-
ered level VII. Levels I, II, and V are further subdivided into 
A and B sublevels. Level IA is submental lymph nodes; IB is 
submandibular; IIA is upper jugular lymph nodes below the 
spinal accessory nerve; IIB is upper jugular lymph nodes 
above the spinal accessory nerve; VA is spinal accessory 
nodes; and VB is transverse cervical and supraclavicular 
nodes. Over much of the past century, management of cervi-
cal lymph nodes revolved around extensive radical opera-
tions (radical neck dissection) with emphasis on removal of 

all the lymph nodes and non-critical structures. Although 
this approach was effective in controlling the disease, it 
carried significant morbidity, the most well known being 
“shoulder syndrome” [6]. With improved understanding of 
the natural course of the disease and patterns of metastatic 
spread, this operation has evolved into a more selective and 
specific procedure (modified radical neck dissection and 
selective neck dissection) that removes only the most at risk 
lymphatic basins and tries to preserve the non-involved struc-
tures such as the internal jugular vein, accessory nerve, and 
sternocleidomastoid muscle. The details of lymphatic spread 
will be discussed later with each individual site.

Epidemiology and Risk Factors

Worldwide, head and neck cancers are among the ten most 
frequent cancers in men. More recent data analysis subdi-
vides head and neck cancers into oral cavity and pharynx in 
one group and larynx in another group. Based on most recent 
global data from 2002, the 5  year prevalence of head and 
neck cancers is estimated at more than one million people for 
oral cavity and pharynx, and more than 450,000 for larynx 
cancer [7]. The prevalence of head and neck cancer was 1.4 
times higher in less developed countries than developed 
regions of the world, which underscores the importance of 
developing and improving healthcare systems in these 
regions [8]. Globally, the highest rates of tongue and mouth 
cancer are reported from South Karachi, Pakistan for both 
men and women. Oropharynx and tonsil cancers were high-
est in Loire, France. Larynx cancer was highest in Basque, 
Spain and Sao Paolo, Brazil [8]. In the US, cancers of head 
and neck comprise about 3.3% of new cancer cases and 2% 
of all mortality from cancer, based on 2008 data [1]. Oral 
cavity and pharynx cancers are currently the eighth most 
common cancer in men in the United States. Head and neck 
cancers were 2.7 times more common in men than women.

In general, the incidence of head and neck cancers in US 
is declining; however, there is an observed increase in certain 
subpopulations. While the annual percentage change over a 
30 year period among African American women was minus 
1.38%, analysis of the 5 year period between 2000 and 2004 
showed an increase of 3.18% [9]. Worldwide, the picture is 
heterogeneous. In eastern and northern Europe, oral cavity 
and tongue cancers are increasing in incidence, while declin-
ing for men in France and Italy. The incidence of head and 
neck cancers is increasing amongst women in Germany, 
France, and the UK, and for both men and women in Spain. 
China and India show decreases in incidence for both men 
and women, while Japan shows an increase in both. In Latin 
America, pharynx cancer incidence is on the rise everywhere 
except in Costa Rica. The incidence of larynx cancer is 

Figure 45.2  Anatomic boundaries of six levels and sublevels of neck 
(From Archives of Ottolaryngology Head and Neck Surgery. 2008 
May;134(5):536–538).
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mostly stable or decreasing worldwide, except in those few 
countries such as Japan, Denmark, Norway, and Spain (only 
in women) which show increases [10].

Head and neck cancers are much more common in the 
elderly. The median age of diagnosis for oral cavity and 
pharynx cancers is 62 and for larynx cancer is 64 years old 
[11]. As the population grows older, an increase in the num-
ber of patients with head and neck cancers is expected.

The most well known and well studied risk factors for 
head and neck cancers are cigarette smoking and alcohol 
consumption. At least 75% of head and neck cancers diag-
nosed in industrialized countries can be attributed to the 
combination of these two risk factors. Based on a meta-
analysis of multiple studies worldwide, current cigarette 
smokers have a relative risk of 6.98 for developing larynx 
cancer, 6.76 for pharynx, and 3.43 for oral cavity cancers 
[12]. Former smokers are still at risk, although the risk is 
reduced depending on the years of abstinence. Smoking ces-
sation around the age of 50 can reduce the risk by 50%, how-
ever, cessation at about 30 years of age brings down the risk 
by up to 90% [13]. Other forms of tobacco use have all been 
shown to be associated with an increased risk of head and 
neck cancer. Chewing tobacco is shown to be a risk factor for 
hypopharyngeal cancer in never-smokers in a study from 
India [14]. Passive (involuntary or secondhand) smoking at 
home or work is also associated with increased risk [15].

Alcohol seems to have a synergistic effect on the carcino-
genic potential of tobacco. In addition, it has now been deter-
mined to be an independent risk factor for developing 
oropharynx, hypopharynx, and larynx cancers in never-
smokers [16]. There are no meaningful differences in con-
sumption of different types of alcohol and the risk is closely 
associated with frequency of alcohol consumption.

Viruses are known to be linked to the development of 
head and neck cancers. The most well known is Epstein-Barr 
Virus (EBV) and its association with nasopharyngeal cancer 
[17]. One of the more recently identified viruses is Human 
Papilloma Virus (HPV). HPV 16, a sexually transmitted 
virus, is now considered an etiologic factor for cancers of 
oropharynx. HPV has been attributed to the increase in inci-
dence of oropharyngeal cancers in men between 40–59 years 
old and among non-smokers and non-drinkers. Currently, it 
is estimated that 20–25% of head and neck cancers are asso-
ciated with HPV [18]. Cancers associated with HPV infec-
tion in general carry a better prognosis [19].

Other studied risk factors for developing head and neck 
cancers are oral carcinogens such as chewing betel nut with 
lime and catechu (in a quid of betel leaf called paan); dietary 
factors – there is an inverse ratio between consumption of 
fruits and vegetables and development of head and neck 
cancers [20, 21]; tooth loss [22], and even socioeconomic 
status [23]. Plummer–Vinson syndrome is associated with a 

high incidence of postcricoid carcinoma in Europe, but this 
condition is quite rare in the US. There are a few occupations 
that are associated with a higher risk for head and neck can-
cer. Nickel refining is associated with laryngeal cancer, 
woodworking with cancers of nasal cavity and paranasal 
sinuses, and steel and textile workers with oral cancers. 
Genetically inherited syndromes such as Li-Fraumeni and 
Bloom can cause an increase in risk of head and neck cancers 
through increased susceptibility to environmental carcino-
gens. The significance of heavy exposure to carcinogens is 
less pronounced in cancers developing after seventh decade 
of life, as well as genetic mutations such as p53 [24].

Prevention

A large number of head and neck cancers can be prevented 
by modifications in lifestyle. Smoking cessation and limiting 
alcohol use show the greatest proven benefit. Limiting expo-
sure to known toxins and maintaining dental hygiene are of 
potential benefit and feasible with minimal cost. Early inter-
vention in documented premalignant lesions or second pri-
mary tumors after treatment may reduce the risk of further 
progression of disease. Vitamin A analogs and cis-retinoic 
acid were initially implicated with beneficial effects in pre-
venting second primary tumors, but subsequent trials did not 
show any benefit [25, 26]. Because of the role of HPV in 
developing oropharyngeal cancers, vaccination against this 
virus might eventually become an accepted method of 
prevention.

Natural History of the Disease

Although diagnosis of most head and neck cancers is rela-
tively easier than cancers of internal organs, only one-third 
of patients with oral cavity and pharynx cancers are diag-
nosed while the disease is still localized. About 44% of 
patients are diagnosed with regional disease and 14% with 
distant metastasis. Head and neck cancers in most cases fol-
low an orderly pattern of progression. Squamous cell carci-
nomas arise from expansion of a genetically altered 
population of epithelial cells. Cell populations that have the 
potential of invasion will produce a number of proteases and 
also recruit local fibroblasts and macrophages to actively 
destroy the epithelial basal membrane [27]. After destruction 
of basal membrane there is the potential of regional and dis-
tant spread of tumor.

Based on a series of studies at Memorial-Sloan Kettering 
Cancer Center by Shah and colleagues [28–31], there is a 
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better understanding of patterns of lymphatic spread in 
head and neck cancers. Lymphatic spread happens in an 
orderly fashion in the majority of cases based on the loca-
tion of tumor (Table 45.1). These patterns will be discussed 
separately for individual tumors. A number of characteris-
tics are predictors of high probability of distant metastasis. 
Location of the primary tumor, initial T and N stage of the 
neoplasm, and the presence or absence of locoregional 
control above the clavicle are the most important ones 
[32]. Primary tumors of hypopharynx, oropharynx, and 
oral cavity of high T stage are associated with the highest 
incidence of distant metastasis. Patients with advanced 
nodal disease also have a high risk of distant metastasis, 
especially if the jugular vein is invaded or if soft tissues of 
the neck are extensively involved by the disease. The lungs 
are the most common site of distant metastasis and account 
for approximately 66% of cases [32]. Multiple pulmonary 
nodules are a very suspicious sign of distant metastasis in 
head and neck cancers; however, a solitary pulmonary 
nodule might make it quite difficult to distinguish a second 
primary in the lung from a metastatic lesion. Other sites 
include bone (22%), liver (10%), skin, mediastinum, and 
bone marrow.

Other less frequent patterns of spread might happen in 
selected subpopulations of patients. Tumors may spread 
along the nerves. This is particularly important in treatment 
planning for tumors that involve the mandible and might 
invade the inferior alveolar nerve. Direct invasion of other 
nerves in the neck, such as the hypoglossal, lingual, vagus 
and the sympathetic chain, may also occur by tumors in their 
vicinity. High grade tumors of parotid glands are well known 
to involve the facial nerve, especially when they are large 
and bulky. Benign tumors almost never cause paralysis even 
when they are of substantial size. Another route is aberrant 
metastatic spread. This is more common in patients who 
have undergone previous treatment for head and neck cancer. 
Patients after radiotherapy or radical neck dissection are at 
risk for developing aberrant metastases to the neck, and sub-
cutaneous and cutaneous sites.

Second Primary Tumors

Head and neck cancer patients are at risk of harboring 
(synchronous) or developing (metachronous) a second pri-
mary tumor. Carcinogens such as tobacco and alcohol will 
affect the entire mucosal surface (field cancerization) [33] 
and the potential for malignant transformation remains even 
after removal of the noxious agent. These tumors can be a 
“true second primary tumor” with a different genetic finger-
print from the index lesion, or can be similar to the index 
tumor and arise from the premalignant lesions in the affected 
field (second field tumor) [34]. The annual incidence of sec-
ond primary tumors is estimated to be approximately 4% 
[35–37]. Overall incidence can be as high as 27% in some 
reports [35] and as low as 9% in others [38]. These tumors 
are more common in younger patients [38] and the median 
time to presentation is around 3 years [38]. The prognosis of 
second primary tumors is not favorable [39]. This phenome-
non necessitates the continued and long term close follow-up 
of the head and neck cancer patients.

Clinical Presentation

Many cancers of head and neck can be easily detected by 
patients or on routine examination. A chronic ulcer, new or 
persistent lump in the neck (Fig.  45.3), or new onset of 
hoarseness or dysphagia are such examples. In spite of these 
obvious alarming symptoms, two out of three head and neck 
cancer patients will be diagnosed in an advanced stage. This 
is in part due to patients’ negligence, but also reflects a com-
ponent of delayed diagnosis in some cases [40, 41]. It is wise 
to consider the possibility of cancer in high risk patients with 
the new onset of symptoms, even when they are non-specific 
and vague. Symptoms and signs of head and neck cancer can 
be divided into two groups: local symptoms and generalized 
symptoms. The most common generalized symptom in head 

Table 45.1  Percentage of metastatic lymph nodes involved in elective (E) and therapeutic (T) radical neck dissections

Level of nodes

Primary site

Oral cavity Oropharynx Hypopharynx Larynx

E (%) T (%) E (%) T (%) E (%) T (%) E (%) T (%)

I 58 61   7 17   0 10 14   8
II 51 57 80 85 75 78 52 68
III 26 44 60 50 75 75 55 70
IV   9 20 27 33   0 47 24 35
V   2   4   7 11   0 11   7   5
Source: Reprinted from Shah JP (1990) Patterns of cervical lymph node metastasis from squamous carcinomas of the upper aerodigestive tract. 
Am J Surg 160(4):405–409
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and neck cancer is unexplained weight loss and usually 
happens late in the course of disease, or when it is related to 
difficulties in swallowing (dysphagia). Local symptoms 
depend on the location of tumor. Some tumors can be symp-
tomatic at a very early stage. True vocal cord tumors are such 
an example. On the other hand, tumors of nasopharynx or 
hypopharynx can go undetected for long periods of time.

Nasal cavity and paranasal sinus tumors can remain 
undetected for extended periods of time. Most of the early 
symptoms such as nasal obstruction, rhinorrhea, and sinus 
congestion are quite similar to benign processes of sinusitis 
and allergic rhinitis. Late symptoms can include recurrent 
epistaxis, malar swelling, and diplopia that may happen in 
advanced stages of maxillary sinus tumors. Oral cavity 
tumors usually manifest with painful ulcerations, slurred 
speech, bleeding or an exophytic mass. Nasopharyngeal 
cancers may present in early stages with unilateral otitis 
media. Oropharynx and hypopharyngeal tumors can cause 
odynophagia, dysphagia, change of voice and, occasionally, 
airway obstruction. Laryngeal tumors can become symp-
tomatic very early if they are located on vocal cords with 
changes in voice. Supraglottic and subglottic cancers can be 
relatively asymptomatic for long periods and show up later 
with dysphagia, odynophagia, and throat pain, or airway 
compromise.

Pain is not commonly associated with early head and 
neck cancers. Most commonly the pain is mediated by 
branches of the trigeminal, or glossopharyngeal and vagus 
nerves. Pharyngeal and laryngeal tumors can cause referred 
pain in ear through the glossopharyngeal and vagus nerves. 
Hypopharyngeal and base of tongue tumors also can cause 
ear pain through the nerve of Arnold (auricular branch of 
facial nerve). In advanced cases, patients may present with 
involvement of skin of the face and neck, mandibular 
involvement and loss of teeth, severe pain, and dysphagia, or 

airway distress. Oral cavity tumors can erode through the 
subcutaneous tissue and skin and cause an orocutaneous fis-
tula in advanced, neglected cases.

Diagnostic Workup

A complete history and physical exam is the first step in 
assessing any patient with suspicion for head and neck can-
cer. In obtaining the history, attention to symptoms and signs 
more related to head and neck tumors such as non-healing 
ulcers, sore throat, hoarseness or any voice changes is of 
obvious importance. In addition, asking about symptoms of 
otalgia, odynophagia, malar swelling, etc. that patients might 
not relate to their problem can reveal valuable information. 
General symptoms of malaise, fatigue, and weight loss 
should not be overlooked either. A complete exam of head 
and neck region involves several steps. Examination starts 
with a detailed survey of the region visually and continues by 
palpation of thyroid gland, neck, and bimanual examination 
of the floor of the mouth and base of the tongue. Mirror 
examination of the larynx and rigid or fiberoptic nasopharyn-
golaryngoscopy should be considered part of a routine head 
and neck exam. Certain areas are prone to be overlooked. 
The examiner should pay attention to the scalp, the nape of 
the neck, and the gingivolabial and gingivobuccal sulci. Most 
head and neck surgeons perform fine needle aspiration (FNA) 
of suspicious neck masses or thyroid nodules and salivary 
gland tumors as an office procedure, or they may be per-
formed with ultrasound for better localization of the mass.

Imaging

Conventional X-rays, except for a Panorex of the mandible, 
are of very limited value in evaluating head and neck cancers 
and are not being used. A panoramic view of the mandible, 
however, is still valuable in assessing the possibility of man-
dibular invasion and also in preoperative evaluation for man-
dibular reconstruction with tissue transfer. A routine chest 
X-ray is performed in all head and neck cancer patients to rule 
out possible lung metastasis. Ultrasound is quite helpful in 
assessing neck masses, thyroid nodules, and in directing FNA 
of suspected lesions. The CT scan has become the mainstay of 
imaging in head and neck cancers. This modality provides 
excellent detail in deep tumors, relation of tumors with adja-
cent structures, and also in assessing the lymphatics of the 
head and neck (Fig. 45.4). The CT scan has superior resolu-
tion to MRI in assessing bony structures and should be 
obtained if there is any suspicion of bony involvement. MRI is 
commonly used and provides superior resolution in assessing 

Figure 45.3  Left neck mass. Slowly growing asymptomatic mass in an 
otherwise healthy elderly man. Final diagnosis was pleomorphic ade-
noma of left parotid gland.
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soft tissue, blood vessels, and nerves. It is not uncommon now 
to obtain both CT and MRI in assessing some head and neck 
tumors such as parapharyngeal space masses. Functional 
imaging using fluorodeoxyglucose-positron emission tomog-
raphy (FDG-PET) is being used more commonly, especially 
for initial evaluation and follow-up of patients with malignant 
neoplasms. This modality is quite sensitive in detecting nodal 
spread or distant metastasis or both [42]. The Combined PET 
and CT provides more accurate results than each modality 
alone and is being utilized more often [43]. PET is especially 
helpful in the follow-up of patients and surveillance for recur-
rent disease.

Examination Under Anesthesia

Examination under anesthesia (EUA) is an important diag-
nostic and staging tool for the head and neck surgeon. This 
modality can be used in examining patients with oral cavity 
tumors with trismus, and patients with pharyngeal and laryn-
geal cancers. Rigid esophagoscopy is probably not needed in 
all patients, but in patients with hypopharyngeal tumors, a 
thorough examination of the esophagus is mandatory to 
determine the extent of the lesion. Bronchoscopy is also per-
formed in select cases based on the judgment of the treating 
physician and the nature of the disease, such as subglottic 
tumors.

Similar to all areas of oncology an accurate tissue diagnosis 
is the cornerstone of the management. The role of head and 
neck surgeon in obtaining adequate and appropriate tissue is 

as important as the pathologist that interprets the specimen. 
A  few techniques are commonly used: punch biopsy, exci-
sional biopsy, curettage, core-needle biopsy, and FNA. Each 
of these techniques is valuable in assessing certain types of 
lesions.

Punch biopsy is used quite commonly in mucosal lesions 
of head and neck. The preferred place is in the periphery of 
the lesion and the forceps commonly used is a cup forceps. 
A small sample usually is adequate to make a diagnosis. If a 
lesion is necrotic or appears to be infected, then the tissue 
should be obtained from a fleshy non-ulcerated section of the 
lesion. Small oral cavity lesions can be easily excised as a 
whole and submitted as an excisional biopsy with satisfac-
tory margins. In cases of diffuse leukoplakia or erythropla-
kia, using vital dyes such as toluidine blue can be quite 
helpful to guide the surgeon to the most suspicious area. 
Incisional biopsy is used in lesions of the skin and soft tissue, 
and submucosal masses of the oral cavity and pharynx. 
Sampling irradiated tissue can be challenging since there can 
be edema or late radiation changes such as scarring and 
fibrosis. Asking for frozen samples to ascertain adequacy of 
tissue can be quite helpful in expediting the diagnostic pro-
cess and avoiding extra procedures.

Fine needle aspiration was first described by Hayes Martin 
in 1930 [44]; however, out of fear of tumor implantation in 
the needle tract, it was not utilized extensively until the 
1970s. Currently, FNA is the method of choice for evaluating 
most head and neck masses and is especially useful in assess-
ing cervical lymphadenopathy [45], thyroid nodule, and sali-
vary gland masses [46]. All practitioners dealing with head 
and neck cancer should be quite proficient in this technique. 
FNA biopsy interpretation requires a pathologist experienced 
in cytology.

The results of FNA biopsy can be interpreted as adequate 
or inadequate. If the sample is adequate, it can be metastatic 
squamous cell carcinoma, metastatic adenocarcinoma, meta-
static thyroid carcinoma, or suspicious for lymphoma. An 
algorithm can be used in patients presenting with malignant 
features (Fig. 45.5). As valuable as FNA biopsy is in diagno-
sis, there are possible pitfalls and the clinician should inter-
pret the results in the context of the all the available 
information. Further investigation, such as open biopsy, 
should be pursued if there are discrepancies between the 
results of FNA and the clinical picture.

Molecular Genetics and Pathogenesis

Over the past few decades major advances in understanding 
the genetic basis of development of squamous cell carcino-
mas of head and neck has occurred. The prevailing theories 
at this time propose a model of progressive genetic and 

Figure 45.4  CT Scan image of advanced hypopharyngeal tumor. The 
image provides excellent details in extent of local invasion to adjacent 
structures. Note destruction of thyroid cartilage and invasion of larynx 
by tumor.
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phenotypic changes from normal mucosa to hyperplasia to 
premalignant lesion, carcinoma in situ and finally invasive 
cancer [47–49]. The genetic alterations in general cause 
activation of proto-oncogenes and inactivation of tumor 
suppressor genes. This can happen through deletion, point 
mutation, promoter methylation, or gene amplification. The 
most common genetic abnormality in premalignant lesions 
and head and neck SCCs is loss of heterozygosity in chro-
mosomal region 9p21 [50, 51]. This abnormality is seen in 
70–80% of cases. Loss of chromosomal heterozygosity 
(LOH) in 3p, 17p, 11q, and 13q are also seen in premalig-
nant lesions and head and neck cancers with decreasing fre-
quency [52–55]. LOH in chromosome 17p and p53 gene 
mutation are seen in 50% of head and neck cancers [56, 
57]. Loss of 9p21 is considered an early event in progres-
sion of squamous neoplasia. This abnormality is seen in up 
to 30% of squamous hyperplasia [50, 51, 58]. On the other 
hand, abnormalities such as 17p loss and p53 deletion hap-
pen later in the process [59, 60]. Other abnormalities are 
associated with different tumor behavior. Amplification of 
11q13 is associated with increased rate of lymph node 
metastases and overall poor prognosis [61–63]. Deletion of 

the p53 gene has been associated with reduced survival 
after surgical treatment of head and neck cancers [64]. 
Interestingly this mutation is less common in head and 
cancer occurring after 70 years old [24].

Another relatively recent discovery is the role of Epidermal 
Growth Factor Receptor (EGFR) in head and neck cancers. 
EGFR belongs to the family of tyrosine kinase receptors. 
Binding of ligands results in activation of many downstream 
cascades that regulate cell proliferation, apoptosis, metastatic 
potential, and angiogenesis. EGFR can also be activated by 
other factors such as platelet derived growth factor and 
insulin-like growth factor. EGFR protein expression is seen in 
90% or more of head and neck cancers [65] and many retro-
spective studies have shown that tumors that overexpress 
EGFR have a poor prognosis [66]. New medications 
(Cetuximab) have now been developed to target this receptor 
with successful results [67]. Angiogenesis is considered a 
fundamental process in the progression of malignant tumors. 
There are many proangiogenic and antiangiogenic factors that 
regulate this process. Vascular endothelial growth fac-
tor (VEGF) and its receptors have been extensively studied and 
their role in other solid tumors is established [68]. VEGF also 

Figure 45.5  Algorithm for the management of cervical lymphade-
nopathy. (H&N) Head and Neck, (FNA) Fine Needle Aspiration, 
(Met) Metastatic, (SCC) Squamous cell carcinoma (Reprinted from 

Shaha A et al (1986) Fine-needle aspiration in the diagnosis of cervical 
lymphadenopathy. Am J Surg 152(4):420–423).
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can be upregulated in head and neck cancers with prognostic 
significance [69]. Antiangiogenesis drugs are currently under 
investigation for use against head and neck SCCs.

Pathologic Classification

The majority of the upper aerodigestive tract is covered with 
squamous epithelial cells and therefore the majority of 
tumors in this area arise from these cells (squamous cell car-
cinoma). Other well known, but less frequent tumors can 
occur. Adenocarcinomas, melanomas, minor salivary gland 
tumors, sarcomas, and lymphomas have all been described to 
arise from this region.

In the spectrum of squamous cell malignancies, there are 
a few terms to describe premalignant and different varieties 
of malignant neoplasms. Oral epithelial dysplasia manifests 
itself in two dominant forms. Leukoplakia is defined as a 
predominantly white lesion that cannot be wiped away and 
cannot be characterized as any other specific disease entity 
on the basis of clinical features. Erythroplakia is defined as 
a red, velvety surface lesion. Lesions consisting of mixed 
white and red lesions are called “erythroleukoplakia” or 
“speckled leukoplakia”. In general, the risk of cancer aris-
ing from erythroplakia is considered higher than leukopla-
kia and in mixed lesions the red areas are more prone to 
transform to malignancy. Under the microscope these 
lesions show a range of histologic changes from nondys-
plastic epithelial hyperplasia to nuclear pleomorphism, 
increased mitoses, and architectural disturbances. The risk 
of developing malignancy in leukoplakic and erythroplakic 
lesions is dependent on the degree of dysplasia and other 
histologic factors. In lesions where dysplasia is present the 
risk can range from 11 to 36% depending on the length of 
follow-up [70–72]. Proliferative verrucous leukoplakia has 
been reported to have a malignant transformation rate as 
high as 70% [73].

Verrucous carcinoma is a rare and low grade variant of 
squamous cell carcinoma. It is more common in older men 
with a long standing history of smokeless tobacco abuse and 
comprises only 3% of oral cavity cancers in the US [74]. 
The appearance is quite unique and characteristic. It occurs 
most commonly in the buccal mucosa, the mandibular or 
maxillary vestibule, or the alveolar ridge and corresponds 
with the site of tobacco placement. The tumor usually 
appears as white, diffuse, thickened plaque with a distinct 
warty or papillary surface. Verrucous carcinoma is consid-
ered a low grade squamous cell carcinoma. It generally has 
a better prognosis due to its exophytic and slow growth pat-
tern and highly differentiated nature. It can undergo dedif-
ferentiation to more aggressive forms [75, 76]. The treatment 
is generally surgical excision, but primary radiotherapy has 

also been successfully used. Sarcomatoid and basaloid vari-
eties of squamous cell carcinoma on the other hand are more 
aggressive and have a higher rate of lymph node metastases. 
Basaloid carcinoma also has a high rate of distant metasta-
ses [77].

Other subtypes of squamous cell carcinoma in the head 
and neck are exophytic, ulcerating, and infiltrating. Infiltrating 
tumors usually have a worse prognosis. Tumors with lym-
phoid stroma are classified as lymphoepithelial carcinomas 
or lymphoepitheliomas. These are usually poorly differenti-
ated tumors that most commonly occur in the nasopharynx 
and tonsil. They are quite radiosensitive.

A few other pathologic factors have been mentioned as 
determinants of prognosis. Presence of lymphatic, vascular, 
or perineural invasions are among those. Depth of invasion 
has been shown to predict a higher likelihood of cervical 
lymph node involvement [78].

Staging

Accurate staging of head and neck cancers is extremely 
important in determining the prognosis, treatment plans, 
and expected outcomes. It is recommended that all the infor-
mation be gathered accurately and entered in the medical 
record as primary data. The staging systems have changed 
multiple times through history and without doubt will 
undergo more modifications. The advantage of retaining 
primary data lies in the fact that even when the classification 
systems change, one can accurately stage the patient in the 
correct group.

The staging system currently used for head and neck 
cancers is based on the sixth edition of AJCC-UICC TNM 
system [79]. The last modification was introduced in 2003 
and significant changes were implemented [80]. This system 
is based on the characteristics of primary tumor (T), extent of 
nodal involvement (N), and status of distant metastasis (M). 
The T stage is primarily based on size and is site specific in 
head and neck cancer. One of the major changes in the 
new edition was subdivision of stage T4 to T4a and T4b, to 
differentiate between locally advanced tumors that are 
surgically resectable (T4a) and those that are not (T4b) 
(Tables 45.2–45.6).

The N stage is uniform for all head and neck cancers 
except tumors of nasopharynx and thyroid (Tables 45.7 and 
45.8). M stage is based on absence (M0) or presence (M1) of 
distant metastasis (Table 45.9). The overall stage of the tumor 
consists of stages I–IV. Stage IV is now subdivided into three 
categories (IVa, IVb, and IVc) mostly based on the reorgani-
zation of T stage category. Stage I and II are considered early 
disease and prognosis in general is more favorable than 
advanced (III and IV) cancers (Tables 45.10 and 45.11).
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Table 45.2  T staging for tumors of the lip and oral cavity

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor 2 cm or less in greatest dimension
T2 Tumor more than 2 cm but not more than 4 cm in 

greatest dimension
T3 Tumor more than 4 cm in greatest dimension
T4a Moderately advanced local disease
  Lip Tumor invades through cortical bone, inferior 

alveolar nerve, floor of mouth, or skin of face, 
that is, chin or nose

  Oral cavity Tumor invades adjacent structures only (e.g., 
through cortical bone [mandible or maxilla] into 
deep [extrinsic] muscle of tongue [genioglossus, 
hyoglossus, palatoglossus, and styloglossus], 
maxillary sinus, skin of face)

T4b Very advanced local disease 
Tumor involves masticator space, pterygoid plates, or 

skull base and/or encases internal carotid artery
Source: Used with permission of the American Joint Committee on 
Cancer (AJCC®), Chicago, Illinois. The original source for this material 
is the AJCC Cancer Staging Handbook, Seventh Edition (2009) Page 
55, published by Springer Science and Business Media, LLC, www.
springerlink.com

Table 45.3  T staging for tumors of the pharynx

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ

Nasopharynx

T1 Tumor confined to the nasopharynx, or tumor extends to oropharynx and/or nasal cavity without parapharyngeal extensiona

T2 Tumor with parapharyngeal extensiona

T3 Tumor involves bony structures of skull base and/or paranasal sinuses
T4 Tumor with intracranial extension and/or involvement of cranial nerves, hypopharynx, orbit or with extension to the 

infratemporal fossa/masticator space

Oropharynx

T1 Tumor 2 cm or less in greatest dimension
T2 Tumor more than 2 cm but not more than 4 cm in greatest dimension
T3 Tumor more than 4 cm in greatest dimension
T4a Moderately advanced local disease

Tumor invades the larynx, extrinsic muscle of tongue, medial pterygoid, hard palate, or mandibleb

T4b Very advanced local disease
Tumor invades lateral pterygoid muscle, pterygoid plates, lateral nasopharynx, or skull base or encases carotid artery

Hypopharynx

T1 Tumor limited to 1 subsite of hypopharynx and/or 2 cm or less in greatest dimension
T2 Tumor invades more than 1 subsite of hypopharynx or an adjacent site, or measures more than 2 cm, but not more than 4 cm 

in greatest diameter without fixation of hemilarynx
T3 Tumor measures more than 4 cm in greatest dimension or with fixation of hemilarynx or extension to esophagus
T4a Moderately advanced local disease

Tumor invades thyroid/cricoid cartilage, hyoid bone, thyroid gland, or central compartment soft tissuec

T4b Very advanced local disease
Tumor invades prevertebral fascia, encases carotid artery, or involves mediastinal structures

Source: Used with permission of the American Joint Committee on Cancer (AJCC®), Chicago, Illinois. The original source for this material is the AJCC 
Cancer Staging Handbook, Seventh Edition (2009) Page 69, published by Springer Science and Business Media, LLC, www.springerlink.com
a Note: Parapharyngeal extension denotes posterolateral infiltration of tumor
b Note: Mucosal extension to lingual surface of epiglottis from primary tumor of the base of the tongue and vallecula does not constitute invasion 
of larynx
c Note: Central compartment soft tissue includes prelaryngeal strap muscles and subcutaneous fat

Principles of Treatment

Treatment of head and neck cancers is truly a multimodality, 
comprehensive, and team-based discipline. A multidisci-
plinary approach is the basic foundation of management of 
head and neck cancers. It requires considering many factors 
as diverse as tumor characteristics and patient’s overall 
health to availability of resources and expertise. The most 
sensible treatment regimen is the one that is tailored to the 
patient’s specific needs and circumstances. The treatment 
regimen will differ based on tumor site, depth of invasion, 
pathology, and clinical behavior. On the patient side, age, 
co-morbidities, risk factors, and patient cooperation and 
preferences are all very important factors. The availability 
of resources and expertise and the practicality of the treat-
ment regimen are also significant determinants of the ulti-
mate plan. Only a comprehensive approach involving all 
practitioners along with the active participation of the patient 
and their support group will maximize the chances of opti-
mal treatment. While the majority of principles of treatment 
are the same for the elderly population, there exist notable 
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differences. These differences will be discussed in each 
modality and for each subsite. Similar to other areas of geri-
atric medicine, comprehensive geriatric assessment [81, 82] 
is an essential part of approach to the treatment of head and 
neck cancer in elderly.

The three pillars of treatment in head and neck cancers are 
surgery, radiotherapy, and chemotherapy. Chemotherapy is 
the most recently adopted modality, but in recent years note-
worthy evidence has made it a mainstream component of 
head and neck cancer treatment, especially in the form of 
multimodality treatments.

Surgery continues to be the standard and most established 
treatment for the majority of head and neck cancers. Although 
the principles of surgical treatment have been established for 
more than a hundred years, new techniques, technologies, 

and concepts continue to propel the field into new frontiers. 
The emphasis is now on minimizing the sequela of surgery 
and maximizing the preservation of form and function. A few 
major advances have revolutionized surgical treatment of 
head and neck cancer. The first one is the acceptance of 
selective, more precise, and more limited resections based on 
the knowledge of the anatomy and clinical behavior of 
the tumor. Laser microsurgery of laryngeal tumors and tran-
soral resection of pharyngeal tumors, without the need for 
mandibulotomy, and widespread use of selective neck dissec-
tion, are prominent examples. By far the most significant 
improvement is the introduction and subsequent refinements 
of free tissue transfer for reconstruction of surgical defects. 
This technique allows for extensive surgical resection of 
advanced tumors and reconstructing the resultant defect with 

Table 45.4  T staging for tumors of the larynx

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ

Supraglottis
T1 Tumor limited to one subsite of supraglottis with normal vocal cord mobility
T2 Tumor invades mucosa of more than one adjacent subsite of supraglottis, or glottis, or region outside the supraglottis  

(e.g., mucosa of base of tongue, vallecula, medial wall of pyriform sinus) without fixation of the larynx
T3 Tumor limited to larynx with vocal cord fixation and/or invades any of the following: postcricoid area, preepiglottic space, 

paraglottic space, and/or inner cortex of thyroid cartilage erosion
T4a Moderately advanced local disease

Tumor invades through the thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft tissues of neck 
including deep extrinsic muscle of the tongue, strap muscles, thyroid, or esophagus)

T4b Very advanced local disease
Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures

Glottis
T1 Tumor limited to the vocal cord(s) (may involve anterior or posterior commissure) with normal mobility
  T1a Tumor limited to one vocal cord
  T1b Tumor involves both vocal cords
T2 Tumor extends to supraglottis and/or subglottis and/or with impaired vocal cord mobility
T3 Tumor limited to larynx with vocal cord fixation and/or invasion of paraglottic space, and/or inner cortex of the thyroid 

cartilage
T4a Moderately advanced local disease

Tumor invades through the outer cortex of the thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft 
tissues of neck including deep extrinsic muscles of the tongue, strap muscles, thyroid, or esophagus)

T4b Very advanced local disease
Tumor invades prevertebral space, encases carotid artery or invades mediastinal structures

Subglottis
T1 Tumor limited to the subglottis
T2 Tumor extends to vocal cord(s) with normal or impaired mobility
T3 Tumor limited to larynx with vocal cord fixation
T4a Moderately advanced local disease

Tumor invades cricoid or thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft tissues of neck 
including deep extrinsic muscles of the tongue, strap muscles, thyroid, or esophagus)

T4b Very advanced local disease
Tumor invades prevertebral space, encases carotid artery, or involves mediastinal structures

Source: Used with permission of the American Joint Committee on Cancer (AJCC®), Chicago, Illinois. The original source for this material is the AJCC 
Cancer Staging Handbook, Seventh Edition (2009) pp: 84–85, published by Springer Science and Business Media, LLC, www.springerlink.com
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autologous tissue with excellent functional and cosmetic 
results and long term durability. More recently, robotic 
surgery has been explored by a few select institutions in treat-
ment of early tonsil and oropharyngeal cancers as well as 
skull base tumors [83–87]. The initial results are promising; 
however, the eventual benefits and advantages of this tech-
nique over current standards will need further investigation.

Surgical excision also provides the clinician with the most 
accurate data on the pathology of the tumor, extent of inva-
sion, and status of regional lymph nodes. It’s not uncommon 
to upstage tumors based on the findings of the surgical speci-
men and final pathology report. This information is quite 
valuable in tailoring further courses of therapy and determin-
ing the need for adjuvant radiotherapy. Currently there are no 
uniform unresectability criteria; however, most surgeons 
consider invasion of carotid artery, base of skull, and prever-
tebral musculature as unresectable disease.

Assessing elderly patients for the most suitable surgical 
therapy continues to be a dilemma for head and neck 

Table 45.5  T staging for tumors of the nasal cavity and paranasal sinuses

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ

Maxillary sinus
T1 Tumor limited to the maxillary sinus mucosa with no erosion or destruction of bone
T2 Tumor causing bone erosion or destruction including extension into the hard palate and/or middle nasal 

meatus, except extension to posterior wall of maxillary sinus and pterygoid plates
T3 Tumor invades any of the following: bone of the posterior wall of maxillary sinus, subcutaneous tissues, floor 

or medial wall of orbit, pterygoid fossa, and ethmoid sinuses
T4a Moderately advanced local disease

Tumor invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal fossa, cribriform plate, 
sphenoid or frontal sinuses

T4b Very advanced local disease
Tumor invades any of the following: orbital apex, dura, brain, middle cranial fossa, cranial nerves other than 

maxillary division of trigeminal nerve (V2), nasopharynx, or clivus

Nasal cavity and ethmoid sinus
T1 Tumor restricted to any one subsite, with or without bony invasion
T2 Tumor invading two subsites in a single region or extending to involve an adjacent region within the nasoeth-

moidal complex, with or without bony invasion
T3 Tumor extends to invade the medial wall or floor of the orbit, maxillary sinus, palate, or cribriform plate
T4a Moderately advanced local disease

Tumor invades any of the following: anterior orbital contents, skin of nose or cheek, minimal extension to 
anterior cranial fossa, pterygoid plates, sphenoid or frontal sinuses

T4b Very advanced local disease
Tumor invades any of the following: orbital apex, brain, middle cranial fossa, cranial nerves other than V

2
, 

nasopharynx, or clivus
Source: Used with permission of the American Joint Committee on Cancer (AJCC®), Chicago, Illinois. The original source for this material is the AJCC 
Cancer Staging Handbook, Seventh Edition (2009), page 98, published by Springer Science and Business Media, LLC, www.springerlink.com

Table 45.6  T staging for tumors of the major salivary glands

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 2 cm or less in greatest dimension without extraparen-

chymal extensiona

T2 Tumor more than 2 cm but not more than 4 cm in greatest 
dimension without extraparenchymal extensiona

T3 Tumor more than 4 cm and/or tumor having extraparenchy-
mal extensiona

T4a Moderately advanced local disease
Tumor invades skin, mandible, ear canal, and/or facial nerve

T4b Very advanced local disease
Tumor invades skull base and/or pterygoid plates and/or 

encases carotid artery
Source: Used with permission of the American Joint Committee on 
Cancer (AJCC®), Chicago, Illinois. The original source for this material 
is the AJCC Cancer Staging Handbook, Seventh Edition (2009) Page 
105, published by Springer Science and Business Media, LLC, www.
springerlink.com
a Note: Extraparenchymal extension is clinical or macroscopic evidence 
of invasion of soft tissues. Microscopic evidence alone does not consti-
tute extraparenchymal extension for classification purposes
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Table 45.11  Stage grouping for tumors of the nasopharynx

Stage group T stage N stage M stage

0 Tis N0 M0
I T1 N0 M0
II T1 N1 M0

T2 N0 M0
T2 N1 M0

III T1 N2 M0
T2 N2 M0
T3 N0 M0
T3 N1 M0
T3 N2 M0

IVA T4 N0 M0
T4 N1 M0
T4 N2 M0

IVB Any T N3 M0
IVC Any T Any N M1
Source: Used with permission of the American Joint Committee on 
Cancer (AJCC®), Chicago, Illinois. The original source for this material 
is the AJCC Cancer Staging Handbook, Seventh Edition (2009), page 
63, published by Springer Science and Business Media, LLC, www.
springerlink.com

Table 45.7  N staging for all head and neck sites except the 
nasopharynx and thyroid

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1* Metastasis in a single ipsilateral lymph node, 3 cm or less 

in greatest dimension
N2* Metastasis in a single ipsilateral lymph node, more than 

3 cm but not more than 6 cm in greatest dimension; or 
in multiple ipsilateral lymph nodes, none more than 
6 cm in greatest dimension; or in bilateral or 
contralateral lymph nodes, none more than 6 cm in 
greatest dimension

N2a Metastasis in a single ipsilateral lymph node more than 
3 cm but not more than 6 cm in greatest dimension

N2b* Metastasis in multiple ipsilateral lymph nodes, none more 
than 6 cm in greatest dimension

N2c Metastasis in bilateral or contralateral lymph nodes, none 
more than 6 cm in greatest dimension

N3* Metastasis in a lymph more than 6 cm in greatest 
dimension

Source: Used with permission of the American Joint Committee on 
Cancer (AJCC®), Chicago, Illinois. The original source for this material 
is the AJCC Cancer Staging Handbook, Seventh Edition (2009), page 
45, published by Springer Science and Business Media, LLC, www.
springerlink.com
* Note: A designation of “U” or “L” may be used for any N stage to 
indicate metastasis above the lower border of the cricoid (U) or below 
the lower border of the cricoid (L). Similarly, clinical/radiological ECS 
should be recorded as E− or E+, and histopathologic ECS should be 
designated En, Em, or Eg

Table 45.8  N staging for tumors of the nasopharynx

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Unilateral metastasis in lymph node(s), 6 cm or less in 

greatest dimension, above the supraclavicular fossa, 
and/or unilateral or bilateral, retropharyngeal lymph 
nodes, 6 cm or less, in greatest dimensiona

N2 Bilateral metastasis in lymph node(s), 6 cm or less in 
greatest dimension, above the supraclavicular fossaa

N3 Metastasis in a lymph node(s) >6 cm and/or to supra-
clavicular fossa

  N3a Greater than 6 cm in dimension
  N3b Extension to the supraclavicular fossab

Source: Used with permission of the American Joint Committee on 
Cancer (AJCC®), Chicago, Illinois. The original source for this material 
is the AJCC Cancer Staging Handbook, Seventh Edition (2009), page 
70, published by Springer Science and Business Media, LLC, www.
springerlink.com
a Note: Midline nodes are considered ipsilateral nodes
b Note: Supraclavicular zone or fossa is relevant to the staging of 
nasopharyngeal carcinoma and is the triangular region originally 
described by Ho. It is defined by three points: (1) the superior margin of 
the sternal end of the clavicle, (2) the superior margin of the lateral end 
of the clavicle, (3) the point where the neck meets the shoulder. Note 
that this would include caudal portions of levels IV and VB. All cases 
with lymph nodes (whole or part) in the fossa are considered N3b

Table 45.9  M staging for head and neck tumors

M0 No distant metastasis
M1 Distant metastasis
Source: Used with permission of the American Joint Committee on 
Cancer (AJCC®), Chicago, Illinois. The original source for this material 
is the AJCC Cancer Staging Handbook, Seventh Edition (2009), page 
45, published by Springer Science and Business Media, LLC, www.
springerlink.com

Table  45.10  Stage grouping for all head and neck sites except the 
nasopharynx and thyroid

Stage group T stage N stage M stage

0 Tis N0 M0
I T1 N0 M0
II T2 N0 M0
III T3 N0 M0

T1 N1 M0
T2 N1 M0
T3 N1 M0

IVA T4a N0 M0
T4a N1 M0
T1 N2 M0
T2 N2 M0
T3 N2 M0
T4a N2 M0

IVB Any T N3 M0
T4b Any N M0

IVC Any T Any N M1
Source: Used with permission of the American Joint Committee on 
Cancer (AJCC®), Chicago, Illinois. The original source for this material 
is the AJCC Cancer Staging Handbook, Seventh Edition (2009), page 
49, published by Springer Science and Business Media, LLC, www.
springerlink.com
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surgeons. Many patients have other comorbidities that can 
affect the outcome of surgery negatively. Age, per se, is not a 
contraindication to surgical therapy as shown in multiple 
studies [88–91]. Comorbidities, on the other hand, consis-
tently have been cited as an independent negative prognostic 
factor [88, 92]. The outcome of surgery is similar to younger 
patient groups. Furthermore, perioperative complication rate 
and quality of life after surgery is quite comparable with 
younger patients [93, 94]. A few specific areas deserve 
special attention. Microvascular free tissue transfer while 
possible and successful in elderly, requires careful assess-
ment and selection of suitable patients. This technique can 
be utilized safely; however, there may be a higher complica-
tion rate and that is, again, related to accompanying comor-
bidities [95–97]. Time under anesthesia is another significant 
predictor of morbidity [88]. This factor has to be considered 
when recommending procedures that involve free tissue 
transfer, since this technique adds a significant time to the 
duration of operation. A number of procedures, such as 
supraglottic laryngectomy are generally tolerated worse in 
elderly due to increased risk of aspiration. It’s advisable to 
avoid such procedures or carefully assess the candidate’s 
biologic age and status to assure desirable outcome [98].

Radiotherapy is used as the primary treatment for tumors 
of nasopharynx, early stage glottic larynx, tonsil, and base of 
tongue, as well as adjuvant therapy for most other head and 
neck cancers in advanced stages. Postoperative radiation has 
been shown to improve local control and survival better than 
surgery alone [99]. New techniques and concepts such as 
“Intensity Modulated Radiation Therapy” (IMRT), hyper-
fractionation, and accelerated fractionation have brought 
better efficacy and less toxicity.

Advanced tumors are commonly treated with multimodal-
ity therapy consisting of surgery and adjuvant radiotherapy. 
The advantages of radiotherapy in a postoperative setting are 
reduced wound complications, reduction in target tumor vol-
ume, and clear definition of the extent of tumor. Adjuvant 
radiotherapy should be considered in all locally advanced can-
cers and also in patients with early cancers with sinister patho-
logic features. These features are listed in Table 45.12 [100].

There are multiple methods and techniques to deliver 
ionizing energy to the tissues. In general, the methods are 
divided into teletherapy (external beam radiation) and 
brachytherapy. In teletherapy, the source of ionizing beam is 
away from the patient. The energy can be in the form of ion-
izing rays such as photons, X-rays, or gamma rays; or in the 
form of high energy particles such as electrons, neutrons, or 
proton beams. In brachytherapy the source of radiation is 
implanted in the patient. Each technique has its own advan-
tages and applications. Electron beams are superficially pen-
etrating and are used as a boost to superficial areas (e.g., 
posterior neck nodes). On the other hand, photon beam radi-
ation spares the skin relatively and affects the deeper tissues 

more specifically. For lesions of nasopharynx, oral cavity, 
and oropharynx, brachytherapy in form of radioisotope 
implants (Iodine, Iridium, Radium, or Gold) can be quite 
useful. The methods of delivery have undergone significant 
improvement in the past few decades. For IMRT, a computer-
controlled machine is used to produce a three-dimensional 
model in which many radiation beams are used to optimize 
the dose in the target area, while sparing normal tissues. 
More recently tomotherapy, which integrates CT or PET-CT 
technology into a linear accelerator, has been introduced and 
is being used more frequently. Cyberknife or stereotactic 
radiosurgery is another new development that is currently 
being explored for head and neck cancers. These methods, 
although quite exciting, have not been validated in prospec-
tive controlled trials yet [101, 102].

The typical radiotherapy regimen for head and neck can-
cers consists of daily fractions of 1.8  c–2.0  cGy, 5 days a 
week to a maximum dose of 70 Gy over 7 weeks. For most 
adjuvant treatments a total dose of 60–66 Gy is administered. 
When extracapsular extension is present, increasing the dose 
to 63 Gy improves locoregional control [103]. The toxicity 
of radiation escalates exponentially and becomes quite sig-
nificant, especially in doses above 70 Gy.

In general, it is preferable to start postoperative radiother-
apy within 6 weeks after surgery. Long term delays or inter-
ruptions in treatment are not desirable, theoretically due to 
repopulation of cancer cells. Cancer cells in general cannot 
repair the radiation damage as fast as normal tissue. In order 
to take advantage of this phenomenon, two techniques have 
been introduced: hyperfractionation and accelerated frac-
tionation. In hyperfractionation, two to three reduced dose 
fractions are delivered every day (1.1–1.25  Gy/fraction). 
This method achieves a higher total dose without increasing 
the chronic toxic effects of a standard dose. Accelerated frac-
tionation uses fractions of 1.6–1.8 Gy more than once a day 
and the goal is to achieve 10 Gy per week in a reduced time 

Table 45.12  Indications for postoperative radiotherapy

Primary tumor features
Advanced T stage (bulky tumor; involvement of bone, nerves, skin)
High histologic grade
Positive surgical margins
Lymphovascular invasion
Perineural spread

Lymphatic spread features

Involvement of more than two nodes
Involvement of more than one level of the neck
Lymph node >3 cm (N2, N3 disease)
Extracapsular spread
Microscopic or gross residual disease in the neck
Involvement of critical level of neck nodes (Levels IV and V)
Source: Reprinted with permission from Shaha AR et al (2001) Head 
and neck cancer. In: Osteen RT, Gansler TS, Lenhard RE (eds) Clinical 
oncology. American Cancer Society, Atlanta, GA, pp 297–329
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compared to standard fractionation. So far most studies have 
shown modest improvement in locoregional control and mar-
ginal improvement in survival [104, 105]. The combination 
of altered fractionation and chemotherapy has been more 
promising [106–108].

Radiotherapy has been used extensively in treatment and 
palliation of elderly head and neck cancer patients. Strong 
evidence supports both safety and efficacy of this modality 
and clearly shows that age is not a limiting factor in utiliza-
tion of radiotherapy [109–111]. Radiotherapy in general has 
similar efficacy and side effect profile in elderly patients and 
general population [112, 113]. It has even been used success-
fully in patients older than 90 years old [114]. Although tra-
ditionally elderly patients have been treated with lower doses 
of radiation, there is no evidence that this is necessary. All 
studies have shown that elderly patients can tolerate and ben-
efit from the standard regimens of radiation without increased 
morbidity and mortality. Newer modalities of radiotherapy 
such as altered fractionation and IMRT has been used in 
elderly patients. Since these modalities have been introduced 
more recently specific data on elderly population is scant. 
There is suggestion of reduced benefit of hyperfractionation 
in elderly patients and those with poor performance status 
[115]. IMRT is also used widely in treatment of different head 
and neck cancers, but more evidence needs to be acquired to 
determine if there are differences in treatment and complica-
tion profiles of this technique in elderly patients. In general 
early and late toxicities of radiotherapy occur with similar 
frequency in elderly and general population. The manage-
ment of toxicities such as xerostomia and mucositis is the 
same as in younger patients. Elderly patients might need to be 
monitored more carefully during the treatment, since they are 
more susceptible to loss of fluids and electrolytes [116].

Chemotherapy has evolved quite significantly in recent 
history from a palliative option to a central component of 
treatment of locally advanced tumors. Cisplatin is consid-
ered a standard agent in combination with radiation and other 
agents. Carboplatin, the other platinum agent, is less toxic, 
but also less active against squamous cell cancers. They both 
are comparable radiosensitizing agents. Taxane-based agents 
are quite active and have been used in induction regimens for 
locally advanced tumors. One of the more significant 
advances is the use of EGFR inhibitors. Cetuximab is the 
first agent that has successfully been used in treating head 
and neck cancers [67, 117]. Other novel therapies that are 
being investigated include monoclonal antibodies or multi-
selective tyrosine kinase inhibitors against EGFR or other 
dysregulated pathways in head and neck cancer, and antian-
giogenesis agents. The combination of these novel therapies 
with chemotherapy and radiation is actively being pursued. 
At present time there is no specific data in use of cetuximab 
in elderly patients; however, ongoing studies at this time are 
recruiting elderly patients.

Only about one-third of patients with head and neck cancer 
will present in early stages (I and II). In early stage disease, 
the tendency is to use one modality that offers the best chance 
for cure and minimizes morbidity. The preferred method of 
treatment in oral cavity cancers is surgery for the primary 
tumor with elective neck dissection based on the probability 
of lymph node metastases [118]. This method offers the best 
functional outcome and most accurate staging. It also avoids 
the late toxic effects of radiotherapy. In addition, in case of 
recurrence, radiotherapy can be used as a salvage option. For 
early stage laryngeal tumors, either organ preserving surgery 
or radiotherapy are acceptable and will produce comparable 
functional results and cure rates [119–121]. The choice 
depends on tumor location, local expertise, and patient’s 
preferences. For early laryngeal lesions, laser excision is the 
preferred modality. In early-stage tumors of the oropharynx 
and hypopharynx, radiotherapy is usually recommended as 
the first choice. It produces similar cure rates to surgery with 
less morbidity [122, 123].

Treatment of locally advanced disease uses a multimodal-
ity approach based on surgery, radiation and chemotherapy. 
One of the major advances of treating this category is the 
introduction of chemoradiotherapy, which concurrently uses 
chemotherapy and radiation. Many trials have shown the 
superiority of chemoradiotherapy in comparison to radio-
therapy alone with regard to locoregional control, disease 
free survival, and in some studies overall survival [124, 125]. 
In postoperative settings adding chemotherapy to radiation 
showed benefit, especially in the presence of extracapsular 
spread or positive margins [126]. In general, the same prin-
ciples are used for advanced disease with the addition of 
chemoradiation or radiation to surgery. In oral cavity can-
cers, advanced tumors are treated with surgery followed by 
radiation or chemoradiation. Advanced oropharyngeal 
tumors are treated with primary chemoradiation that offers 
good efficacy and functional results. In cases of advanced 
laryngeal cancer, many experts still advocate primary sur-
gery, since preserving an already dysfunctional organ does 
not add much to the quality of life and the failure rate of 
chemoradiotherapy is high in these situations.

Management of the neck is an integral part of the treat-
ment of advanced head and neck cancers. Patients exhibiting 
positive margins, multiple positive nodes, or extranodal 
spread are generally considered candidates for postoperative 
chemoradiotherapy. However, use of this aggressive adjuvant 
therapy needs to be balanced against possible complications 
such as severe mucositis, neutropenia, and pharyngeal 
stricture.

The standard chemotherapy regimen is platinum based. 
Cetuximab plus radiation has been successfully used and 
should be strongly considered in patients who cannot toler-
ate standard chemotherapy. Induction chemotherapy has the 
potential to reduce the incidence of distant metastases. 
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Although platinum based regimens produce high response 
rates initially and result in good locoregional control, most of 
the trials have failed to show any survival benefit [127]. 
Introduction of taxane-based agents has improved survival or 
organ preservation [128–130]. Concurrent chemotherapy has 
been shown in a series of meta-analyses to be the most effec-
tive method and has the potential of becoming the standard 
of care. The most recent data indicates a 6.5% survival benefit 
at 5 years with this method [3].

Unlike radiation, which is fairly well tolerated and there 
is overwhelming evidence in its benefits in elderly popula-
tion, not enough data exists for chemotherapy regimens. In 
addition, quite a few studies have shown higher complication 
and toxicity rate in elderly populations [131]. The benefits of 
chemotherapy also seem to be more pronounced in younger 
patients. This preliminary evidence should not discourage 
practitioners in considering elderly patients for chemother-
apy. Certain elderly patients can benefit from these new regi-
mens by careful assessment and attention to overall status of 
the patient and the disease.

Unknown Primary Tumors

A solitary lateral neck mass in adults is always suspicious for 
malignancy. Primary malignancies of the neck are extremely 
rare and these masses are most commonly a metastatic lymph 
node. If the source of malignancy is not found after a thor-
ough history, physical exam, endoscopy and imaging, then it 
is classified as an “unknown primary tumor”. The most com-
mon sites for lymph node involvement are upper jugular 
lymph nodes (level II) (Fig. 45.6) followed by middle and 
lower jugular nodes (level III and IV). The location of lymph-
adenopathy usually correlates with the origin of the tumor. In 

general, two-thirds of all primaries arise from supraclavicular 
sources. These primaries are located in nasopharynx and 
oropharynx in one-third of cases; tonsil and base of tongue in 
another third, and the rest come from different locations. 
A few can arise in the hypopharynx. Most metastases from 
infraclavicular sources (two-thirds of cases) will involve 
supraclavicular lymph nodes (level IV). Generally, 50% of 
the primaries are found in the lungs. Breasts, stomach, 
pancreas, and ovaries contribute to the rest of cases.

The clinician who encounters a patient with an isolated 
neck mass should resist the temptation to perform an exci-
sional biopsy as a first step. Multiple studies have shown that 
such an intervention will increase the incidence of wound 
complications, local recurrences, and distant metastases 
[132–135]. The approach should be systematic and stepwise, 
preferably by a practitioner well versed in management of 
head and neck cancers and capable of performing different 
diagnostic and therapeutic procedures that might be required 
in the course of work-up and treatment. The first step is a 
thorough history and physical exam including nasopharyn-
goscopy and fiberoptic laryngoscopy. FNA of the suspicious 
lymph node should be the next step. If FNA results confirm 
malignancy or is suspicious then further work-up is neces-
sary. Even if the results are inconclusive or benign, in high 
risk patients it is advisable to proceed with a thorough work-
up. Imaging, preferably by CT and MRI, are necessary to 
find the possible primary and better delineate the extent of 
disease in the neck. T2 weighted MRI images are superior in 
characterizing submucosal lesions [136]. EBV antibody 
titers may be helpful in directing a diagnosis toward nasopha-
ryngeal primaries. Examination under anesthesia is the next 
step. A panendoscopy should be performed to inspect the 
nasopharynx, larynx, pharynx, esophagus, and lungs very 
carefully. While blind biopsies do not offer high yield, 
directed biopsies of suspicious areas in endoscopy can be 
quite helpful. Directed biopsies should be based on the find-
ings of the endoscopy, the patterns of lymphatic spread and 
the location of the metastatic lymph nodes. Some references 
have advocated ipsilateral tonsillectomy at the time of panen-
doscopy, especially if the involved lymph node is at level II 
(upper jugular) [137].

If after all these interventions a source is still not found or 
the FNA findings are highly suspicious for lymphoma, then 
performing an open biopsy is prudent. Before attempting the 
biopsy, the patient should be informed of the possible need 
for a formal neck dissection based on intraoperative findings. 
If the practitioner or the patient would rather wait for the 
permanent pathology specimen, it is extremely important to 
plan the incision in a way that can be excised if a definitive 
operation becomes necessary.

The standard treatment for metastatic squamous cell car-
cinoma of the neck with an unknown primary is neck dissec-
tion plus postoperative radiotherapy. Patients with N1 and 

Figure 45.6  Right neck mass. Metastatic cutaneous squamous cell car-
cinoma to level II (upper jugular) lymph nodes. Primary source was 
unknown at the time of presentation.
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extracapsular spread, or N2 and N3 disease will benefit the 
most from postoperative radiation to the neck. In cases of N1 
disease without extracapsular spread there are different opin-
ions. Some advocate surgery alone, some recommend exci-
sion of the node only with postoperative radiation and others 
press for neck dissection plus postoperative radiation. The 
practice and extent of prophylactic radiotherapy is a matter 
of controversy [138]. Irradiation of the involved side of the 
neck plus the contralateral side, nasopharynx, ipsilateral ton-
sil, and base of tongue has been advocated. The benefit of 
this approach been questioned and several adverse effects 
have been raised. Prophylactic radiation can induce later 
mucosal tumors. It causes significant morbidity in the form 
of xerostomia, dysphagia, and dental problems. Lastly, if the 
primary tumor is an excised skin cancer, or from an infra-
clavicular source, the patient will not benefit from radiation. 
In cases of positive EBV antibody it is recommended to 
include the nasopharynx in the radiation field. The rate of 
manifestation of primary tumors post radiation is 4–16%, 
which is the same as the rate of second primaries.

In general, patients with unknown primaries should be 
under close surveillance after treatment whether or not they 
receive postoperative radiation. Recurrence rates after treat-
ment range from 11 to 14% for mucosal malignancies. The 
prognosis of recurrence is dependent on pathologic features 
of the tumor such as grade and presence of extracapsular 
spread. Patients whose primary tumor was never found have 
the best prognosis.

In cases of adenocarcinoma metastatic to the cervical 
lymph nodes, the majority of patients have other areas of dis-
tal metastases and the overall outcome is not dependent on 
the treatment of the neck. The primary tumor is usually infra-
clavicular and occasionally can be found in salivary glands 
[139]. Metastatic adenocarcinoma in the upper part of the 
neck is generally from the major or minor salivary glands 
and is commonly considered a surgical problem, while meta-
static adenocarcinoma in the lower part of the neck is most 
likely from the lung or abdominal organs and considered to 
be a systemic disease and not a surgical problem.

Treatment of the Neck

Cervical lymph nodes are the most common site of metasta-
ses from head and neck cancers. Adequate and effective 
treatment of the neck is of utmost importance in manage-
ment of head and neck cancer patients. The principles of 
treatment have been established for more than 100 years now 
and continue to evolve. Cervical lymphadenectomy was 
introduced by Butlin and was expanded to radical neck dis-
section by Crile. This operation was subsequently popular-
ized by Hayes Martin. Radical neck dissection, although an 

effective cancer operation, carried a significant burden of 
morbidity. In this operation, all the lymphatic tissues of the 
neck from level I to level V are removed in addition to the 
sternocleidomastoid muscle, internal jugular vein, and spinal 
accessory nerve. A long list of morbidities accompanied this 
operation. The most significant is “shoulder syndrome” due 
to sacrifice of the spinal accessory nerve. A detailed list can 
be found in Table  45.13. Suarez from Argentina and later 
Bocca from Italy introduced the concept of functional neck 
dissection which was subsequently transformed to modified 
radical neck dissection. In this modification, the structures 
that were not directly involved with cancer were spared. 
Many studies have shown that the efficacy of RND and 
MRND are comparable and they both offer equivalent onco-
logic results. MRND, especially when all three structures are 
preserved, is a much less morbid operation than RND. Later, 
based on works by Lindberg and then Shah, the patterns of 

Table 45.13  Complications of radical neck dissection

Timing and nature of 
complication Sequelae

Intraoperative

Injury to nerves
Marginal mandibular nerve Deformity of angle of mouth
Hypoglossal nerve Difficulty in moving the tongue
Vagus nerve Hoarseness, aspiration
Sympathetic chain Horner’s syndrome
Phrenic nerve Paralyzed ipsilateral diaphragm
Brachial plexus Weakness or paralysis of limb 

muscles
Injury to thoracic or major 

lymphatic duct
Chyle leak

Injury to dome of pleura Pneumothorax (tension)
Injury to pharynx or 

esophagus
Salivary fistula

Other complications

Stimulation of carotid bulb Bradycardia
Injury to internal carotid 

artery
Stroke

Air embolism through major 
venous injury

Hypotension, death

Early and Intermediate postoperative

Reactionary or secondary 
hemorrhage

Hematoma

Carotid artery exposure  
and rupture

Stroke, Death

Physiologic consequences

Spinal accessory nerve Shoulder dysfunction
Other nerves Anesthesia of skin flaps, ear lobe, 

and cheek
Internal jugular vein ligation 

(bilateral)
Cerebral edema, airway obstruction, 

blindness, edema of face and neck
Source: Reprinted with permission from Shaha AR et al (2001) Head 
and neck cancer. In: Osteen RT, Gansler TS, Lenhard RE (eds) Clinical 
oncology. American Cancer Society, Atlanta, GA, pp 297–329
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lymphatic spread for different sites of head and neck cancers 
were defined. This knowledge led to the introduction of 
selective node dissection in which only the nodal groups at 
highest risk of metastases are removed, which spares the 
patient from the morbidity associated with comprehensive 
neck dissection. All of these modifications caused significant 
cluttering of the nomenclature. In an effort to standardize the 
vocabulary, the American Academy of Otolaryngology-Head 
and Neck Surgery convened a special task force in 1991. 
This task force published a report for standardizing different 
variations of neck dissection. The report was then updated in 
2002. Currently, most head and neck surgeons use this clas-
sification when addressing the different variations of neck 
dissection. The 1991 and 2001 classifications are compared 
in Table 45.14.

In general, cervical lymph nodes are addressed in three 
different settings. First is management of the neck in clini-
cally N0 disease, where there is no evidence of metastases in 
clinical examination and imaging. There is still controversy 
on the necessity and extent of dissection. A few guidelines 
are generally accepted. The need for elective neck dissection 
is justified if the probability of occult metastases is about 
15–20%. The neck can be addressed either by radiotherapy 
or by neck dissection, but the tendency is to perform selec-
tive neck dissection. This will minimize the morbidity and 
avoid long term consequences of radiation. When the risk of 
metastases is less than 15%, it is not justified to subject the 
other 85% without disease to treatment. An exception is 
when addressing the primary tumor will require access 
through the neck. In these cases, selective neck dissection 
can be added to the procedure without significantly increas-
ing the morbidity.

In terms of the extent of lymphadenectomy in elective 
neck dissection, there is now good evidence to guide clini-
cians. This evidence is mostly based on works of Shah et al., 
who established the patterns of lymphatic spread in head and 
neck cancers. Based on his work and other investigators such 

as Byers et al., selective node dissection is widely accepted 
as adequate treatment in elective neck dissection. In general, 
for tumors of the oral cavity, dissection of levels I–III is per-
formed. Levels II through IV are dissected in oropharyngeal 
tumors; however, quite often surgical access requires dissec-
tion of level I nodes and in this case levels I–IV are dissected. 
For hypopharynx and laryngeal tumors, levels II through IV 
are removed.

If there is evidence of disease in the neck, the traditional 
treatment was to perform radical neck dissection. 
Interestingly, even in presence of clinical evidence for lymph 
node metastases, disease will be found in approximately 
80–85% of specimens. Nowadays, based on many prior stud-
ies, the tendency is to preserve the organs that are not directly 
involved with the disease. There are studies that show pres-
ervation of the spinal accessory nerve or jugular vein will not 
jeopardize the efficacy of the operation. Based on this evi-
dence, it is generally accepted that modified radical neck dis-
section is equivalent to radical neck dissection as long as the 
preserved organs are not directly involved with the tumor. 
The next leap of faith was applying the principles of selective 
neck dissection to the node positive patient. There is quite a 
bit of controversy on this topic. An important principle is to 
treat the neck with radiation after neck dissection in all cases 
of node positive disease, except for a few special cases. 
Postoperative radiation improves local control from 30 to 
50% for surgery alone to 70% even in cases of N2 and N3 
disease. There are quite a few studies demonstrating that 
selective node dissection can be comparable to modified 
radical neck dissection as long as postoperative radiotherapy 
is used. While it can be said that the standard is still to per-
form modified radical neck dissection for node positive dis-
ease, there is an ever growing application of selective neck 
dissection in this group. The levels of dissection are as 
described for elective neck dissection. If there is evidence of 
disease in the specimen, the majority of practitioners will 
recommend postoperative adjuvant radiotherapy. In the N3 
neck and when the extent of disease is beyond the first and 
second echelon of nodal drainage, the tendency is to perform 
comprehensive neck dissection and adjuvant radiotherapy, 
instead of selective neck dissection.

The last application of neck dissection is planned neck dis-
section or in cases of recurrence after definitive chemoradia-
tion. Performing neck dissection is fraught with complications 
in this setting. There are not that many studies that provide 
evidence as to the effectiveness of the operation. In general, it 
is recommended to perform planned neck dissection in N2 
and N3 disease after chemoradiation regardless of evidence 
of residual disease. However this approach was recently mod-
ified with the routine use of PET scans in the follow-up of 
patients receiving chemoRT. Patients with PET negative 
results are generally observed. In cases of N1 disease where 
there is no evidence of disease, most will observe the patient. 

Table 45.14  Classification of neck dissection

1991 Classification 2002 Classification

Radical neck dissection Radical neck dissection
Modified radical neck dissection Modified radical neck dissection
Selective neck dissection Selective neck dissection

Supraomohyoid Each variation is depicted by 
“SND” and the use of 
parentheses to denote the 
levels or sublevels 
removed

Lateral
Posterolateral
Anterior

Extended neck dissection Extended neck dissection
Source: Robbins KT et al (2002) Neck dissection classification update: 
revisions proposed by the American Head and Neck Society and the 
American Academy of Otolaryngology-Head and Neck Surgery. Arch 
Otolaryngol Head Neck Surg 128(7): 751–758



57145  Head and Neck Cancer in the Elderly

As to the extent of operation, most agree on comprehensive 
neck dissection with preservation of the spinal accessory 
nerve if possible. With widespread use of PET scans and 
other biologic studies and markers, these recommendations 
will probably change and more tailored approaches based on 
the biology of the tumor will be adopted.

The use of radiotherapy to address disease in the neck is 
quite established now. Radiotherapy can be used alone in 
treating disease in the neck. A dose of 60  Gy results in 
sterilization of 90% of pathologically involved nodes that are 
less than 2 cm. As the disease bulk increases, it takes higher 
doses of radiation to control the disease and at the same time, 
the rate of control decreases. For nodes larger than 3  cm, 
doses of 70 Gy can achieve control in approximately 80% of 
cases. Except for nasopharyngeal and tonsillar cancers that 
are very radiosensitive, nodes significantly larger than 3 cm 
rarely disappear with radiation alone. Based on these facts, 
N2 and N3 disease are treated with a combination of surgery 
and radiation. In preoperative settings, doses of 50–60 Gy 
are administered to the involved node. In postoperative set-
tings, the dose is around 66 Gy. Another important factor is 
to avoid delay between therapies. On average, it is desirable 
to proceed with the next modality in 4–6  weeks. Further 
delays might cause repopulation of cancer cells and also 
increases morbidity.

Nasal Cavity and Paranasal Sinuses

Tumors arising from the paranasal sinuses are rare. They 
only comprise 3% of head and neck cancers. The most com-
mon malignant tumor is squamous cell carcinoma (80%) fol-
lowed by adenoid cystic carcinoma and adenocarcinoma 
(10%), and numerous other tumors such as neuroendocrine 
tumors, malignant melanoma, sarcomas, and hematopoietic 
and lymphatic tumors. The most common site for squamous 
cell carcinoma is the maxillary sinus followed by the eth-
moid sinus. Most symptoms are quite similar to benign pro-
cesses of the sinuses (nasal obstruction, rhinorrhea, and 
congestion) and therefore most are diagnosed later in their 
course. Advanced symptoms include facial pain, diplopia, 
proptosis, or symptoms of intracranial invasion like head-
ache, neuropathies, and frontal lobe syndrome. CT scanning 
and especially MRI are preferred imaging methods.

Since most tumors are found in advanced stages, treat-
ment usually includes surgery and radiation. Depending on 
the size and location of tumor, different surgical techniques 
are used. External ethmoidectomy is the most limited opera-
tion and is used for benign tumors of the ethmoid region or 
biopsy of sphenoethmoidal region tumors. For small tumors 
of the lateral nasal wall, medial maxillectomy through a lat-
eral rhinotomy approach is the procedure of choice. Partial 

maxillectomy can be used in treating infrastructure maxillary 
tumors. This operation is technically easier and cosmetic 
results are quite good. Local control with this approach is 
quite acceptable. Suprastructure lesions on the other hand 
are more challenging. They usually require total maxillec-
tomy with reconstruction of the orbital floor. Orbital exen-
teration might become necessary depending on the extent of 
orbital invasion by tumor. The most extensive surgeries 
require craniofacial resection with an intracranial approach 
by a neurosurgeon and facial approach by a head and neck 
surgeon for tumors that involve the base of the skull. 
Endoscopic approaches have become quite popular recently 
and a few select centers resect malignant tumors by this tech-
nique. This approach, however, is mainly used for benign 
and intermediate tumors [140]. More recently reports of 
using surgical robots in skull base tumors in preclinical 
stages have emerged [83]. Appropriate rehabilitation after 
surgery is very important in this group of patients. This goal 
is achieved by involvement of a prosthodontist for smaller 
defects and use of microvascular free tissue transfers for 
larger and more complex ones. Small defects usually can be 
covered with a split thickness skin graft and then a temporary 
prosthesis placed in the defect. After the defect has stabilized 
a final prosthesis is fashioned.

Most cases will require adjuvant radiotherapy. The deliv-
ery of radiation is more complicated because of the proxim-
ity of the brain, spinal cord, and orbit. The complication 
profile of radiotherapy has been reduced by the advent of 
IMRT techniques, which reduces the dose to sensitive and 
noninvolved organs [141]. The 5-year survival rate of maxil-
lary tumors treated with surgery and radiation is 46–67% 
[141–143]. Cervical lymph node metastasis occurs in approx-
imately 15–25% of cases and is usually a bad prognostic fea-
ture [144]. More recently, reports of chemoradiotherapy have 
shown more promise in controlling these tumors. A report 
from Japan has shown impressive results with use of radia-
tion and concurrent arterial infusion of 5-FU, tumor reduc-
tion surgery, and immunotherapy. They improved 5-year 
survival by more than 20% from 20 to 54% [145]. Other 
reports also have shown benefit by using concurrent cisplatin 
and split course radiotherapy in advanced cases [146].

Adenocarcinomas harbor equally poor outcome (5  year 
survival of only 20% in poorly differentiated tumors). They 
are more common in professions related to woodworking, fur-
niture making, and leather-work [147]. They are quite aggres-
sive locally and the best chance is en bloc resection if possible. 
Adenoid cystic carcinomas have a favorable 5-year survival of 
75% but the 15-year survival declines to 20% [148]. These 
tumors can spread along nerve sheath structures and have a 
tendency toward distant metastases rather than regional metas-
tases [148]. In spite of this fact, the most common cause of 
death is invasion of the skull base. Treatment is surgical with 
added adjuvant radiation if margins are suspicious.
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Nasopharynx

Nasopharyngeal carcinoma (NPC) is a relatively rare disease 
outside parts of southern China, Hong Kong, and Singapore. 
It is more common in the Chinese population of these areas 
and the risk of cancer goes down with emigration, but is still 
much higher than other ethnicities [149]. It is more common 
in men than women (2.5:1). A multifactorial pathogenesis 
has been proposed based on patterns of distribution. Genetic 
susceptibility, latent EBV infection, dietary habits, and 
smoking are all well known factors. EBV infection plays a 
crucial role in progression to severe dysplasia. Diets high in 
preserved food, salted fish and deficient in carotene, fresh 
fruit and fiber have also been implicated [150].

The World Health Organization (WHO) has divided NPC 
into three subtypes [151]. WHO type I is keratinizing 
squamous cell carcinoma. This subtype is relatively more 
common among cases in the US (20–30%), but is rare in 
Asia (1–3%). WHO type II is non-keratinizing carcinoma. 
WHO type III is undifferentiated carcinoma or lymphoepi-
thelioma. Types II and III are more radiosensitive and achieve 
better local control but have higher rates of distant metasta-
ses [152, 153].

NPC patients are relatively younger than the rest of head 
and neck cancer patients. Incidence starts to increase in sec-
ond decade of life and peaks in fourth and fifth decade. The 
most common presenting symptom is cervical lymphade-
nopathy. Lymphadenopathy starts at the jugulodigastric 
nodes (level II) and continues to progress downward to levels 
III and IV. Other symptoms include nasal obstruction, 
epistaxis, otitis media, and referred pain to the ears. Multiple 
cranial nerve palsy can be seen (cranial nerves VI, IV, and V, 
and in case of extension to jugular foramen cranial nerves 
IX, X, and XI). Five percent of patients will present with 
distant metastases, most commonly to bones followed by the 
lungs and liver [154].

Diagnostic work-up includes a detailed history and physi-
cal including nasopharyngoscopy. The most common sites of 
origin are the Rosenmuller fossa and nasopharyngeal roof. 
Biopsies should be taken for histologies. If biopsy of a cervi-
cal lymph node is required, FNA is the preferred method and 
open biopsies should be avoided. EBV DNA titers have 
prognostic value and should be checked. In case of suspi-
cious disease, high titers of EBV antibody are very sensitive 
and specific. Liver function tests may be helpful in ruling out 
liver metastases. The preferred imaging modality is MRI, 
which provides excellent soft tissue details. A chest X-ray 
should be obtained to rule out metastases. Staging is based 
on the sixth edition of AJCC-UICC TNM system and is 
detailed in Tables 45.3, 45.8 and 45.11.

The primary treatment for nasopharyngeal cancer is radio-
therapy. NPC is extremely radiosensitive and even bulky 
lymphadenopathy responds well to radiotherapy. In addition, 

these tumors are difficult to access surgically and the 
morbidity of surgery can be quite high. External beam radia-
tion is the most commonly used method, although there is a 
role for brachytherapy in selected cases when the disease 
volume is not very large. Fields of radiation include the pri-
mary tumor, retropharyngeal nodes, and bilateral neck and 
supraclavicular nodes. Doses of 70–76 Gy are administered 
to the diseased areas. Prophylactic doses of 50–60  Gy are 
administered to at risk areas in the neck. With the advent of 
new radiotherapy techniques such as three-dimensional con-
formal, IMRT, and altered fractionation, the morbidity of 
treatment is reduced, and the incidence of “geographic miss” 
is lower. Radiation boost in the form of brachytherapy can be 
used in T1 and T2 lesions to improve local control. Overall 
survival for use of radiation therapy alone is in the range of 
50–76%. Results are excellent in early stage disease. For 
locally advanced disease, addition of chemotherapy in the 
forms of induction, concurrent and adjuvant chemotherapy 
has added improved survival and local control rates. The two 
most commonly used drugs are cisplatin and 5-FU. The role 
of surgery is limited to treating residual or recurrent disease. 
Neck dissection after radiotherapy for residual disease can be 
performed. In cases of brachytherapy, the surgeon can play a 
role in inserting brachytherapy catheters.

Recurrent disease can be treated with radiotherapy or sur-
gical excision. If detected early, there is a potential for con-
trol and these patients need to be treated aggressively. 
Follow-up of the patients should include careful physical 
exam, radiologic imaging, and laboratory tests to monitor 
potential treatment-related side effects including pituitary 
dysfunction should be considered.

Oral Cavity

Oral cavity cancers have the chance of being detected rela-
tively earlier than other head and neck cancers. However, 
common manifestations with benign oral disease make 
delays in diagnosis quite possible as well. Oral cavity can-
cers, including lip cancers, account for about 13% of head 
and neck cancers [155]. It is slightly more common in men. 
A majority of cases are squamous cell carcinoma with 
adenocarcinoma, verrucous carcinoma, lymphoma, and 
Kaposi’s sarcoma constituting the rest.

The most common presenting symptom is a nonhealing 
ulcer (Fig. 45.7). The most common sites are the tongue and 
floor of the mouth. The most recent staging is described in 
Tables 45.2 and 45.10. The treatment plan is based on the 
location, stage, relation to the mandible, and incidence of 
occult or gross nodal metastases. Early stage lesions can be 
treated effectively with one modality (surgery or radiation). 
More advanced lesions usually require a combination of 
different modalities.
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Most lip lesions occur in the lower lip and men are 
afflicted more commonly than women. Most malignancies of 
the lower lip are squamous cell carcinomas, while the upper 
lip harbors more basal cell carcinomas. Risk factors include 
prolonged sun exposure, fair skin complexion, immunosup-
pression, and tobacco abuse.

Choice of treatment depends on the size and location of 
the tumor. For small lesions, V-shaped resection with pri-
mary closure or a local flap is quite adequate. Excision of 
lesions up to one-third of lip length by this method results in 
acceptable functional and cosmetic outcome. For lesions 
between one-third and two-thirds of lip length usually involve 
a lip switch flap (Abbe-Estlander). For larger lesions and 
those which involve the commissure, options are a Gilles fan 
flap, bilateral advancement flap, and Karapandzic flap or 
radial forearm free flap [156]. Surgical excision can cause 
microstomia and oral incompetence, which are more com-
mon after removal of large lesions. Cervical metastases are 
rare (10%) and prophylactic neck dissection is not recom-
mended. In cases of clinically positive lymph nodes, thera-
peutic neck dissection is indicated. Positive margins, 
perineural invasion, and positive cervical nodes, among oth-
ers, are indications for adjuvant radiotherapy. Five-year sur-
vival for T1 and T2 lesions is excellent (90%). For larger 
lesions (T3 and T4) survival is decreased to 75%. Presence 
of cervical metastases lowers survival to almost 50%.

Cancers of the oral tongue are more common on the 
posterolateral aspect (75%) than on the anterolateral and ven-
tral surfaces (20%). These tumors arise in the epithelium and 
invade deeper tissues. Patterns of invasion can be varied. The 
tumor can spread to the midline and contralateral side, poste-
riorly to base of the tongue or inferiorly to the floor of the 
mouth. In extreme cases they can involve the mandible. 
Perineural invasion can happen and will cause numbness, 
fasciculation, and atrophy of the tongue. Most lesions (75%) 
are diagnosed in an early stage (T1, T2). Partial glossectomy 
with negative margins provides good oncologic and functional 

results. Resection of one-fourth to one-third of the oral tongue 
can be tolerated quite well with minimal adverse functional 
effects. The defect can be left open to heal with secondary 
intention or covered with a split thickness skin graft. If exci-
sion of the tumor requires removal of half of the tongue, the 
best strategy is to repair the defect with a fasciocutaneous 
free flap (radial forearm or anterolateral thigh). If a signifi-
cant portion of the floor of the mouth are to be removed, 
again free flap reconstruction provides the best outcome. 
Tongue tumors are distinct in that depth of invasion is a better 
predictor of presence of cervical node metastases than T 
stage [78]. Based on a meta-analysis of multiple studies, for 
tumors with depth of invasion more than 4 mm, prophylactic 
neck dissection is recommended, since the probability of 
neck metastases is around 16%. Another phenomenon is the 
possibility of skip metastases. Tongue lesions can skip level I 
and II neck nodes and present in levels III and IV in almost 
16% of cases. Based on this observation, some authorities 
advocate removal of neck nodes from level I to IV instead of 
performing a supraomohyoid neck dissection (level I–III) 
[157]. Lesions close to the midline may require bilateral neck 
dissection. Advanced lesions (III or IV) and those with posi-
tive or close surgical margins, neck nodes metastases will 
require adjuvant radiation which will improve locoregional 
control. The 5-year survival for early stage tumors is 75% 
and for advanced cancers (III and IV) is almost 50%.

Floor of mouth lesions are more common in men and usu-
ally present in the sixth decade of life. For small lesions, 
transoral excision is adequate and provides excellent results. 
The defect can be left open to be closed by secondary inten-
tion or with a split thickness skin graft. For larger lesions, 
immediate reconstruction with a free flap or local flaps is 
usually necessary. If the lesion is close to submandibular 
salivary glands, excision of the gland becomes necessary in a 
majority of cases. More extensive lesions may require differ-
ent forms of mandibulectomy. Cervical metastases are com-
mon and can be found in up to 50% of cases. Lesions in the 

Figure 45.7  (a) Early tongue cancer (b) Advanced tongue cancer presenting as nonhealing ulcer. Note poor dental hygiene.
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anterior floor of the mouth can metastasize bilaterally. 
Submandibular lymph nodes are most commonly affected. 
Survival for floor of mouth cancers are 90% for stage I dis-
ease, 80% for stage II, 65% for stage III, and 30% for stage 
IV [158, 159].

Buccal lesions are most common in users of smokeless 
tobacco and are usually located in the region of the third 
mandibular molar. Surgery and radiation have equal success 
in treating these cancers. However, surgery is preferred for 
most lesions since the rate of complications is lower. Primary 
radiotherapy is considered for patients who are not appropri-
ate candidates for surgery and immediate reconstruction. 
Small lesions can be excised transorally. Larger lesions with 
involvement of the oral commissure, full thickness of cheek, 
skin or mandible will require composite resection and imme-
diate reconstruction with free flap tissue transfer. For 
advanced lesions adjuvant radiation therapy is indicated. The 
incidence of lymph node metastases is relatively low and 
neck dissection is reserved for advanced cases or clinically 
positive nodes. Five-year survival is around 75% for stage I, 
65% for stage II, 30–60% for stage III, and 20–50% for stage 
IV [160, 161].

Alveolar ridge tumors are relatively uncommon and 
account for approximately 10% of oral cavity cancers. 
Mandibular lesions are more common than maxillary gingi-
val tumors. Close proximity to bone makes osseous invasion 
more common in these tumors. Management of the mandible 
will be discussed in detail later. Overall incidence of lymph 
node metastases is quite high (25%). This fact makes pro-
phylactic and therapeutic neck dissection much more com-
mon in management of alveolar ridge tumors. Treatment is 
surgical excision and, in advanced tumors, adjuvant radio-
therapy. Primary radiotherapy is not recommended in tumors 
with bony invasion. For early stage disease the 5-year sur-
vival is as good as 85%. In patients with metastatic spread, 
survival ranges from 35 to 59% [162, 163].

Retromolar trigone tumors usually present in advanced 
stages. Mandible involvement is common and invasion of the 
tonsillar fossa, faucial arch, and base of tongue happen often. 
Surgical treatment followed by radiation is the preferred 
method of treatment. Because of proximity to bone, surgical 
excision usually involves marginal or segmental mandibulec-
tomy for more advanced tumors. Most of these tumors have 
metastasized to neck nodes at diagnosis and neck dissection 
is commonly performed at the time of surgical therapy. 
Survival ranges from 76% for T1 to 54% for T4 lesions at 
5 years. Patients without nodal involvement have an overall 
survival of 69%. This rate falls down to 56% for N1 and 26% 
for N2 disease. Patients who have undergone surgery and 
adjuvant radiotherapy have better survival than primary radi-
ation (44% vs. 23%) [164].

Hard palate tumors are mostly squamous cell carcinoma; 
however minor salivary gland tumors, mucosal melanoma 

and Kaposi’s sarcoma can occur in this location. Treatment is 
mainly surgical and depends on the stage and extent of tumor 
requiring different degrees of maxillectomy (infrastructure in 
earlier lesion and total maxillectomy for more advanced 
tumors). The rate of metastases is low and prophylactic neck 
dissection is not routinely performed. The 5-year survival is 
reported from 40 to 60% [165, 166].

Oropharynx

The most common sites are the tonsil and base of tongue for 
cancers of oropharynx. Cancers of the soft palate and pha-
ryngeal wall do occur, but are less common. Oropharyngeal 
cancers are on the rise especially in non-smokers and younger 
men. In general these tumors tend to be diagnosed late and 
there is a high incidence of lymphatic spread at the time of 
diagnosis. Radiation is used as primary treatment for oropha-
ryngeal cancers much more commonly than oral cavity 
tumors due to the high morbidity of surgical excision in this 
region. Similar to oral cavity, advanced tumors require a 
combination of surgical and radiation therapies.

Tonsils are the most common site and account for almost 
75% of oropharyngeal cancers. Most early cancers are 
asymptomatic. It is not uncommon to find cervical lymph-
adenopathy as the presenting symptom of tonsillar cancer 
(Fig. 45.8). The incidence of positive lymph nodes at presen-
tation is as high as 40–76% in different reports. The most 
common site of lymph node metastases is level II nodes; 
however, retropharyngeal and parapharyngeal nodes can also 

Figure 45.8  CT scan of neck. Metastatic tonsillar cancer to left level II 
lymph node. Note cystic appearance of lymph node. This is one of the 
characteristic features of tonsillar metastases and can be mistaken with 
bronchial cleft cyst.
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be afflicted. These tumors tend to invade the base of tongue 
in most advanced cases. For early tonsillar tumors, surgery 
and radiation yield equal results. Surgical treatment is com-
posed of radical tonsillectomy plus neck dissection. In current 
practice, majority of cases are treated with radiation primarily. 
Radiation fields include the primary site and ipsilateral neck, 
including retropharyngeal nodes. It is important to spare the 
contralateral parotid gland to reduce the complication of 
xerostomia. Radiation alone results in local control of 
70–90%. Salvage surgery is also successful in two-thirds of 
patients. This combination results in ultimate local control of 
90% in early stages. In advanced lesions (T3–T4), the com-
bination of surgery and radiotherapy is standard practice. 
Resection of large lesions through the mouth is difficult and 
many patients will require a lower lip splitting incision with 
mandibulotomy. More recently, interest in using a surgical 
robot to resect these tumors without mandibulotomy has 
arisen in multiple centers [167, 168]. Comprehensive neck 
dissection is an integral part of surgery. Adjuvant radiation 
improves local control quite significantly. Surgery plus adju-
vant radiation results in overall 5-year survival of 75% versus 
48% for surgery alone [169, 170]. T-stage specific survival of 
tonsillar cancer is 89%, 55%, 49%, and 30% for T1 through 
T4 lesions respectively.

Base of tongue tumors are usually quite a challenge for the 
head and neck cancer practitioner. These tumors remain 
asymptomatic for a long time, usually present in advanced 
stages, have regional lymph node involvement (>60%), and 
have a tendency to metastasize to both sides of the neck (20%) 
(Fig. 45.9). Most of these tumors require a multidisciplinary 
approach and treatment. In early tumors it might be possible 
to resect the tumor transorally combined with neck dissec-
tion. Nearly 50% of the tongue base can be removed with 
very good functional results. Resection can be done using 

surgical laser or a more conventional method. Very good 
survival (52% at 5  years) and excellent functional results 
(92% could tolerate a normal diet and 88% had understand-
able speech) can be expected using this method [171]. For 
larger tumors, resection often involves other approaches such 
as transhyoid, lateral pharyngotomy or mandibular swing. 
The need for postoperative radiation depends on characteris-
tics of the tumor, margins, and degree of involvement of 
lymph nodes. In general 5-year disease specific survival for 
tongue base tumors using surgery is reported as 65% [169]. 
This is quite comparable to primary radiotherapy [172].

Due to significant morbidity of surgery in most tumors, 
primary radiotherapy has become the method of choice in 
most cases. A combination of external beam radiation and 
brachytherapy has been an effective treatment both in main-
taining function and offering comparable survival to other 
methods [173]. In general, more advanced tumors are treated 
with radiation to primary sites, neck nodes including retro-
pharyngeal nodes, and in case of positive nodes, planned 
neck dissection after radiotherapy. Adding chemotherapy to 
radiation has shown an added benefit in local control and 
survival. The most effective method consists of concurrent 
chemotherapy and the most effective agents are platinum 
based chemotherapeutics [3, 174]. Primary surgical therapy 
is not used as often nowadays to treat advanced tumors. 
Treatment usually requires mandibulotomy to gain access 
and may involve total glossectomy, supraglottic, or even total 
laryngectomy and the need for free flap tissue transfer. Neck 
dissection is performed at the time of resection almost rou-
tinely. A significant number of patients will require adjuvant 
radiation to cervical lymph node beds. As it is apparent from 
the extent of surgery, functional consequences are quite dev-
astating and patients will have significant difficulty in speech 
and swallowing. It has to be noted also that primary radiation 
and chemotherapy is not without complication and a number 
of patients will be afflicted with xerostomia, loss of taste, 
temporary and permanent dysphagia, pharyngeal or esopha-
geal stenosis, osteoradionecrosis, and radiation induced 
malignancies. These issues show clearly the burden of this 
disease and its treatments on patients and the practitioners. 
The most recent data shows disease specific survival of 65%, 
54%, 44%, and 30% for stages I–IV respectively [175].

Management of Mandible

Management of the mandible is necessary in a few scenarios. 
The mandible can be directly involved with the tumor, or it 
may limit the access to the tumor. Because of these issues, a 
comprehensive and careful pretreatment evaluation of the 
mandible is necessary in all oral cavity and oropharynx 
tumors. Careful physical exam remains one of the best 

Figure 45.9  Right neck mass. Primary tumor was asymptomatic base 
of tongue cancer that was found during exam under anesthesia in an 
otherwise asymptomatic elderly woman.
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methods for assessment of mandibular involvement [176]. 
A Panorex view of the mandible, although not accurate in 
determining the extent of disease, is still helpful in delineat-
ing the extent of resection and surgical planning. In recent 
years tremendous improvements in CT and MRI imaging 
techniques have been made. There is still controversy as to 
which modality is the best. In general, CT is quite specific, 
but might miss subtle invasions (false negative). MRI on the 
other hand, is very sensitive, but will overstate mandibular 
invasion. One strategy is to obtain the MRI first and if there 
is no evidence of invasion, the practitioner can be reassured 
the possibility is quite low. If there is still doubt, it might be 
necessary to proceed with CT scanning. On the other hand, 
most surgeons will obtain the CT as first modality because of 
its easy interpretation, great bone details, and lower cost. 
This is an ongoing debate and cases should be decided on 
their own specific characteristics [177]. The CT interpreta-
tion for the mandible may be difficult due to artifacts from 
dental fillings. Dentascan is another great technique for man-
dible evaluation. PET/CT in recent years has been commonly 
utilized. Its role in finding mandibular invasion has not yet 
been well determined. SPECT imaging is used in some cen-
ters, mostly in Europe as an accurate modality to find man-
dibular invasion [178]. This modality is not being commonly 
used in the US.

The mode of tumor spread to the mandible has been studied 
extensively and our understanding of this process has evolved 
through the years. It was first believed that tumors spread to 
cervical lymph nodes through the lymphatic channels that per-
forate the periosteum and bony structure of mandible. 
Nowadays we know that tumors invade the mandible directly. 
There are two patterns, erosive and infiltrative. The infiltrative 
pattern happens in more advanced cases and has a much worse 
prognosis. Tumors travel in the mucosa and submucosa until 
they reach the periosteum. In dentate patients tumor cells 
migrate through dental sockets into the mandible. In edentu-
lous patients tumors enter the mandible by moving to the 
occlusal surface first and then through the dental pits [179].

There is always debate regarding the extent of mandi-
bulectomy. Traditionally, most bony invasions were treated 
by segmental mandibulectomy. Many studies have shown 
that as long as negative margins are acquired, marginal man-
dibulectomy is as effective as segmental mandibulectomy 
[179–182]. Marginal mandibulectomy can be achieved via a 
horizontal, vertical, or oblique cut (Fig. 45.10). The oblique 
cut has a few advantages. Retention of a strong mandible 
remnant and better tumor clearance are among those. The 
defect can usually be closed by advancement of adjacent 
mucosa or split thickness skin graft if necessary. Very small 
defects can be left open to heal by secondary intention or use 
of Alloderm and larger defects might need a free tissue trans-
fer flap for optimal functional results.

If obtaining negative margins necessitates segmental 
mandibulectomy, the defect is routinely filled with bone con-
taining a free tissue transfer. The most commonly used donor 
sites are the fibula, iliac crest, and scapula. These microvas-
cular flaps tolerate radiotherapy quite well and cosmetic and 
functional results are quite good [183]. There is also 
possibility of dental implants after completion of therapy. 
Fibula free flap is the most commonly used technique and 
osseointegration works very well with the fibula. Many stud-
ies have shown similar success rate for free tissue transfer in 
elderly population. Most important risk factors are medical 
comorbidities and ASA class of patient [184, 185].

When there is a need to perform mandibulotomy to gain 
access to tumors of the oral cavity or oropharynx, the pre-
ferred sites are midline or paramedian. Lateral mandibulo-
tomy is not recommended since it cuts the mandibular nerve 
and artery. A paramedian site is better than midline since the 
inferior alveolar nerve and artery can be preserved, genial 
muscles can be spared, the osteotomy site can be placed in 
the natural space between canine and incisor teeth and avoid 
dental extraction, the osteotomy site is outside the radiation 
field and finally the segments can be fixed adequately with 
plates or wires. After the osteotomy is done, a mandibular 
swing is performed and the mucosa of the floor of the mouth 

Figure 45.10  Various types of 
marginal mandibulectomies: 
vertical, horizontal, and oblique 
cuts (Reprinted with permission 
from Shaha AR (1992) Marginal 
mandibulectomy for carcinoma 
of the floor of the mouth. J Surg 
Oncol 49:116–119).
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is incised along the medial aspect of the mandible toward the 
tumor. This approach gives good exposure to parapharyngeal 
tumors including the deep lobe of the parotid. The cosmetic 
and functional results are quite good in experienced hands 
[186]. Segmental mandibulectomy is not recommended 
solely to gain access.

Osteoradionecrosis is one of the devastating complications 
of radiotherapy. Treatment is usually difficult, lengthy, and 
less than satisfactory. Prophylactic measures such as careful 
dental evaluation and extraction of unhealthy teeth before 
treatment, fluoride treatment, and regular follow-up during 
radiotherapy are quite important. Sometimes it is difficult to 
distinguish between recurrent tumor and osteoradionecrosis. 
More recently, PET scanning is used as a helpful modality to 
distinguish between these two [187]. Early limited osteoradi-
onecrosis may respond to debridement, long term antibiotics, 
extensive oral irrigation, and hyperbaric oxygen. For more 
extensive cases, surgical excision and immediate reconstruc-
tion with free tissue transfer might be the only option [188].

Hypopharynx

Tumors arising from the hypopharynx are rare. The most 
common subsite is the pyriform sinus followed by the poste-
rior pharyngeal wall and post-cricoid region. These tumors 
can remain asymptomatic for extended periods of time and 
the majority are diagnosed in advanced stages. Almost two-
thirds of patients already have cervical lymph node involve-
ment at diagnosis. It is also not uncommon for these tumors 
to metastasize bilaterally, since the hypopharynx has a rich 
lymphatic plexus. Because of these characteristics, most of 
these patients will require multimodality treatments. If sur-
gery is used as primary treatment, depending on the extent of 
disease, there are several options. For early stage, small 
tumors (T1 and T2), partial pharyngectomy with either pri-
mary closure or myocutaneous flap or free flap is possible. 
Based on size and location of the lesion it might become 
necessary to perform partial laryngopharyngectomy or 
supracricoid hemilaryngectomy. For larger lesions, total lar-
yngopharyngectomy is used. If the tumor has spread to the 
cervical esophagus, total laryngopharyngoesophagectomy is 
performed. Reconstruction of such defects is achieved by 
free jejunal flap in laryngopharyngectomy and gastric pull-
up and pharyngogastrostomy in laryngopharyngoesophagec-
tomy cases. In all surgical methods, neck dissection is 
performed from level II to IV. Many patients will still require 
adjuvant radiotherapy, which will improve locoregional con-
trol and survival. Because of obvious morbidity of surgical 
treatments, it is quite common to treat these tumors primarily 
by radiotherapy or chemoradiotherapy. The results of these 
approaches are not as good as radiotherapy for laryngeal can-
cers [189, 190]. Surgery with postoperative radiation offers 

similar locoregional control and survival rates to definitive 
chemoradiation; however, the rate of larynx preservation is 
higher in the chemoradiation group. Unfortunately the 
retained organ is not always functional and a significant 
number of patients will suffer from dysphagia and laryngeal 
dysfunction [190]. The overall prognosis for hypopharyngeal 
tumors is quite poor. The 5-year survival for N0–N1 disease 
is around 28–57% and for N2–N3 disease is 0–20%. These 
numbers are similar between different treatment modalities. 
Hypopharynx cancers remain a challenging topic for head 
and neck cancer practitioners and these patients should be 
considered for clinical trials of new modalities if possible.

Larynx

Laryngeal cancers are divided into three groups. Most com-
mon are glottic (51%), followed by supraglottic (32%), and 
subglottic (2%). The remainder of cases are either overlap-
ping the two regions of the larynx (4%), or arise from the 
epiglottis (1%), or laryngeal cartilage (1%) [191].

In recent years significant improvements and changes 
have occurred in the management of laryngeal cancers due to 
seminal studies and introduction of new surgical techniques. 
In general, laryngeal cancer is divided into early and advanced 
stage for management purposes. In early laryngeal cancer, 
the emphasis is on using one modality and preserving maxi-
mal function without jeopardizing the oncologic principles 
of treatment. In advanced cases, multimodality treatment is 
used and the patient is given the best chance of preserving 
function and long term survival by a combination of chemo-
therapy, radiation, and surgery.

Glottic cancer has the best chance of being detected early. 
Lesions in this region become symptomatic at an early stage 
(hoarseness). This feature, combined with the fact that vocal 
cords have sparse lymphatic plexus and lymph node spread 
is not common, gives this group the best prognosis. Surgery 
and radiation are equally effective in treating T1 and T2 glot-
tic tumors. Surgical treatments include endoscopic CO

2
 laser 

excision in small tumors, and partial laryngectomy or hemi-
laryngectomy in larger lesions. The voice quality and cure 
rates after these procedures are excellent. Using transoral 
excision the 5-year local control rate is in range of 83–93% 
for T1 lesions and 73–89% for T2 lesions. These favorable 
results translate into disease specific survival rates of 96–99% 
for T1 lesions and 83–97% for T2 lesions [192]. Voice qual-
ity is best with endoscopic laser excision. Definitive radio-
therapy is equally effective in treating early glottic cancer. 
There is no need to radiate the lymphatic basins of the neck 
since the incidence of lymph node metastases is extremely 
low. The voice quality is better than partial laryngectomy 
procedures. The results are extremely good. Five-year 
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regional control is 85–94% for T1 and 68–80% for T2 
lesions. Disease specific survival again is in the range of 
93–98% for T1 lesions and 70–88% for T2 lesions. In cases 
of radiation failure, salvage surgery with either partial or 
total laryngectomy is successful 60–97% of the time [193, 
194]. It is important to pay careful attention to anatomic 
details of the tumor before choosing one modality over 
another. The most suitable tumors are the ones in the middle 
third of the vocal cords. Hypomobility of cords, suspicion of 
deeper involvement, and involvement of the anterior com-
missure are considered adverse factors for primary radiation 
therapy. Some histologic types are also relatively resistant to 
radiation (verrucous, adenocarcinoma, and sarcoma) and 
therefore should be treated surgically.

Early supraglottic cancers on the other hand have an 
increased risk of lymphatic spread and cervical lymph nodes 
are routinely addressed at the time of treatment of the pri-
mary tumor. The tendency is to use one modality to treat 
both primary sites and lymphatic basins. Definitive radio-
therapy can be used to treat early supraglottic cancer. 
Different series have reported excellent success rates of 
80–100% in T1 lesions and 70–85% for T2 lesions [195, 
196]. The best results are achieved in small superficial 
tumors. Primary surgical treatment is also quite effective in 
treating early supraglottic cancer. Transoral laser excision is 
used with excellent results (90–95% for T1 and 70–80% for 
T2 lesions) [197, 198]. Elderly patients tolerate this proce-
dure quite well and the incidence of complications is not 
higher than general population [199]. This modality can be 
used in conjunction with neck dissection or postoperative 
adjuvant radiotherapy [200]. In one series, use of adjuvant 
radiotherapy in T2 lesions resulted in 97% control of the pri-
mary site [198]. Another mode of surgical treatment is open 
partial laryngectomy. This modality has been studied exten-
sively and the results are consistently good [195]. In this pro-
cedure the entire supraglottic unit including the epiglottis 
and the aryepiglottic folds down to the false vocal cords with 
the overlying thyroid cartilage and the intervening preepi-
glottic space are removed. Similar to transoral excision, it is 
important to address lymphatics by bilateral neck dissection 
from levels II to IV. The quality of voice is quite good. Not 
all patients are good candidates for this procedure though, 
since there is a risk of postoperative aspiration and swallow-
ing problems. Unfortunately incidence of aspiration is higher 
in older patients and this fact makes selection of suitable 
patients more complicated [201]. Early subglottic cancer is 
seen extremely rarely and there is not much evidence in out-
comes of treatment.

Advanced laryngeal cancer is one of the areas of head and 
neck cancer that has undergone revolutionary changes in 
management. Traditionally, advanced tumors (T3 and T4) 
were treated by total laryngectomy and adjuvant radiation. 

Tumors with evidence of cartilage involvement are not good 
candidates for definitive radiation therapy since the recur-
rence rate is quite high. In 1991, a study by the Department 
of Veterans Affairs compared induction chemotherapy with 
5-fluorouracil and cisplatinum, and radiation to surgery and 
adjuvant radiation in previously untreated stage III and IV 
laryngeal cancer [202]. In this study two-thirds of patients 
responded well to chemotherapy and larynges were pre-
served. Survival was similar to the laryngectomy and radia-
tion group. Later on, another study showed that concurrent 
chemotherapy is better than induction chemotherapy in lar-
ynx preservation (88% vs. 75%) and locoregional control 
(78% vs. 61%); however, there was no difference in survival 
and concurrent chemotherapy had more toxicity [203]. On 
the basis of these studies, it is a common practice now to 
treat advanced laryngeal cancer with concurrent chemoradia-
tion. A few notes of caution should be considered before 
adopting organ preservation protocols. These protocols are 
not as effective in treating T4 tumors. Toxicity is quite high 
and in most cases they offer only modest survival advantage 
(4–6% only in concurrent protocols) [3]. Concurrent chemo-
therapy is also not as effective in older patients [3]. Detecting 
recurrent tumors in cases of chemoradiotherapy can be dif-
ficult since there are radiation changes that can mimic recur-
rence. The most commonly used modality is PET scanning 
and the results are encouraging. The sensitivity of FDG-PET 
is 84–100% and specificity is 61–93% for detecting recur-
rent cancer [204]. Salvage total laryngectomy and adjuvant 
radiation is used to treat organ preservation failures. In gen-
eral up to 40% of patients in organ preservation protocols 
eventually require salvage surgery. Surgery is technically 
more difficult and the rate of complications in this setting is 
quite high (30–60% for wound problems and pharyngocuta-
neous fistulas). The 5-year survival is usually around 35% 
after salvage surgery [205–208]. A pectoralis muscle flap 
may be used to buttress the suture line.

Recurrent and Metastatic Cancer

A significant number of patients with locally advanced head 
and neck cancer will develop locoregional or distant relapses 
(Fig. 45.11). This usually occurs in first 2 years after treat-
ment. Salvage surgery is an option for those who have resect-
able locoregional disease [208]. Resection of a recurrent 
tumor should encompass the entire initial extent of the pri-
mary tumor rather than the localized recurrent nidus. 
Recurrent tumors in the skull base or the ones invading pre-
vertebral fascia or adhere to vertebral bodies are usually con-
sidered non-resectable. Re-irradiation with or without 
chemotherapy has also been investigated [209] and has shown 



57945  Head and Neck Cancer in the Elderly

better results than observation after salvage surgery. By far 
the most common method of treatment is chemotherapy, 
however. The goal is to extend survival and provide symptom 
palliation. Many agents such as methotrexate, bleomycin, 
carboplatin, and fluorouracil have been used as single agents 
in recurrent and metastatic disease [210]. Most trials are 
small and gains are modest. Two drug combinations improve 
response rates, but there is no gain in survival [210]. 
Fluorouracil plus cisplatin is the most commonly used com-
bination. Taxanes plus cisplatin also shows equal results in 
recurrent cases but not superior to fluorouracil plus cisplatin 
[211]. Currently there is no standard second-line regimen for 
recurrent head and neck cancer. Addition of cetuximab to cis-
platin and fluorouracil has shown promise [212]. Cetuximab 
has been also effective in platinum resistant tumors [213]. 
Gefitinib (EGFR-tyrosin kinase inhibitor) has also been used 
in clinical trials, but did not show any survival benefit over 
intravenous methotrexate [214].

Salivary Gland Tumors

The salivary glands are divided into major and minor. Major 
glands are the parotid, submandibular, and sublingual. Minor 
salivary glands are distributed throughout the mucosa of the 
upper aerodigestive tract. The highest concentration is in the 
hard and soft palate [215]. The majority of parotid tumors 
are benign (75%), while almost half of other submandibular 
salivary gland tumors are malignant. In contrast, a majority 
of minor salivary gland tumors are malignant (80%) [215]. 
Salivary gland tumors are relatively rare and there is no specific 
consideration in management of elderly patients. The gen-
eral principles of treatments are the same in this population. 

Patients with malignant tumors or tumors of minor salivary 
gland tend to be slightly older than patients with benign 
tumors or those of parotid gland [216].

The parotid gland is the largest major salivary gland. It is 
also the most common site of salivary gland tumors (65% of 
all salivary gland tumors). The gland is between the dermis 
laterally and the masseter muscle and sternocleidomastoid 
muscle medially. The lateral parapharyngeal space is medial 
to the parotid gland. The facial nerve divides the gland into 
two artificial lobes. The bulk of the gland is superficial to the 
nerve and most tumors arise from this portion. Thorough 
knowledge of facial nerve anatomy and its course is crucial 
to successful parotid surgery. The facial nerve exits the skull 
through the stylomastoid foramen and passes lateral to the 
styloid process. The main trunk lies at the junction of three 
anatomic structures: the posterior belly of digastric muscle, 
the bony auditory canal, and the tip of mastoid process. The 
nerve then enters the parotid gland and divides into the upper 
zygomaticotemporal and lower cervicomandibular divisions. 
By the time the nerve exits the gland it has been divided into 
five branches: temporal, zygomaticoorbital, buccal, mandib-
ular, and cervical. Two branches are of critical functional 
importance – the orbital branch innervating the eyelid, and 
the mandibular branch innervating the lip. Injury to these 
two branches causes considerable cosmetic and functional 
disability. The parotid duct (Stensen) exits the gland anteri-
orly over the masseter muscle and then pierces the buccina-
tor muscle to enter the oral cavity opposite the second 
maxillary molar on the buccal mucosa.

The submandibular gland is the second largest major 
salivary gland. It lies in the submandibular triangle on the 
hyoglossus muscle. Each gland is divided into two lobes by 
the posterior edge of the mylohyoid muscle. Wharton’s duct 
runs from the deeper portion of the gland anteriorly under 
the mylohyoid muscle and drains into the floor of the mouth 
just lateral to the frenulum of the tongue. Three nerves are in 
proximity to the submandibular glands: lingual, hypoglossal, 
and ramus mandibularis. It is important to pay close attention 
to function of these nerves in the management of subman-
dibular tumors.

Sublingual glands are the smallest of the three. They are 
located under the mucosa of the floor of the mouth above the 
mylohyoid muscle. The borders are the mandible laterally, 
the genioglossus medially, and the submandibular gland 
posteriorly. There are many minor sublingual ducts that 
open into the oral cavity (ducts of Rivinus). Some of these 
ducts join each other to form the major ducts of Bartholin. 
The ducts of Bartholin join the submandibular duct. The lin-
gual nerve comes down laterally to the anterior end of the 
sublingual gland and runs along its inferior border. It then 
runs parallel to the submandibular duct until ascending into 
the tongue.

Figure 45.11  Advanced recurrent metastatic cancer in the neck after 
primary treatment. Note extensive involvement of skin.
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Diagnostic Work-up

A physical examination can give valuable information on 
most major salivary gland tumors, especially in the parotid. 
A hard fixed mass in the parotid gland is always suspicious 
for malignancy. Paresis or paralysis of the facial nerve is 
almost always an indicator of malignancy since benign pro-
cesses do not easily cause paralysis even when they become 
quite large.

The most commonly used imaging modalities are CT scan 
and MRI. CT scan is available and quicker to perform. It is 
better in delineating bone destruction and invasion. MRI in 
general is superior to CT. It provides better anatomical detail 
and superior soft tissue differentiation. MRI is particularly 
helpful in deep lobe parotid tumors, minor salivary gland 
tumors, and vascular and neurogenic tumors [217]. PET 
scanning is usually not used in initial evaluation of salivary 
gland tumors.

FNA of salivary gland tumors can be quite helpful. Overall 
sensitivity of FNA ranges from 85 to 99% and the overall 
specificity is from 96 to 100% [46, 218–220]. FNA is more 
accurate for benign lesions than malignant ones. It is also 
very good in distinguishing between salivary and non salivary 
processes (lymphoma). Occasionally, a benign lesion such as 
mixed tumor can be interpreted as adenoid cystic carcinoma. 
Usefulness of FNA is highly dependent on the experience of 
cytopathologist. In general, FNA is a simple, easy to perform 
technique that can provide valuable information to better 
manage the lesion. FNA results can change the management 
of major salivary gland tumors in almost 35% of cases [221].

Staging of major salivary gland tumors is described in 
Tables  45.6, 45.7, 45.9, and 45.10. Minor salivary gland 
tumors are staged similar to squamous cell carcinomas.

Benign Tumors

Most benign tumors occur in the parotid gland. The most 
common are mixed tumor followed by Whartin’s tumors. 
Oncocytoma, benign lymphoepithelial, and myoepithelial 
lesions are rarely seen. Almost 80% of parotid tumors are 
benign mixed tumors. These are called mixed since they show 
morphologic diversity with epithelial and connective tissue 
components such as myxoid, chondroid, and fibroid. They 
grow slowly in general, but occasionally rapid growth is 
observed in some patients with longstanding tumors. This 
might be due to development of carcinoma in a benign mixed 
tumor (carcinoma ex-pleomorphic adenoma). This situation 
can occur in 1–7% of cases [222]. The majority of these 
tumors are located in the superficial lobe of the parotid gland. 
They can also occur in minor salivary glands of the palate and 

upper lip. Many other sites have also been reported as origins 
of mixed tumors (buccal mucosa, base of tongue, parapharyn-
geal space, and nasal cavity). Pleomorphic adenoma is also 
the most common benign tumor of the lacrimal gland.

The most appropriate treatment is superficial parotidec-
tomy with preservation of the facial nerve. In cases of deep 
lobe tumors, facial nerve function can be preserved and sur-
gery usually involves enucleation of the tumor. On occasion, 
a very large deep lobe tumor might require a lower lip split 
incision and mandibulotomy for access. The principle is to 
remove the tumor with negative margins to avoid recurrence. 
Tumors that are enucleated or incompletely removed are at 
risk for recurrence. Any mass in the parotid area should be 
considered a parotid tumor and adequate treatment consist-
ing of superficial parotidectomy and facial nerve identifica-
tion and preservation should be performed.

Papillary cystadenoma lymphomatosum or Whartin’s 
tumor is the second most common benign salivary gland 
tumor and consists of 10–15% of parotid tumors. These 
tumors are found exclusively in the parotid gland and are 
believed to originate from periparotid or intra parotid lymph 
nodes. Whartin’s tumors are more common in men and are 
associated with cigarette smoking. Bilateral tumors can 
occur in 10% of cases. The risk of malignant transformation 
is extremely low. FNA is quite accurate in diagnosing 
Whartin’s tumors. Treatment is superficial parotidectomy 
with facial nerve preservation.

Oncocytomas are rare tumors of the parotid gland (1%). 
They are fleshy, slow growing tumors. In the parotid they are 
usually well circumscribed and encapsulated but not in minor 
salivary glands. These tumors can show high uptake of tech-
netium-99m and will be enhanced in radionuclide scans. 
Surgical excision with negative margins is the treatment of 
choice. Oncocytomas are resistant to radiation.

Myoepitheliomas are quite rare (less than 1%). They can 
occur in major and minor salivary glands. The tumor consists 
of myoepithelial cells exclusively. Sometimes it is difficult to 
distinguish myoepitheliomas from mixed tumors clinically 
since they present a slow growing painless mass. They should 
be differentiated from plasmacytomas and other tumors with 
spindle cells (neurilemoma, fibroma, meningioma, and 
leiomyoma). They usually occur in the third to sixth decade 
of life and there is no gender predilection. Treatment is surgi-
cal excision.

Malignant Salivary Tumors

Malignant salivary tumors are rare. They consist of 6% of 
head and neck cancers and 13% of salivary gland tumors. 
The most common type is mucoepidermoid carcinoma fol-
lowed by adenoid cystic carcinoma and adenocarcinoma.



58145  Head and Neck Cancer in the Elderly

Mucoepidermoid carcinomas originate in the salivary 
duct epithelium and comprise 44% of parotid malignancies. 
They are classified as low, intermediate, and high grade his-
tologically. Low grade tumors act more like benign mixed 
tumors with slow growth, low recurrence rates, and rare dis-
tant metastases. Superficial parotidectomy with preservation 
of the facial nerve is the adequate treatment and 5-year sur-
vival is as good as 95% [223]. High grade tumors on the 
other hand show local invasion, facial nerve involvement, 
and lymph node metastases as high as 50% at presentation. 
The prognosis for this group is dismal [223].

Adenoid cystic carcinoma constitutes the most common 
malignancy of the minor salivary gland and submandibular 
gland and 10–15% of malignant parotid tumors. They show 
three distinct histologic patterns: cribriform, tubular, and solid. 
Cribriform pattern has the best prognosis and solid, the worst 
(Fig. 45.12). Adenoid cystic carcinoma can show unpredictable 
behavior. It is usually characterized by slow growth, neurotro-
pism, local recurrence, and distant metastases. Cervical metas-
tases are infrequent, but late distant metastases are common 
[216]. Treatment is surgical excision and postoperative radia-
tion. Cervical lymph node dissection is usually not performed.

The malignant mixed tumor is a category consisting of car-
cinoma ex-pleomorphic adenoma, carcinosarcoma, and metas-
tasizing mixed tumor. These are similar but distinct 
malignancies. The malignant mixed tumor category accounts 
for 5–12% of salivary gland malignancies. Carcinoma ex-
pleomorphic adenoma is a carcinoma arising from a longstand-
ing benign mixed tumor. True malignant mixed tumors show 
elements of carcinoma and sarcoma simultaneously. They are 
usually grouped with carcinoma ex-pleomorphic adenomas. 
Metastasizing mixed tumors are characterized by primary 
tumor and metastases that appear completely benign under the 
microscope. Cervical metastases are present in 15% of this cat-
egory at presentation. Treatment is surgical excision including 
cervical lymphadenectomy and postoperative radiation.

Treatment of Salivary Tumors

Surgery

Surgical excision is the mainstay of treatment for malignant 
and benign salivary tumors. The minimal operation for parotid 
lesions is superficial parotidectomy with identification and 
preservation of the facial nerve (Fig. 45.13). Enucleation is 
not recommended uniformly. Most tumors of the superficial 
parotid can be addressed with this modality. Deep lobe tumors 
are more challenging. Total parotidectomy might be neces-
sary to remove the tumor in its entirety. Every effort should 
be made to preserve a functioning facial nerve. Most of the 
time with careful dissection, a deep lobe parotid tumor can be 
removed without injury to the facial nerve branches. If the 
bulk of the tumor is in the parapharyngeal space and adjacent 
to the pharyngeal wall, a mandibulotomy approach might be 
a more suitable choice for exposure and excision of the mass. 
If the nerve is adherent to the tumor but functional, it can be 
peeled off carefully. In these cases, postoperative radiother-
apy is indicated. If the nerve has already been invaded or 
paralyzed, or in rare cases a functioning nerve has to be sac-
rificed, immediate nerve grafting using cable interposition 
grafts from the greater auricular nerve, or cervical plexus, or 
sural nerve should be attempted. In order to protect eye func-
tion and closure, a gold weight can be implanted in cases of 
nerve sacrifice or paralysis due to tumor invasion.
Excision of submandibular gland tumors requires removal of 
the entire contents of the submandibular triangle. This 
becomes complicated due to the presence of three important 
nerves in this area, the ramus mandibularis, hypoglossal, and 
lingual nerves. If the tumor is close or attached to mandible, 
removal of the periosteum or even a segment of mandible is 
necessary. As part of the procedure, supraomohyoid neck 
dissection might be performed.

Figure  45.12  Hematoxylin-Eosin staining of adenoid cystic carci-
noma. This slide shows cribriform pattern of tumor that is associated 
with lower grade and better prognosis.

Figure 45.13  Large left parotid tumor. The marking shows the incision 
for standard superficial parotidectomy (modified Blair’s incision).
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Minor salivary gland tumors are treated by wide local 
excision. This might require full thickness excision or 
infrastructure partial maxillectomy in hard palate tumors. 
The resultant defect should be covered with a dental 
obturator.

Palpable nodes at presentation should be addressed with 
modified or radical neck dissection. Elective neck dissection 
from level I to III is recommended for tumors >4 cm, high 
grade mucoepidermoid carcinoma, squamous cell carcinoma, 
adenocarcinoma, and undifferentiated carcinoma. For other 
patients if a transcervical approach is used, elective neck dis-
section should be included. If suspicious lymph nodes are 
encountered at the time of surgery, it is recommended that a 
comprehensive neck dissection be performed.

Radiation

Radiation is being used frequently nowadays in treatment 
of salivary gland tumors. It improves locoregional control 
and overall survival [224]. Indications for postoperative 
radiotherapy include advanced inoperable cancer, high-
grade, high-stage primary tumor, positive margins, deep 
lobe malignant tumors, lymph node metastases, and tumor 
spillage at the time of surgery. Also in high-stage adenoid 
cystic carcinomas, due to the high recurrence rate, postop-
erative radiotherapy is recommended. Neutron therapy 
has shown improved locoregional control in adenoid cys-
tic carcinoma in comparison to traditional photon irradia-
tion (56% vs. 17%). It also improved 5-year survival for 
patients with adenoid cystic carcinoma and acinic cell 
carcinoma. However, 5% of patients experienced severe 
toxicity [225]. Neutron therapy is available only in a few 
centers in the US and is generally used for inoperable sali-
vary tumors.

Chemotherapy

There is scant experience with chemotherapy in the treat-
ment of salivary gland tumors. Fluorouracil, cisplatin, doxo-
rubicin, and cyclophosphamide have been used in few 
patients [226]. The initial response is usually around 50%, 
but only lasts for 7–10 months [227]. In patients with com-
plete response, survival was >19 months [228]. Overall suc-
cess of chemotherapy has been disappointing. Concomitant 
use of radiation and chemotherapy might show some 
improvement in survival over radiation alone [229]. 
Immunotherapy with EGFR blockers might also become an 
option for treating salivary gland tumors [230].

Prognosis

Tumor stage is the most important prognostic factor [216, 
231]. The overall 10-year survival rates for stages I–III are 
approximately 90%, 65%, and 22%. Grade is also important. 
Low grade tumors have 10  year survival as high as 90%, 
while high grade tumors survival rates are only around 25%. 
Adenocarcinoma, malignant mixed tumor, adenoid cystic, 
and squamous cell carcinomas have worse prognosis than 
acinic or low grade mucoepidermoid tumors. Submandibular 
and minor salivary gland tumors are more aggressive than 
parotid tumors in general. Gross nerve involvement, and 
bone and skin invasion have also been implicated as adverse 
prognostic factors [231, 232].

Follow-up of Head and Neck  
Cancer Patients

Patients treated for head and neck cancer need close and 
regular follow-up. The standard regimen consists of visits 
every 6–8 weeks in the first year followed by 2–3 month vis-
its in the second year, 3–4 month visits in the third year, and 
biannual or annual visits thereafter for life. The extent of 
investigation in each visit is a matter of debate. Each patient 
should be evaluated individually with a program tailored to 
his or her particular needs. Some patients with deep tumors 
might require CT scanning while others will be adequately 
followed by physical exam. Chest radiographs are usually 
adequate to monitor for pulmonary metastases. The radio-
graphs should be interpreted carefully and compared to pre-
vious studies. Routine endoscopy of the aerodigestive tract is 
not of proven value and should be performed in select cases 
or when symptoms suggesting problems in the lungs or 
esophagus arise. Patients treated with an organ preservation 
approach by chemoradiotherapy are best followed with care-
ful physical examination along with PET scan. PET scan and 
specially PET CT is being used more often as a sensitive tool 
for follow up of patients [204]. Negative results are usually 
quite reassuring; however, positive changes have to be inter-
preted carefully to rule out other causes such as inflamma-
tion or infection.
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A life span of 90 years provides an opportunity to look at the 
past, to compare surgery of the chest today and what it was 
like 25 or more years ago. Such a review should tell us what 
we have learned and what we do need to learn yet.

Early History

Certain mileposts stand out. The principles of one-stage 
lobectomy with individual ligature technique were formu-
lated by Harold Brunn of San Francisco in 1929 [1]. Evarts 
Graham of St. Louis performed the first successful pneumo-
nectomy for bronchogenic carcinoma in 1933 [2]. Edward 
Churchill of Boston, in collaboration with his fellow Ronald 
Belsey, defined the technique of segmental lobectomy in 
1938 [3]. In the related field of esophageal surgery, William 
Adams and Dallas Phemister of Chicago had successfully 
carried out a resection of a carcinoma of the distal esophagus 
with intrathoracic esophagogastric anastomosis, also in 1938 
[4]. Further historical details in the evolving story of surgery 
of the respiratory tract are provided in “General Thoracic 
Surgery: History and Development,” Chap. 1 in Pearson’s 
Thoracic Surgery, 2nd ed. (2002).

The Past: 1944–1985

By the beginning of my days in surgery, pulmonary resection 
had become an established and safe technical procedure. These 
decades saw improvements in the fields of diagnosis, technical 
details of surgery including instrumentation, advances in anes-
thesiology, the introduction of antibiotics, and particularly in 
the postoperative care of the patient.

	1.	 Extent of surgical resection: Until 1950, Graham’s 
pneumonectomy was the standard operation for lung 
cancer. A somewhat revolutionary and initially disputed 
report from Churchill and Richard Sweet (1950) [5] 
demonstrated that lobectomy, when technically possible, 
was an adequate and potentially curative procedure. Both 
of these men, my mentors, were true pioneers in the field 
of thoracic surgery; both became president of the 
American Association for Thoracic Surgery. A later presi-
dent, Leo Eloesser, commented “the attempt to eradicate 
cancer by progressively increasing the anatomic limits of 
operation is not the right road to follow.” Thus, lobectomy 
became the operation of choice.

	2.	 Staging: As it became clear that invasion of lymphatics 
and lymph node metastases were determinants in the 
possibility of cure for bronchogenic carcinoma, the con-
cept of preoperative staging was developed. An early 
technique, popularized by Griffith Pearson of Toronto, 
was mediastinoscopy [6]. This permitted direct visualiza-
tion and biopsy of mediastinal and bronchial lymph nodes. 
Computed tomographic (CT) scanning provided a nonin-
vasive method of assessing the mediastinum for the pres-
ence of enlarged nodes, but without pathologic tissue 
diagnosis. A more recent scanning technique, positron 
emission tomography (PET) is particularly helpful in 
assessing mediastinal node involvement. Precise informa-
tion provided by these studies guided the decision of 
surgery vs. radiation or other nonoperative therapy.

	3.	 Postoperative care: The era saw an evolution of postop-
erative care from the early recovery room to the intensive 
care unit (ICU). The original ICU established in 1958 at 
the Massachusetts General Hospital was planned for the 
care of postthymectomy patients with myasthenia gravis. 
It proved invaluable in the care of patients with pulmo-
nary resections, especially those undergoing pneumonec-
tomy. Respiratory physical therapy for the pulmonary 
patient, both pre- and postoperatively, became an integral 
component of care. A whole spectrum of new antibiotics 
became available for prophylactic use.

	4.	 Anesthesia: Not to be forgotten in the progress of manag-
ing surgery for the respiratory patient was the role of the 
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anesthesiologist. Measurement of arterial blood gases 
became routine. The use of pulse oximetry and continu-
ous observation of arterial blood pressure and electrocar-
diographic tracing became regular monitoring techniques. 
The depth of necessary analgesia could be managed by a 
host of newer pharmacologic agents. The employment of 
the double-lumen endotracheal tube allowed the thoracic 
surgeon better technical access to mediastinal structures 
in his intraoperative dissections.

	5.	 The endotracheal tube underwent a major modification. 
An unfortunate increase in the incidence of postintuba-
tion tracheal strictures proved to be the result of pressure 
ischemia of the tracheal wall resulting from tubes with 
the noncompliant inflatable cuff. Grillo and Cooper 
developed the large volume, low-pressure cuff, the so-called 
“floppy” cuff, which not only avoided the early postintu-
bation stricture but also permitted longer term ventilatory 
mechanical assistance without serious damage to the 
trachea [7].

	6.	 The key for developments in this period is encompassed in 
the word Safety: a safe conduct of the operated patient via 
safer selection, safer extent of operation, safe anesthesia, 
and safe postoperative care.

The Present Day: 1986 Onward

This is a term used since my departure from the chest operat-
ing scene. Happily, surgical care of the respiratory patient 
marches steadily forward. This includes in particular the 
geriatric patient.

	1.	 Video-assisted thoracoscopic surgery (VATS). This tech-
nique is certainly the striking advance in the field of gen-
eral thoracic surgery in recent decades. It makes possible 
an entirely different access to surgery within the thoracic 
cavities, perhaps as big a change as in all the preceding half 
century. The utilization of multiple mini-incisions, remark-
able magnifying fiber-optic visualization, and an impres-
sive array of specially devised instrumentation make for a 
more comfortable postoperative patient and a shorter stay 
in the hospital. It is a strangely new technique for the older 
surgeon, requiring looking horizontally at a monitoring 
screen rather than downward at the patient’s chest.

			  In general, VATS resections may be preferred for 
lobectomies, segmental, and other nonanatomic excisions, 
and for an excellent approach to thymectomy for myas-
thenia and for most thymic tumors. It is not a technique 
for large pulmonary tumors, for sleeve or other extended 
resections, such as the approach and access to superior 
sulcus tumors. Many skilled VATS surgeons object to 
pneumonectomy through this approach. The surgeon must 

always be prepared to convert to open thoracotomy for 
cases with difficult anatomy, extent of tumor, or unex-
pected event such as major hemorrhage.

	2.	 Induction chemotherapy:  It has long been a policy to irra-
diate the mediastinum of patients in whom positive lymph 
nodes were found at time of resection (stage III). Although 
this adjuvant (postoperative) therapy has enhanced local 
control, it has not resulted in improved long-term survival. 
Similarly, adjuvant chemotherapy alone has not proved 
beneficial in stage III patients. The result has been a shift 
to the use of induction (preoperative) chemotherapy in an 
effort to improve length of survival. Chemotherapy, either 
adjuvant or induction, with or without irradiation, has not 
proved curative in the absence of resection.

			  An encouraging development has been the increasing 
role of the surgeon in the study and analysis of results in 
the use of induction chemotherapy. He has become his 
own oncologist. Numerous current randomized trials with 
varying drug combinations, with and without irradiation, 
remain in the evaluation phase of study. The General 
Thoracic Surgical Club has taken on such evaluating 
reviews at its annual meetings. It is difficult for this “non-
combatant” to comprehend clearly the results thus far. 
There is an apparent survival benefit in the use of adjuvant 
chemotherapy in resected patients with N1–N2 disease, 
and it is reasonably clear that patients resected for stage 
IIA disease derive survival benefit from induction chemo-
therapy or chemoradiation.

			  Again, thus far, it is difficult to anticipate cures. Its role 
in elderly patients is certainly far from clear. One must 
balance the often distressing side effects with survival 
time gained.

	3.	 Advances in surgical techniques:  By 1986, most surgical 
techniques dealing with lung cancer had become stan-
dard. Yet, there has been refinement in techniques in the 
recent era. The surgical management of superior sulcus 
tumors is one example. Operability, the likelihood of en 
bloc total removal of the tumor, improved with the use of 
induction chemoradiation and with the ease of resection 
facilitated by choosing the incisional approach. Depending 
upon the location of the primary tumor, the two com-
monly used approaches are the anterior cervicothoracic 
and the posterior.

			  Familiarity with the technique of sleeve bronchial 
resections has led to greater use of these parenchyma 
sparing procedures. They constitute another advance in 
the goal of avoiding pneumonectomy. This is especially 
desirable in the elderly patient avoiding higher rates of 
complications and limitations in life style. Bronchoplasty 
has become a standard procedure for the accomplished 
thoracic surgeon. The potential addition of carinal resec-
tion for so-called T4 tumors has been added to the sur-
geon’s skills. It usually is accomplished with a right 
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pneumonectomy and anastomosis of the distal trachea to 
the left main stem bronchus. It is a procedure used only 
when every other patient factor is favorable and only by 
the most skilled operator and anesthesiologist. It has lim-
ited use in the geriatric patient.The key summary for this 
era is a combination of improved patient comfort and 
ongoing efforts with combination therapies to increase 
lengths of survival. The question remains: what is the role 
for and the details of chemotherapy?

Personal Commentary

	1.	 The geriatric patient, already self-selected by virtue of 
mere survival, is a reasonable candidate for lobectomy for 
cancer of the lung. This is especially true with the VATS 
technique. Pneumonectomy should be undertaken with 
urgent caution. Left pneumonectomy is certainly better 
tolerated than the right.

	2.	 Preoperative staging, by scanning techniques and/or 
mediastinoscopy, is essential. The finding of N2 disease 
should raise an alert as to whether surgical resection is 
indicated in the elderly patient.

	3.	 Preservation of as much lung parenchyma as possible is 
the sine qua non in resections in the geriatric patient. 
Where possible, segmental resection or nonanatomic 
wedge resection is acceptable.

	4.	 The use of inductive or adjuvant therapy with resections 
of the lung is a debatable consideration in the elderly. It 
should be an individual, not a routine, decision based on 
physiologic and life-style considerations.

	5.	 Contraindications to pulmonary resections arise from 
physiologic, not chronologic, age. Particular attention in 
evaluation of candidacy for operation must be directed to 
cardiovascular status, pulmonary function, and the pres-
ence of metabolic or other malignant disease.

	6.	 Personal experience: In a review of 426 pulmonary resec-
tions (unpublished data), there were four hospital deaths in 
81 pneumonectomies (4.9%), while in lobectomies, the 
mortality was 1.6%. Once again, where technically possi-
ble, lobectomy is the preferred operation. Special attention 
must be paid to the right pneumonectomy patient, whether 

geriatric or younger. Two of the mentioned mortalities 
resulted from bronchial stump leakage. Closure had been 
accomplished by the interrupted suture technique in 
patients who had accompanying mediastinal node dissec-
tions. Interruption of the arterial blood supply to the stump, 
related to the thorough mediastinal lymph node dissection, 
may have been a contributing factor in nonhealing.

	7.	 Carcinoma of the lung remains the greatest cause of 
cancer deaths in patients of both genders. With maximal 
surgical therapy, no more than 20% of all such patients 
are being cured. The establishment of the optimum induc-
tive or adjuvant therapy, chemotherapy and/or radiation 
remains a difficult goal. Promising new approaches are on 
the horizon. At the Massachusetts General Hospital, biop-
sies of lung cancers are being scanned for genetic muta-
tions (tumor genotyping), information from which may 
guide the oncologist in selecting specific chemotherapeu-
tic drugs (targeted therapy) for specific tumors.

	8.	 The surgeon remains a key, perhaps the key figure in the 
curative management of lung cancer. He should not forget 
the words of Emily Dickinson:

Surgeons must be very careful
When they take the knife,
Underneath their fine incisions
Lies the culprit – Life!
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A substantial proportion of the excess operative risk among 
elderly patients is attributable to respiratory complications. 
The excess risk is explained in part by structural and func-
tional changes in the respiratory system associated with 
aging. These changes are progressive even in individuals 
who enjoy apparently good health and are most marked 
beyond 60 years of age.

In youth, healthy individuals have a physiologic reserve 
(a marked excess of functional capacity over the amount 
needed to meet metabolic needs at rest or with stress). The 
respiratory system draws on this reserve as its function 
declines with age. Aged individuals thus become vulnerable 
to the stress, disease, and injuries that are weathered much 
more easily by the young.

The routine activities of healthy elderly persons are not 
limited by this decreasing respiratory system function. Thus, 
the effects of age may not be apparent until they need to draw 
on their physiologic reserves during stress, such as postopera-
tive recovery or complications. An awareness of the inevitable, 

but possibly hidden, age-related changes in the respiratory 
system helps the surgeon anticipate and treat respiratory com-
plications in elderly patients.

The purely age-related changes in the respiratory system 
are complicated by other accompaniments of aging. The 
lungs are exposed to a lifetime of environmental stresses, 
including tobacco smoke, respiratory infections, air pollut-
ants, and occupational exposures to dusts and fumes. Elderly 
individuals also often have increasingly sedentary lifestyles 
and decreasing fitness.

As an introduction to the topics to be reviewed in this 
chapter, the various components of the respiratory system 
are shown in Table 47.1. Table 47.1 also contains introduc-
tory comments about structural and functional changes 
with age.

Airways and Lung Parenchyma Lung Shape

The lungs are closely applied to the chest wall, and their over-
all shape is determined by the chest wall shape. The increases 
in anteroposterior diameter of the lungs with age and the 
more rounded shape that results are presumably due to 
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Chapter 47
Physiologic Changes in Respiratory Function

Edward J. Campbell 

Physiologic changes with age: pulmonary

Parameter Change with age Functional impact of change

Chest shape ↑ AP diameter No significant impact
Mild-mod kyphosis

Conducting airways Calcification Insignificant ↑ deadspace
Mild ↑ size
Mucus gland hypertrophy Minimal significance

Lung parenchyma Enlarged alveolar ducts Similar to mild emphysema
V/Q mismatch Decreased reserve
↓ Elastic recoil

Bellows apparatus ↑ Chest wall rigidity Increased work of breathing
↓ Respiratory muscle strength Highly individual

Ventilatory control ↓↓ Response to hypercapnia and hypoxemia Impaired homeostasis under stress
Signs of distress subtle

Most important messages in bold
AP anteroposterior; V/Q: ventilation/perfusion
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changes in the shape of the surrounding thoracic cage. These 
changes are not thought to have functional consequences.

Conducting Airways

The conducting airways consist of the air passages from the 
mouth to the level of the respiratory bronchioles. The vol-
ume of the conducting airways determines the anatomic dead 
space. Their size, shape, and branching pattern are the major 
determinants of airway resistance. The large cartilaginous 
airways show a modest increase in size with age, resulting in 
slight but probably functionally insignificant increases in 
anatomic dead space [1]. Calcification of cartilage in the 
walls of the central airways and hypertrophy of bronchial 
mucous glands are seen during advanced age, but these and 
other changes in the extraparenchymal conducting airways 
appear to have little or no physiologic significance.

Lung Parenchyma

The respiratory bronchioles and alveolar ducts undergo 
progressive enlargement with age, beginning as early as age 
30 or 40 but observable most prominently after the age of 60 
(Fig. 47.1). The proportion of the lung made up of alveolar 
ducts increases, and alveolar septa become shortened, lead-
ing to a flattened appearance of the alveoli. The proportion of 
alveolar air decreases as the volume of air in alveolar ducts 
increases [2]. The distance between alveolar walls (the mean 
linear intercept, or MLI) increases, whereas the surface/
volume ratio of the lung decreases. As a result of these 
changes, the alveolar surface area decreases by approxi-
mately 15% by age 70.

Superficially, the morphologic changes in the lung with 
aging are similar to those observed with mild pulmonary 
emphysema. To be classified as emphysema, however, the 
anatomic changes must consist of airspace enlargement in 

the gas-exchanging zone of the lung (distal to the terminal 
bronchioles) and must show evidence that the airspace 
enlargement is due to alveolar wall destruction, with fusion 
of adjacent airspaces [3]. For a time, there was considerable 
debate as to the cause and classification of the airspace 
enlargement seen with advanced age. Debate centered on 
whether the airspace enlargement was a “senile” form of 
emphysema.

Pump [4] and several early authors thought they could 
identify “emphysematous” lesions in aged lungs. However, 
Pump studied only two lungs (from 78- to 80-year-old men), 
one of whom had been a heavy smoker. Ryan and colleagues 
resisted the term “emphysema” and called the age-related 
structural changes “ductectasia” because of the prominent 
finding of enlarged alveolar ducts [5]. Significant alveolar 
wall destruction as a cause of emphysema appears to be 
unlikely, as Thurlbeck and Angus have shown that the 
number of alveoli per unit area remains constant in mature 
lungs [2]. The latter authors considered the changes to be a 
“rearrangement of the geometry of the lung.” A National 
Heart, Lung, and Blood Institute Workshop on the definition 

Table 47.1  Respiratory system and changes with aging

Functional division Components Function Change(s) with aging

Conducting airways Airways not involved in gas exchange Transport gas to and from lung 
parenchyma

Calcification and other minor changes

Lung parenchyma Respiratory bronchioles through 
alveoli and supporting structures

Exchanges gas between alveoli 
and pulmonary capillaries

Enlarged alveolar ducts; ventilation– 
perfusion mismatching

Bellows apparatus Chest wall and respiratory muscles Provides support for lung structure 
and applies force to lung

Increased rigidity of chest wall, some 
decrease in respiratory muscle strength

Ventilatory control Respiratory control center; carotid and 
aortic bodies

Alters ventilation to match 
metabolic needs

Markedly decreased responses to hypox-
emia and hypercapnia

Figure 47.1  Histologic changes in the aging lung. Normal lung of a 
36-year-old woman (left). Lung of a 93-year-old woman (right). 
Alveolar ducts are dilated, and shortening of interalveolar septa is 
observed (photomicrographs courtesy of Charles Kuhn III, MD, with 
permission of the Mayo Foundation).
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of emphysema weighed the available evidence and decided 
not to include age-related changes in the lung parenchyma 
under the definition of emphysema [3]. To avoid confusion 
and to simplify the nomenclature, they recommended use of 
the term “aging lung” to apply to the uniform airspace 
enlargement that develops with increasing age.

Mechanical Properties of the Lungs

The lungs exert an inward force in the intact thoracic cage. 
The retractile force of the lungs, or “elastic recoil,” can be 
measured during life by estimating the pleural pressure with 
an esophageal balloon. Measurements are taken at progres-
sively decreasing lung volumes from total lung capacity 
(TLC) to functional residual capacity (FRC), when the air-
ways are open and there is no airflow. The negative pleural 
pressure is generated by the lungs’ elastic recoil forces.

Figure  47.2 compares the elastic recoil pressures of a 
young man, a normal elderly adult, and a patient with emphy-
sema. The normal elderly individual and the patient with 

emphysema have a greater decrease in elastic recoil pressure 
than does a young person. This is reflected in the leftward 
shift of their pressure–volume curves [7, 8]. Emphysema 
produces a much greater loss of elastic recoil than is caused 
by aging alone.

There has been some disagreement as to whether aging 
changes lung compliance (the slope of the curve in Fig. 47.2) or, 
alternatively, is accompanied by a parallel leftward shift of the 
pressure–volume curve with aging (no change in compliance). 
There is general agreement if small changes in lung compliance 
do occur, they are not physiologically significant.

Changes in Lung Recoil Due to Surface Forces

The loss of surface area with age reduces the area of 
gas–liquid interface, resulting in a decrease in the surface 
tension forces. This ultimately causes a decrease in the lung 
elastic recoil. This change has important effects on lung 
function (especially on the function of small airways and 
expiratory flow).

Changes in Structural Macromolecules

Elastic fibers consist in large part of an extremely hydropho-
bic, highly cross-linked, and highly elastic macromolecule 
(elastin). They form a continuous skeleton that follows the 
airways and pulmonary vessels and extends to a fine mesh-
work in the alveolar septa [9]. These fibers are thought to 
contribute substantially to lung elasticity. The amount of 
elastin in the lungs has been studied in an attempt to deter-
mine the cause of decreasing lung elastic recoil with age. 
Analysis of whole lungs has revealed that the elastin content 
actually increases (rather than decreases) with age [10]. 
More recent evidence indicates that the increase in lung elas-
tin with age is accounted for by an increase in pleural elastin; 
parenchymal elastin does not change [9].

Careful studies of the elastic fibers in the lung paren-
chyma by two independent methods have shown that they 
are remarkably stable following postnatal lung growth. 
Modeling of radiocarbon data [11] indicates that the “mean 
carbon residence time” in elastin is 74 years (Fig. 47.3). It is 
correct to consider that lung parenchymal elastin is stable 
over the human life span. These elastic fibers probably pro-
vide a metabolically inert scaffold for the structure of the 
lung. Thus, there are no age-related changes in lung elastin 
that provide an explanation for the decrease in elastic recoil 
forces observed in the elderly.

Although human studies have not been done, studies in 
rodents and birds suggest that lung collagen fibers, like elastic 

Figure  47.2  Static pressure–volume curves of the lungs illustrating 
elastic recoil forces and compliance. To generate these data, transpul-
monary pressure (which reflects lung elastic recoil) is measured at vari-
ous lung volumes with an esophageal balloon. At any lung volume, the 
recoil pressure is less in the aged than in the young individual. This 
results in a pressure–volume relation that is shifted upward and to the 
left. A curve for a patient with emphysema is shown for comparison. 
With emphysema, recoil pressures are much less than in normal elderly 
individuals, and lung compliance (the slope of the curve) is markedly 
abnormal (from Pride [6], with permission).
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fibers, are long-lived. Finally, although some qualitative 
changes in collagen during aging have been described (decreases 
in solubility and increases in intermolecular cross-links), they 
appear to have no relation to changes in lung elastic recoil.

Chest Wall

The chest wall becomes more rigid with advancing age 
[8,  12]. As can be seen in Fig.  47.4, the static pressure–
volume curve of the chest wall is shifted to the right and is 
less steep (indicating decreased compliance) with increasing 
age [13]. It is known that the articulations of the ribs with the 
sternum and the spinal column may become calcified, and 
the compliance of the rib articulations decreases with age. 
The changes in rib articulations may be compounded by the 
development of kyphosis due to osteoporosis. The decreas-
ing compliance of the chest wall demands more work from 
the respiratory muscles. For example, in a 70-year-old per-
son, approximately 70% of the total elastic work of breathing 
is expended on the chest wall, whereas this value is 40% in a 
20-year-old.

Muscles of Respiration

Age-related changes in nonrespiratory skeletal muscle 
include decreased work capacity owing to alterations in the 
efficiency of muscle energy metabolism, atrophy of motor 
units, and electromyographic abnormalities. Based on les-
sons learned with other skeletal muscles, it, at first, appeared 
likely that age-related abnormalities in respiratory muscles 
would also be found.

An early study by Black and Hyatt [14] appeared to con-
firm age-related decrements in respiratory muscle function 
by measuring maximal inspiratory pressure (PI

max
) and max-

imal expiratory pressure (PE
max

) in 120 normal individuals 
(both smokers and nonsmokers) between the ages 20 and 70. 
Maximal respiratory pressures in women were 65–70% of 
those in men. No significant age-related changes were 
observed in individuals under the age of 55. Trends toward 
reduced maximal respiratory pressure with age were seen 
for both sexes and with both PI

max
 and PE

max.
 With the 

Figure  47.4  Static compliance relations of the components of the 
respiratory system. L lungs, W chest wall, RS total respiratory system, 
TLC total lung capacity, FRC functional reserve capacity, RV residual 
volume, P pressure gradient, (a) A 20-year-old man; (b) A 60-year-old 
man. Note that the static compliance of the chest wall is substantially 
decreased (reduced slope) in the older individual, whereas FRC (resting 
volume of the respiratory system, or the point at which the pressure 
gradient across the respiratory system is zero) increases somewhat. 
Note again (compare with Fig. 35.2) that the static recoil pressure of the 
lungs is reduced in the older subject.

Figure  47.3  Turnover of elastic fibers in human lung parenchyma. 
Radiocarbon (14C) prevalence in lung elastin is shown on the ordinate, 
with zero being the level before atmospheric nuclear weapons testing 
began. Levels above zero reflect protein synthesis that has occurred 
since the 1960s (% Above Modern). The symbols are data from human 
tissues that exhibit rapid turnover, sampled during the years shown [11]. 
Each horizontal line represents an analysis of human lung parenchymal 
elastin from a single individual. The age at time of death is shown for 
each subject. The lengths and positioning of the solid portions of the 
lines correspond to timing and duration of fetal and postnatal lung 
growth, and the interrupted portions of the lines represent the remainder 
of the individuals’ life spans. The vertical position of each line repre-
sents the 14C prevalence measured in that sample. Note that the 14C 
prevalence measured in the elastin samples reflects the 14C prevalence 
in the biosphere during the period of lung growth. Individuals whose 
lungs had ceased growing before the nuclear weapons age had little 
nuclear weapons-related 14C in their lung elastin, demonstrating that 
minimal lung elastin turnover occurred during adulthood (from Shapiro 
et al. [11], with permission).
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numbers of men studied, the change with age in PI
max

 was 
not statistically significant for the male gender.

More recently, McElvaney and coworkers [15] have come 
to a different conclusion in a similar study of 104 healthy 
individuals over the age of 55. They found large variation in 
maximal respiratory pressures from individual to individual 
(as had Black and Hyatt) but no significant correlation with 
age. In contrast, in a third population of 160 healthy indi-
viduals who ranged in age from 16 to 75 years, Chen and 
Kuo found significant gender differences in maximal respira-
tory pressures as well as trends toward decrements with age 
for both PI

max
 and PE

max
 in both genders [16]. The age-related 

change in PE
max

 in the male subjects was not statistically sig-
nificant with the sample size studied. When the 40 individu-
als of both genders in the youngest age group (16–30 years) 
were compared with the 40 individuals in the oldest group 
(61–75 years), the decrement in PI

max
 was 32–36%, and the 

decrement in Pemax was 13–23%. Representative findings 
for maximal respiratory pressures in women are illustrated in 
Fig. 47.5.

Chen and Kuo measured inspiratory muscle endurance 
against a resistive load and found significant decrements 
with age [16]. Physically active men had greater inspiratory 
muscle endurance than sedentary men.

In summary, it appears that when populations of healthy 
individuals of widely differing ages are studied, moderate 

age-related decrements in respiratory muscle strength and 
endurance can be found. These studies usually define 
“healthy” only by the absence of disease and do not control 
for physical activity. They are complicated by marked inter-
individual variability, and longitudinal studies have not been 
reported. Respiratory muscle function may be better pre-
served with age than that of other skeletal muscles because 
of a straining effect of the continuous respiratory muscle 
activity. Finally, physical activity may have an additional 
straining effect that enhances inspiratory muscle endurance 
in all age groups.

Control of Breathing

Stanley and colleagues have found that elderly subjects 
(mean age 69 years) have a slower, more variable respira-
tory rate than a young control group [17, 18]. It is doubtful 
that this isolated observation has any functional signifi-
cance, but it did suggest that ventilatory control changes 
with aging.

More important is that ventilation becomes much less 
responsive to stress in elderly individuals. It is well known 
that in young individuals sensitive ventilatory control mech-
anisms match minute ventilation closely to metabolic 
demands. As a result, arterial blood-gas values remain stable 
throughout a wide range of activities from rest to strenuous 
exertion, whereas oxygen consumption and carbon dioxide 
production vary widely. Similarly, when the efficiency of gas 
exchange is diminished by a variety of lung problems (e.g., 
atelectasis and pneumonia) or congestive heart failure, appro-
priate increases in minute ventilation minimize the potential 
for resulting hypercapnia or hypoxemia in healthy young 
individuals.

To compare old and young individuals, ventilatory control 
mechanisms have typically been tested by inducing either 
hypoxemia or hypercapnia while monitoring ventilatory 
parameters. Such tests have shown striking differences 
between young and elderly individuals in ventilatory and 
cardiac responses [19–22].

Diminished Ventilatory Response  
to Hypercapnia

Kronenberg and Drage [21] compared the ventilatory 
responses to hypercapnia while PACO

2
 was allowed to rise to 

65 mmHg. The elderly individuals had a significantly dimin-
ished ventilatory response to hypercapnia, measured as the 
slope of the relation between ventilation and PACO

2
.

Figure 47.5  Representative variations in maximal respiratory pressure 
with age among women. Inspiratory and expiratory measurements were 
made at residual volume and total lung capacity, respectively. Open 
bars, maximal inspiratory pressure; hatched bars, maximal expiratory 
pressure. Error bars are standard errors of the mean. The variations 
with age were statistically significant but were small in magnitude 
(from Chen and Kuo [16], with permission).
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Diminished Ventilatory Response to Hypoxia

When these same authors [21] measured the ventilatory 
response to hypoxia, the contrasts between young and aged 
individuals were even more dramatic (Fig. 47.6). The venti-
latory response to PAO

2
 40 mmHg was uniformly smaller in 

the old subjects, and there was no overlap between the 
groups. The mean minute ventilation values at PAO

2
 

40 mmHg were 40.1 and 10.2 L/min in the young and old 
groups, respectively.

Diminished Occlusion Pressure Responses

Peterson and Fishman [23] showed that the differences in 
responses of elderly subjects to both hypercapnia and hypoxia 
are due to a lesser increase in tidal volume during stress, 
whereas the ventilatory rate increases normally. These authors 
also measured airway occlusion pressures, which are valu-
able indices of respiratory drive that are not affected by either 
respiratory muscle strength or respiratory mechanics. The 
measurements, called P

100
, are the negative pressures at the 

mouth when measured 100 ms after the start of inspiration 

against an occluded airway. The occlusion pressure responses 
to both hypoxia and hypercapnia (Fig.  47.7) were signifi-
cantly reduced in ten elderly subjects (mean age 73.3 years) 
when compared to those of nine young control subjects (mean 
age 24.4 years) [22].

In summary, the compensatory change in tidal volume in 
response to either hypoxemia or hypercapnia is reduced 
(often strikingly) with age. The less-effective homeostasis is 
apparently due to reduced responsiveness of either the ven-
tilatory drive or the neural output from the respiratory cen-
ter. It has not been determined whether the diminished 
ventilatory drive results from altered chemoreceptor func-
tion or altered function of the respiratory center. Kronenberg 
and Drage favored altered receptor function based on their 
observation that elderly subjects responded to an alveolar 
oxygen tension of 40 mmHg with only an 11% increase in 
heart rate, whereas the young subjects responded with a 45% 
increase [21].

Respiratory Load Compensation  
and Dyspnea

Normally, when there is a change in the mechanical workload 
of the respiratory system (e.g., with lung disease, changes in 
posture, or mouth versus nose breathing), there is a reflex 

Figure 47.6  Variations in ventilatory responses to hypoxia, with age. 
Eight normal men aged 64–73 years (mean 69.6 years) (circles) were 
compared to young controls aged 22–30 years (mean 25.6 years) 
(squares). Ventilation was measured while the subjects were exposed to 
isocapnic progressive hypoxia by a rebreathing method. Values are 
means ± SEM. Note that the ventilatory responses were strikingly atten-
uated in the older individuals (from Kronenberg and Drage [21], with 
permission).

Figure 47.7  Variations in occlusion pressure responses to hypoxia and 
hypercapnia, with age. Data are slopes of the relations between occlu-
sion pressure responses and either SaO

2
 or end-tidal PCO

2
; error bars 

are the SEM. Occlusion pressure responses are an indicator of ventila-
tory drive independent of chest wall compliance and respiratory muscle 
strength. The elderly individuals showed significantly and strikingly 
diminished ventilatory drives in response to both hypoxia and hyper-
capnia (from Peterson and Fishman [23], with permission).
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compensation that maintains the ventilation constant. To 
study the effects of aging, Akiyama and colleagues [24] mea-
sured responses to inspiratory flow-resistive loading in young 
and elderly individuals. In the young control group, inspira-
tory loading resulted in an increase in P

100
 at each level of 

induced hypercapnia, such that inspiratory loading did not 
change the ventilatory response to hypercapnia. In marked 
contrast, the P

100
 in the elderly group did not change when an 

inspiratory load was applied. Thus, ventilatory responses to 
hypercapnia were reduced during inspiratory loading in the 
elderly group.

At each level of PCO
2
, the intensity of perceived dyspnea 

in response to inspiratory loading was higher in the elderly 
than in the control group. Thus, the sensation of dyspnea was 
intact or enhanced in the elderly subjects, while their com-
pensatory responses were reduced.

Pulmonary Circulation

Pulmonary artery catheterization studies have typically 
been biased in that only subsets of patients have been 
reported. The reported studies were performed on individu-
als who had signs and symptoms that led to referral for 
heart catheterization. These individuals are probably not 
representative of “healthy” young and old cohorts. 
Furthermore, age-related changes in the pulmonary circula-
tion are difficult or impossible to distinguish from changes 
due to heart disease or age-related changes in cardiac func-
tion. Even if they are real, the minor increases in pulmo-
nary vascular resistance and age-related increases in 
pulmonary artery wedge pressure are probably not physio-
logically significant.

Pulmonary Function Tests

Several measurements of lung function and exercise capacity 
decline with age. However, descriptions of “normal” age-
related changes are confounded by an increasing prevalence 
of disease, chronic illness, medication use, and an increas-
ingly sedentary lifestyle. The influences of all of these factors 
are difficult to distinguish from each other. Superficially, it 
appears that longitudinal studies would provide the optimal 
design for distinguishing the effects of age from other influ-
ences. Longitudinal studies, however, have methodological 
problems and biases of their own, the most obvious being 
that the healthy elderly represent a healthy survival popula-
tion. Regardless, it does seem that age alone has potentially 
important effects on lung function.

Lung Volumes

Figure  47.8 illustrates typical lung volume changes with 
aging based on cross-sectional studies. TLC, the volume of 
air in the lungs at the end of a maximal inspiration, is 
marked by the point at which the recoil pressure exerted by 
the respiratory system is exactly counterbalanced by the 
PI

max
 generated by the respiratory muscles. Cross-sectional 

studies of TLC summarized by the European Coal and 
Steel Community [25, 26], when combined, demonstrated 
no significant age coefficients for either men or women 
[25, 26].

Both slow and forced vital capacity (FVC) decline with 
age more rapidly in men than women. Average decrements in 
vital capacity per year vary considerably; in cross-sectional 
studies, declines range from 21 to 33 ml/year in men and 18 
to 29 ml/year in women. Ware and colleagues [27], in a study 
containing both longitudinal and cross-sectional computa-
tions, found cross-sectional decreases in FVC for men and 
women to be −34 and −27.8  ml/year, respectively. Cross-
sectional studies of residual volume (RV) and the RV/TLC 
ratio consistently show increases with age. In the young, RV 
(the volume of air in the lungs at the end of a maximal expira-
tion) is the volume at which the outward static recoil pressure 
of the respiratory system is counterbalanced by the maximal 
pressure exerted by the expiratory muscles. In old subjects, 
the expiratory flow never completely reaches zero, and RV is 
determined in part by the length of time an individual can 

Figure 47.8  Lung volume changes with age. TLC total lung capacity, 
CC closing capacity, FRC functional residual capacity, RV residual vol-
ume. Although not labeled, the vital capacity is TLC minus RV. The most 
consistent age-related changes are an increase in RV and a decrease in 
ventilatory capacity (from Peterson and Fishman [23], with permission).
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maintain the expiratory effort. Other factors leading to an 
increased RV with aging include loss of lung recoil, decreased 
chest wall compliance, decreased expiratory muscle force, 
and increased small airway closure (air trapping) in depen-
dent lung zones [6].

FRC is also determined by the balance of the elastic recoil 
forces of the lung and chest wall, but in this instance, the 
equilibrium occurs at the end of a quiet (unforced) exhala-
tion. Because lung recoil decreases and the chest wall stiff-
ens with age, one would expect the FRC to increase. 
Cross-sectional studies, however, show inconsistent results, 
with most showing no change in FRC with aging. Studies 
that do find an increase in FRC with aging show a small posi-
tive age coefficient on the order of 7–16 ml/year. McClaran 
et al.’s longitudinal study found the FRC to increase 40 ml/
year, but again the change was not significant [28]. Despite 
the conflicting data, it is generally believed that FRC 
increases somewhat with aging.

Loss of lung recoil also changes the volume at which 
airway closure occurs. When adults exhale fully, small 
airways close in the region of the terminal bronchioles in 
dependent lung zones. The lung volume at which this clo-
sure begins is measured as the closing volume or, if it is 
added to the residual volume, closing capacity. Closing 
volume increases linearly with age from about 5–10% of 
TLC at age 20 to about 30% of TLC at age 70. The loss of 
lung elastic recoil, a possible decrease in the recoil of the 
intrapulmonary airways, and decreases in small airway 
diameter probably explain most of the change in closing 
volume.

On average, closing volume encroaches on tidal volume 
by about age 44 when subjects are supine and at about age 65 
when they are seated (Fig. 47.8). Airway closure during tidal 
breathing explains part of the decrease in arterial oxygen 
tension observed with aging.

Airflow

Although essentially all expiratory flows measured during a 
maximum expiratory maneuver decrease with age, the 
declines are most evident at low lung volumes (Fig. 47.9). 
Nunn and Dregg [29], in a study of 225 male and 228 healthy 
female nonsmokers, reported a modest decrease in peak 
expiratory flow (PEF) with aging. The rate of decline in FVC 
and forced expiratory volume at 1 s (FEV

1
) with age tends to 

be more in (1) men, (2) tall individuals, (3) individuals with 
large baseline values, and (4) individuals with increased air-
way reactivity. Total airway resistance, measured at FRC, 
does not change with aging.

Gas Exchange

The carbon monoxide diffusing capacity (DL
CO

) declines with 
age. Early cross-sectional studies reported a linear decline in 
DL

CO
 of about −0.1  ml CO/min/mmHg/year for men and 

−0.15 ml/min/mmHg/year for women [30, 31]. These declines 
are roughly 0.5% per year. In a large representative sample of 
US adult men, Neas and Schwartz [32] found an almost 
identical linear fall in DL

CO
. In women, however, they found 

a nonlinear, quadratic decline in DL
CO

 with age. After age 47, 
the nonlinear component was not significant, and the decline 
in DL

CO
 was identical to that in the earlier studies. The decline 

in DL
CO

 with age did not vary with race.
The decline in DL

CO
 with age is not explained by increased 

nonhomogeneity of gas distribution. Measured DL
CO

 
decreases as the alveolar PO

2
 increases and the venous hemo-

globin concentration falls. Neither alveolar PO
2
 nor hemo-

globin concentration varies enough with age to explain the 
aging-related decline in DL

CO.
 The magnitude of the decline 

in DL
CO

 corresponds fairly well to the magnitude of the 
known aging-related decrease in the internal surface area of 
the lung.

Although alveolar oxygen pressure (PAO
2
) remains 

constant with age, arterial PO
2
 decreases, and the alveolar–

arterial oxygen tension gradient (PA-aO
2
) increases with 

Figure  47.9  Maximal flow-volume curves, showing the changes in 
expiratory flow rates with age. Data are for elderly women (mean age 
63 years) and control young women (mean age 25 years). Although all 
flows tend to be reduced with aging, the reduction in flow is most evi-
dent at lower lung volumes, where the flow-volume curve is concave in 
regard to the volume axis (from Peterson and Fishman [23], with 
permission).
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aging (Fig. 47.10). The decline in PaO
2
 with aging is more 

pronounced when subjects are studied in a recumbent as con-
trasted with an upright position. The most likely explanation 
for the decline in PaO

2
 with aging is increased mismatching 

of ventilation to blood flow (V/Q ) as airway closure begins 
to occur during tidal breathing.

Summary and Implications  
for Geriatric Surgery

Aging is accompanied by readily measurable changes in 
respiratory system mechanics, gas exchange, ventilatory 
control, and respiratory muscle strength. Despite these 
changes, the activities of normal elderly individuals are not 
limited because they have substantial functional reserve of 
the respiratory system early in their lives. When anticipating 
operative morbidity and potential operative complications, 
however, the surgeon must be aware that elderly patients 
have lost much, or all, of their respiratory reserve. Operative 
stresses, pain, and bed rest are always less well tolerated by 
the respiratory system of elderly patients.

Changes in ventilatory control among geriatric patients 
deserve special attention. Because of changes in chemore-
ceptor function and respiratory center function, elderly indi-
viduals respond differently to hypoxemia and hypercapnia 
than their younger counterparts. Thus, an elderly patient who 
is developing respiratory failure may appear comfortable and 
may not be tachypneic or tachycardic. Vigilance and aware-
ness on the part of the health-care team allow detection of 
respiratory complications early, through measurement of 
oxygen saturation and arterial blood gases. Such vigilance 
allows appropriate nonemergent interventions.
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Introduction

With the aging of the baby boomer population, the number 
of people in the USA over 65 is expected to nearly double by 
2040. Currently 12.5% of the US population is over the age 
of 65, and this percentage is projected to increase to 20% by 
the year 2050. The average life expectancy in the USA is 
77.8 and projected to increase to over 80 by 2050 [1–4].

Older patients increasingly present for consideration of 
thoracic surgery, and determining the optimal management 
for this group of patients will be a more frequent challenge in 
the future. While elderly patients present with a spectrum of 
thoracic disease, both benign and malignant, patients with 

cancer comprise the largest and most studied subset of this 
population.

Lung cancer is a disease of the elderly. The median age of 
diagnosis for lung cancer in the USA is 71 years and over 
65% of patients are diagnosed after age 65. National Cancer 
Institute statistics indicate that lung cancer is the leading 
cause of cancer mortality in men and women [5, 6]. In 2008 
an estimated 215,020 Americans will be diagnosed and 
161,840 people will die of lung cancer. Over 100,000 lung 
cancer deaths will be in patients over the age of 65 [7].

Non-small cell lung cancer (NSCLC) comprises 80–85% 
of primary lung tumors, small cell lung cancer (SCLC) makes 
up 15–20% and 1–2% are pulmonary carcinoid [8–10]. SCLC 
is usually widely metastatic at time of diagnosis, and rarely 
under the purview of the surgeon; however, the percentage of 
lung cancer patients with SCLC histology falls with age [10]. 
Surgical resection of NSCLC and pulmonary carcinoid offers 
the best chance for oncologic cure. Additionally, retrospective 
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Case Study

Ms. Jones is an 82-year-old F who was in her usual state 
of good health when she developed a fever and cough. 
A chest X-ray revealed left upper lobe pneumonia and 
she was successfully treated with a course of antibiotics. 
Three months later her pneumonia recurred, and at that 
time a chest CT showed a left upper lobe nodule. A 
biopsy of the nodule was consistent with adenocarci-
noma, and she was referred for thoracic surgery 
evaluation.

On evaluation Ms. Jones is found to be healthy and 
active, despite recent flares of arthritis in her hands. 
Her family refers to her as “well preserved.” She walks 
daily for a quarter mile with her family, shops for her 
own groceries and enjoys gardening. She carries a bas-
ket of laundry up two flights of stairs every day, and 
carries two bags of groceries at a time into the kitchen 

from her car. She had a myocardial infarction 17 years 
ago and 2 years ago had a cardiac stent placed. She has 
a history of reflux disease which seems to be worsening 
over the past year. She has osteoarthritis and the kypho-
sis in her back has become quite obvious. She has a 
distant 27-pack year smoking history. She has exten-
sive social supports and is viewed as the matriarch of a 
family that includes 6 children and 21 grandchildren. 
Her first great grandchild is expected this fall. She is 
active in her church and volunteers at a shelter serving 
meals once a month.

Pulmonary function tests are notable for good lung 
function with an FEV1 of 1.8 L (81% predicted) and an 
FVC of 2.6 L (88% predicted). She is able to walk 1,400 
feet in 6 min without hypoxia. She is able to climb two 
flights of stairs without difficulty. A brain MRI, bron-
choscopy, and mediastinoscopy are all negative. How 
does Ms. Jones advanced age affect her management?
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evidence suggests that resection of isolated metastases to the 
lung may improve survival.

The decision to undergo surgical resection for malignant 
disease should not be based on age alone. An understanding 
of the unique qualities of this patient population has lead to 
improved surgical outcomes for the elderly over the last sev-
eral decades. Patient evaluation, selection, and peri-operative 
management must all be adapted to provide best possible 
care for the increasing numbers of aged patients undergoing 
surgery for cancer. Management of an elderly lung cancer 
patient requires a global consideration of the characteristics 
of aging, differences in tumor presentation and histology, 
and co-morbidities that tend to accumulate over time. The 
initial interview with a patient and family members is used to 
elucidate important variables that may impact operative risk 
and expectations of the recovery process. These questions 
should elucidate the current independent status of the patient, 
social supports, mood, and signs of reduced activity or phys-
ical limitations. After all, the elderly population is a hetero-
geneous group of patients ranging in functional reserve from 
the surprisingly well preserved to the wheelchair bound.

Physiologic Changes of Age

Physiologic changes of the respiratory system associated with 
aging include reduced chest wall compliance with stiffening 
of calcified costal cartilages and narrowing of the interverte-
bral disc space. A progressively restricted ribcage is accom-
panied by decreased diaphragmatic excursion. Postoperative 
weakness of the hemi-diaphragm in this group can lead to 
otherwise unexplained respiratory failure. There is a reduc-
tion of lung elastic recoil with loss of alveolar architecture 
producing a decreased alveolar gas exchange surface. The 
loss of lung elastic recoil and decreased lung compliance 
diminishes negative intrapleural pressure, which then pre-
vents reopening of the small airways, resulting in air trapping 
and inadequate ventilation. Functionally this manifests in 
a  gradual decline of vital capacity and partial pressure of 
oxygen (Po

2
), with an increase in residual volume. Progressive 

atrophy creates weakness of the respiratory musculature. 
Decline in motor power of the accessory muscles and a stiff-
ening of the chest wall also result in a declining forced expira-
tory volume in 1  s (FEV1). Changes in lung compliance 
are not uniformly distributed. Higher respiratory rates there-
fore increase ventilation–perfusion mismatch. Additionally, 
there is a decrease in central nervous system responsiveness. 
The elderly exhibit a blunted ventilatory response to both 
hypoxic and hypercapneic insults [11, 12].

Physiologic changes in lung mechanics make elderly 
patients particularly sensitive to narcotics and muscle relax-
ants, as well as to supine positioning. Elderly patients are 
also at increased risk for respiratory tract infections, due to 

waning immune responses [13]. Smoking in particular has 
been shown to cause bronchial mucociliary dysfunction [14]. 
which has been associated with increased susceptibility to 
infection [15]. Finally, elderly patients with marked kyphosis 
and accompanying paraesophageal diaphragmatic hernias 
are at particular risk for postoperative aspiration.

Increasing age is associated with declines in other organ 
systems as well. There is a decline in glomerular filtration rate, 
an increasing incidence of heart disease, and an increasing inci-
dence of cognitive dysfunction. Changes in body composition 
decrease the volume of distribution of water-soluble drugs [16]. 
Additionally, elderly patients take more medications than 
younger patients and are vulnerable to adverse drug effects.

Preoperative Evaluation

Elderly patients are at increased risk for preoperative 
morbidity and mortality due to both decreased ability to 
recover physiologic homeostasis after surgical stress and 
co-morbid conditions. Older patients represent a heteroge-
neous population, and should be offered surgery based on 
physiologic rather than chronological age. A thorough pre-
operative assessment is imperative to determine whether a 
patient is an appropriate surgical candidate and to predict 
and avoid postoperative complications. Numerous risk 
assessment tools have been created to define preoperative 
variables that correlate with poor outcomes; however, an 
easy to use, strongly predictive tool, has been elusive. 
Geriatric assessment tools aimed at predicting outcomes in 
the specific elderly surgical population remain under study.

All patients in consideration for lung cancer resection sur-
gery require a complete history and physical exam with par-
ticular attention to characterization of symptoms, smoking 
history, and weight loss. At a minimum, patients should 
undergo a chest X-ray, electrocardiogram, a room air arterial 
blood gas, pulmonary function tests for patients undergoing 
lung resection, basic laboratory work, and a complete stag-
ing evaluation. Further workup can be determined based on 
symptoms or the status of co-morbid conditions.

Accurate diagnosis and staging is of utmost importance to 
ensure that patients are appropriately chosen for operative 
resection. Elderly patients should have radiographic and sur-
gical staging of suspected lung cancers in the same manner 
as younger counterparts. Only after the exact stage is known 
can rational treatment decisions be made. Therefore, elderly 
patients should have chest CT scans to image suspected lung 
nodules, PET scans to look for metastatic disease, brain 
scans to look for occult metastases and, if indicated, cervical 
mediastinoscopy to stage mediastinal nodes. Elderly patients 
with suspected lung nodules should not be denied this stan-
dard workup unless their functional status is so impaired that 
treatment is not possible.
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Cardiac Risk Assessment

The American Heart Association (AHA) and American 
College of Cardiology (ACC) developed consensus practice 
guideline for peri-operative cardiovascular evaluation for non-
cardiac surgery that provides a template for assessing patients 
of all ages [17]. The AHA/ACC guidelines describe a step-
wise approach to preoperative surgery with risk stratification 
and further imaging determined by utilizing symptoms, clini-
cal predictors, and functional capacity. Clinical history should 
focus on assessment for coronary risk factors and physical 
capacity including the ability to climb two flights of stairs or 
walk one block. In general, patients with poor functional sta-
tus, or patients with a history of angina or claudication should 
undergo noninvasive testing. In thoracic surgery patients it 
may be difficult to determine if symptom etiology is the result 
of cardiac or pulmonary pathology, thus it is appropriate to 
have a low threshold for additional cardiac imaging and 
assessment by a cardiologist to assist with risk stratification.

Supraventricular tachycardias are very common after 
thoracic surgery, with increased risk for older patients or 
those with a faster preoperative heart rate [18]. The risk of 
postoperative atrial fibrillation is 19% in patients undergo-
ing lung resection for cancer [19]. Randomized trials of tho-
racic surgery patients have determined that calcium channel 
blockers or beta-blockers can reduce the incidence of post-
operative atrial fibrillation by 50–60%; however, beta-blockers 
were associated with an increased risk of pulmonary edema. 
Neither class of medication reduced mortality. Three trials 
showed that digitalis increased the risk of atrial arrhythmias 
[20]. Beta-blockers and calcium channel blockers will both 
reduce postoperative atrial fibrillation; however, beta-block-
ers are preferred by some due to their broader benefits of 
cardiac risk reduction. On the other hand, up to half the 
doses of postoperative beta-blocker may have to be held due 
to transient hypotension or bradycardia, leading others to 
recommend the use of calcium channel blockers.

Pulmonary Risk Assessment

All patients under consideration for lung resection surgery 
should have pulmonary function tests performed. FEV1 by 
spirometry is the most common measured value used to deter-
mine a patient’s suitability for surgery. In the 1970s, data 
obtained from over 2,000 patients showed a <5% mortality 
rate for patients with an FEV1 >1.5 L for lobectomy and >2 L 
for pneumonectomy [21, 22]. Absolute values for FEV1 may 
create a bias against older people; however, a value of >80% 
of predicted has been quoted by some as sufficient for a 
patient to undergo pneumonectomy without further pulmo-
nary testing [23]. In reviewing more recent spirometry stud-
ies performed from NSCLC patients in 1994–2000, Datta and 

Lahiri concluded that increased postoperative morbidity and 
mortality were predicted by an FEV1 of <2 L or <60% pre-
dicted for pneumonectomy, an FEV1 of <1.6  L for lobec-
tomy, and <0.6 L for wedge or segmentectomy [24].

Lung resections have been undertaken in patients with 
much poorer lung function. In 2005, Linden et al. published 
data from a series of 100 consecutive patients with preopera-
tive FEV1 of <35% predicted undergoing lung tumor resec-
tion. In this series, there was a 1% mortality rate (single case 
of perforated colonic diverticulum) and a 36% complication 
rate. Morbidity was dominated by 22% of patients with pro-
longed air leaks. Eleven patients were discharged with a new 
oxygen requirement, and four patients developed pneumo-
nia. Only one patient was discharged on a ventilator and 
three other patients required intubation for >48 h [25].

In a study of 237 patients, Ferguson et al. found preopera-
tive diffusion capacity for carbon monoxide (DLCO) to be 
more predictive of postoperative mortality than FEV1. In 
this study, a DLCO of <60% predicted was associated with 
increased mortality and a DLCO of <80% predicted was pre-
dictive of increased pulmonary complications [26]. Other 
studies, however, have not found this parameter to be a sig-
nificant predictor of postoperative complications [27, 28]. 
DLCO and spirometry may be used as complimentary tests, 
particularly in patients with diffuse parenchymal disease or 
dyspnea that is out of proportion to the FEV1, with a low 
DLCO prompting further evaluation [22].

Formal and simple exercise testing evaluates the cardio-
pulmonary system under induced physiological stress and 
also has been found to be predictive of postoperative compli-
cations. Girish et al. prospectively studied symptom-limited 
stair climbing in thoracic and upper abdominal surgery 
patients. No complications occurred in patients who could 
climb seven flights of stairs, while 89% of patients unable to 
climb one flight of stairs had complications. Inability to climb 
two flights of stairs had a positive predictive value of 80%. 
The ability of patients to climb stairs was found to be inversely 
related to the length of postoperative hospital stay [29]. The 
6-min walk test (6MWT) measures the distanced walked over 
a period of 6 min. A normal patient is able to cover at least 
1,400 feet in 6 min. In a qualitative review, Solway concluded 
that the 6MWT was easy to administer and more reflective of 
activities of daily living than other walk tests [30]. While stair 
climbing and 6MWT are easy to perform, their use in elderly 
patients may be limited by orthopedic impairments, periph-
eral vascular insufficiency or neurological impairments.

As published previously [31], a recommended preopera-
tive pulmonary evaluation for an elderly patient should 
consist of spirometry, pulmonary diffusion capacity of the 
lung for carbon monoxide (DLCO), room air ABG, and 
exercise tolerance tests including stair climbing and 6-min 
walk. Patients with an FEV1 >1 L and no major abnormality 
of other tests (FEV1/FVC >50%, DLCO >50% predicted, 
ABG paO

2
 >45  mm Hg, tolerance of exercise tests) may 
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safely proceed with surgery, including pneumonectomy 
(Fig. 48.1).

Further evaluation for patients who fall outside these 
criteria include ventilation/perfusion scans to calculate 
predicted postoperative (PPO) lung function and VO

2
 max 

testing. A PPO FEV1 threshold of 0.8 L [32] or 0.7 L [33] 
has been suggested as a lower limit value for proceeding 
with lung resection. Absolute values of PPO FEV1 can 
underestimate postoperative lung function in people with 
small stature or the elderly, and can thus be converted into 
percent-predicted postoperative (% PPO) lung function. 
Multiple studies have suggested that morbidity increases at a 

threshold % PPO FEV1 of <40%, or a % PPO DLCO of 
<40% [26, 34–37].

Measurement of maximal oxygen consumption (VO
2
 

max) by formal cardiopulmonary exercise testing is help-
ful to further risk stratify patients with borderline lung 
function. A VO

2
 max of <10 ml/kg/min had a very high 

operative morbidity (26% total in combined data) in 
several small case series. VO

2
 max values of 10–15 ml/kg/

min had an intermediate peri-operative morbidity (8.3% 
total) whereas patients with >15 mg/kg/min can proceed 
with lung resection surgery with an acceptable mortality 
rate [22].

Figure 48.1  Recommended 
pulmonary evaluation for patients 
undergoing lung resection 
surgery. DLCO diffusion 
capacity for carbon monoxide, 
ABG arterial blood gas, FEV1 
forced expiratory volume in 1 s, 
FVC forced vital capacity, VO

2
 

Max maximal oxygen consump-
tion, PPO predicted 
postoperative.
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Cognitive Assessment

The likelihood of returning to baseline physical and mental 
function after surgery is one of the most important outcomes 
for an elderly patient. While patients and their families accept 
that there will be a postoperative recovery time in the hospi-
tal or rehabilitation setting, it is difficult to assess the magni-
tude of this functional decline and predict the risk of 
permanent loss of independence. There is a paucity of data 
assessing changes in quality of life after thoracic surgery in 
the elderly, and few studies that assess whether surgery trig-
gers postoperative loss of independence, or change in need 
for assistance or living requirements. A study of 68 octoge-
narians undergoing pulmonary resections at Johns Hopkins 
Medical Institutions showed that 80% of patients were dis-
charged directly to home from the hospital rather than to 
rehab, offering some proxy information regarding immediate 
postoperative return to function [38]. Moller et al. published 
a study in 1998 that showed a 25% rate of cognitive dysfunc-
tion at 1 week postop from major noncardiac surgery in 
elderly patients (average age 68), with continued dysfunc-
tion in 9% at 3 months [39]. Data from many studies verify a 
high incidence of postoperative cognitive dysfunction in the 
first week after surgery, and dysfunction does tend to increase 
with age. Only one other study has substantiated long-term 
declines over controls, and some have suggested that declines 
found in these studies may be due to random variation 
[40, 41]. Karneko et al. determined that preoperative demen-
tia was a risk factor for postoperative delirium [42]. 
Furthermore, Fukuse et  al. found that thoracic surgery 
patients with preoperative dementia, as estimated by the 
mini-mental status exam (MMS), were fourfold more likely 
to have postoperative complications [43].

Geriatric Assessments

There are multiple assessment indices that have been applied 
to elderly patients to link preoperative function with risk for 
poor outcome. Functional status describes the ability to per-
form self-care, self-maintenance, and physical activities. 
Traditional measures used to assess functional status are 
activities of daily living (ADLs) and instrumental activities 
of daily living (IADLs). ADLs are six basic self-care skills, 
including the ability to bathe, dress, go to the toilet, transfer 
from a bed to chair, maintain continence, and feed one’s self. 
IADLs include higher functioning skills that are used to 
maintain independence in the community. This scale assesses 
ability to use the telephone, go shopping, prepare food, 
perform housekeeping and laundry, use various modes of 
transportation, assume responsibility for medications, and 

the ability to handle finances. Need for assistance in these 
tasks has been predictive of prolonged hospital stay, nursing 
home placement and home-care requirements [44, 45]. Poor 
nutritional status, defined as a BMI <22 kg/m2 has been asso-
ciated with increased need for assistance with ADLs and a 
decreased 1-year survival [46]. A lower ADL score is associ-
ated with postoperative complications [47]. The information 
source reporting a patient’s functional status biases the 
results, with self-reported scores rating higher than scores 
reported by a significant other or nurse [48].

Performance status is a standardized scale designed to 
measure the ability of a cancer patient to perform ordinary 
tasks. There are two scales, the Karnofsky performance 
scale, which ranges from 0 (dead) to 100 (normal) and the 
ECOG scale that ranges from 0 (asymptomatic) to 5 (dead). 
Comparisons of the two scales have been validated with a 
large sample of patients [49]. Performance status has been 
used to select patients for entry into chemotherapy trials; 
however, it is also well accepted to be associated with post-
operative morbidity [50–52].

Postoperative Care

Postoperative management must be optimized specifically 
for the elderly population. Narcotic use should be minimized 
whenever possible to prevent delirium, and appropriate 
elderly patients should be assessed for preoperative place-
ment of a thoracic epidural catheter for analgesia. 
Benzodiazapines and medications for sleep should also be 
minimized. Excellent pulmonary hygiene must be main-
tained with frequent chest physiotherapy and early ambula-
tion. At our institution, thoracic ambulation carts, as shown 
in Fig.  48.2, are used to facilitate walking patients who 
require oxygen, and are otherwise tethered with multiple 
lines and catheters. Forearms are supported by pads while 
hands wrap around a handbrake. Oxygen tanks and ambula-
tory saturation monitors are stored along the sides. Pleural 
drainage systems can be suspended from the side rails. 
A cloth strap is used to secure the patient to the cart during 
ambulation.

Non-small Cell Lung Cancer

Stage at Presentation

Elderly patients more frequently have early-stage disease, 
compared to younger patients with lung cancer. O’Rourke 
et al. used a database of 22,874 patients to demonstrate that 
percentage of patients with surgically resectable disease at 
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diagnosis increases with age. The percent of lung cancer 
patients with local stage NSCLC increased from 15.3% of 
those aged 54 years or younger, to 19.2% of those aged 
55–64 years, to 21.9% of those aged 65–74 years, and to 
25.4% of those aged 75 years or older [53]. Data published 
from the Surveillance, epidemiology, and end results (SEER) 
database in 2005 analyzing a cohort of 14,555 patients with 
early-stage NSCLC showed that the frequency of stage I dis-
ease increased from 79% in patients <65 to 87% in patients 
age 75 or greater [54]. Thus, although the elderly are at 
higher risk of developing lung cancer, a higher proportion 
present with potentially curable disease.

Histology

Elderly patients are more likely to be diagnosed with 
squamous cell carcinoma (SCC) over other histology types 
[10, 55, 56]. Mery et  al.’s analysis of the SEER database 
showed that the frequency of SCC increased from 27% in 
patients <65 years old, to 38% in patients 75 and older, with 
parallel decreases in frequency of adenocarcinoma from 61 
to 50% in corresponding age groups [54]. SCCs are associ-
ated with a higher incidence of local disease [53], tend to 

have lower recurrence rates and may have longer survival 
times than non-squamous cell cancers [57–59]. Squamous 
cell tumors are more likely to be centrally located however, 
and thus are more likely to require pneumonectomy for 
curative resection.

Extent of Resection

Surgical resection for NSCLC offers the best chance for 
cure. The extent of NSCLC resection in elderly patients has 
been extensively debated, with advocates for limited resec-
tions for the aged. Lobectomy, removal of one of the five 
lobes of the lung and associated lymph nodes within a single 
pleural membrane, is considered standard of care for surgical 
resection of early-stage NSCLC [60]. Unfortunately there 
are multiple studies that substantiate age as a risk factor for 
death after thoracotomy. Using data from the 1960s and 
1970s, several small single institution studies published 
operative mortality rates of 14–27% for the elderly depend-
ing on age and type of surgery [61–64]. These findings were 
confirmed by a multiinstitution study by the Lung Cancer 
Study Group in 1983. Ginsberg et al. reviewed 2,200 cases of 
lung resection for cancer and found that operative mortality 
increased proportionally with age. Patients with age <60 had 
a 1.3% 30-day mortality rate, with increasing rates of 4.1, 
7.0, and 8.1% mortality rates for the 60–69, 70–79, and 80 or 
greater age groups, respectively [65].

More recently, Mery et al. determined a 30-day postop-
erative mortality rate of 14,555 patients who had undergone 
curative resections for treating stage I or II NSCLC over the 
period of 1992–1997. In an analysis of patients undergoing 
all types of surgery, there was a 0.45% mortality rate for 
those under age 65 years old, 0.6% for ages 65–74, and 1.2% 
for patients age 75 or older ( p = 0.001). Mortality differences 
were found to be primarily due to differences in survival of 
patient undergoing lobectomy, with 0.3, 0.5, and 1.5% mor-
tality, respectively, for these corresponding age groups 
( p = 0.0001). The difference in peri-operative mortality was 
statistically similar for patients undergoing limited resection 
[66]. Prior published reports likewise did not identify a dif-
ference in expected operative mortality after thoracotomy if 
lung-sparing operations were performed [67–69].

The American College of Surgeons Oncology Group 
(ACOSOG) Z0030 Study published morbidity and mortality 
data in 2006 for 1,023 clinically resectable T1 or T2, N0 or 
non-hilar N1 NSCLC patients randomized over a period 
from 1999 to 2004 to undergo pulmonary resection with 
lymph node sampling vs. mediastinal lymph node dissec-
tion. Their age-stratified morbidity and mortality data is 
shown in Table 48.1. Notably, overall mortality was 1.4%, 
improved from Ginsberg’s reported 3.8%, and was not statis-
tically associated with age [70]. Ninety percent of patients in 

Figure 48.2  Thoracic ambulation cart used to facilitate early postop-
erative ambulation (artwork by Marcia Williams).
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the ACOSOG Z0030 study underwent resection via a 
thoracotomy, with the remaining procedures performed as 
video-assisted thoracic surgery (VATS) or VATS-assisted 
resections. Operative mortality reported by Ginsberg for 
pneumonectomy and lobectomy was 6.2 and 2.9%, respec-
tively, compared with 0 and 1.3%, in the ACOSOG study. 
Notably the pneumonectomy rate of the earlier study was 
25.6 vs. 4% in ACOSOG, likely partially explaining the 
higher mortality rate of the earlier study. The complication 
rate did rise as age increased, with 49% of patients in the 80 
and over age group experiencing one or more complication.

The operative risk of death after pulmonary resections is 
largely attributable to two anatomical disruptions. First there 
is the loss of functional lung tissue, and secondly there is the 
morbidity and mortality introduced by the access thoraco-
tomy. Operative strategies particular to the elderly popula-
tion addresses both of these fronts, with use of video-assisted 
thoracoscopic surgery (VATS) to minimize the chest wall 
disruption of a thoracotomy and by consideration of limited 
resections for the most elderly. Figure 48.3 illustrates the dif-
ference in the disruption of chest wall musculature between 
thoracotomy and VATS approaches.

VATS is defined as surgery performed through two or 
three incisions that are 2  cm in length. A utility incision 
<10  cm long may be used, without spreading of the ribs. 

VATS procedures in the elderly have been shown to have 
lower morbidity, lower rates of postoperative delirium and 
result in earlier ambulation, a lower narcotic requirement, 
and a quicker recovery time [71–75].

Limited resections, consisting of either a sementectomy 
or wedge resection, remove less lung tissue and are usually 
performed via VATS. These operations are associated with 
less peri-operative morbidity and mortality; however, do not 
completely remove draining lymphatics and may be associ-
ated with poorer oncologic outcomes. A randomized trial by 
the Lung Cancer Study Group of limited resection vs. lobec-
tomy for T1 N0 disease revealed a tripling of locoregional 
recurrence with limited resection, and a trend toward 
improved survival in the lobectomy group [76]. Divergence 
of the survival curves between lobectomy and limited resec-
tion did not occur until 3 years after surgery, however, indi-
cating a potential role for limited resection in patients with a 
shorter expected life span. Additional studies have concluded 
that limited resection remains a “compromise” treatment for 
elderly patients or those with limited cardiopulmonary 
reserve [77]. An age-stratified analysis of 14,555 patients in 
the SEER database, showed no benefit for lobectomy over 
limited resection in patients over age 71 [54]. Figure 48.4 
shows a schematic of the range of lung resections. The deci-
sion to perform a limited resection vs. a lobectomy must take 
into account the patient’s ability to tolerate a larger surgery 
and potential associated complications vs. a smaller resec-
tion with less durable oncologic outcomes.

Pulmonary Carcinoid

Pulmonary carcinoids represent 1–2% of lung tumors. They 
consist of a spectrum of neuroendocrine tumors that are 
divided into those with typical (TC) or atypical (AC) histo-
logical features. While carcinoids tend to present in younger 
patients, atypical tumors are often diagnosed about 10 years 
later than typical carcinoid, occurring in the sixth decade. 

Table 48.1  ACOSOG Z0030 Study age-stratified morbidity and mortality after resection for clinically resectable T1 or T2, N0 or non-hilar N1 
NSCLC

Event Age <50 (n = 35) 50–59 (n = 171) 60–69 (n = 386) 70–79 (n = 361) 80+ (n = 70)

One or more complications 8 (23%) 50 (29%) 136 (35%) 162 (45%) 34 (49%)
Air leak >7 days 1 (3%) 14 (8%) 24 (6%) 33 (9%)   6 (9%)
Chest tube drainage >7 days 0 14 (8%) 42 (11%) 53 (15%)   9 (13%)
Chylothorax 1 (3%)   3 (2%) 3 (1%) 5 (1%)   1 (1%)
Hemorrhage 1 (3%)   3 (2%) 10 (3%) 16 (4%)   4 (6%)
Recurrent nerve injury 0   0 5 (1%) 2 (<1%)   0
Atrial arrhythmia 1 (3%) 13 (8%) 53 (14%) 68 (19%) 12 (17%)
Respiratory 4 (12%)   8 (5%) 30 (8%) 29 (8%)   3 (4%)
Death 1 (2.6%)   0 3 (0.8%) 8 (2.2%)   2 (2.9%)
Source: Reprinted with permission from [70] Copyright Elsevier 2005

Figure 48.3  Lung resection surgery via (a) posteriolateral thoracotomy 
(b) video-assisted thoracoscopic surgery (artwork by Marcia Williams).
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Atypical carcinoids tend to be larger, are usually localized to 
the peripheral lung fields, and are more aggressive than typi-
cal carcinoids. The 5-year survival is 40–60 vs. 90% for 
indolent typical carcinoids [78]. Limited resection with 
wedge or segmentectomy is the preferred treatment for local-
ized carcinoids. More extensive resection has been advocated 
for atypical carcinoids, with extent of resection mirroring 
recommendations for NSCLC [79, 80].

Surgical Resection for Pulmonary Metastases

Metastasis to the lungs is a common oncologic problem. 
Pulmonary metastases tend to be an indicator of widely 
metastatic disease; however, in some patients metastases to 
the lungs may occur in isolation. Retrospective evidence 
suggests that highly selected patients may have improved 
survival after resection of pulmonary metastases. Indications 
for the procedure include (1) control of the primary site, 
(2) metastatic disease isolated to the thorax, (3) resectable 
disease, and (4) sufficient cardiopulmonary reserve for the 
operation [81]. Most studies have found that age does not 
have a prognostic influence on overall survival [82–87].

The largest evaluation of outcomes after lung metastasec-
tomy comes from the International Registry of Lung 
Metastases. Established in 1990, the registry enrolls all 
patients who have undergone resection of lung metastases 
with curative intent. Of the 5,206 patients enrolled between 
1991 and 1995, 43% of lung metastases were epithelial in 
origin, 42% were sarcomas, 7% were germ cell tumors, 6% 
were melanomas, and 2% were other types. Single metastases 
accounted for 46% and multiple metastases 52%. Germ cell 
tumors had the best survival and melanoma the poorest sur-
vival at 5 and 10 years (68% at 5 years and 63% at 10 years 
vs. 21 and 14%, respectively). The survival rates for epithelial 

tumors and sarcomas did not differ significantly (37% at 
5 years and 21% at 10 years vs. 31 and 26%, respectively). 
Rates of recurrence also varied by histology type, with 64% 
for sarcomas and melanoma, 46% for epithelial and 26% for 
germ cell tumors with a median time to recurrence of 10 
months. In a multivariate analysis, disease-free interval (DFI), 
number of metastases and tumor type were highly prognostic 
of long-term survival. Based on these findings, Pastorino 
et al. proposed four prognostic groupings to provide a frame-
work for management. Group I consisted of patients with 
resectable metastases, a DFI ³ 36 months and a single metas-
tasis. Group II patients had resectable metastases, and a DFI 
of <36 months or multiple metastases. Group III again had 
resectable lesions and both a DFI of <36 months and multiple 
metastases. Patients with unresectable metastases made up 
group IV. Median survival for these four groups were 61, 34, 
24, and 14 months for groups I–IV, respectively [87].

The use of VATS over thoracotomy for lung metastasec-
tomy is controversial, as the surgeon is not able to palpate the 
lung for additional lesions. In 1994, Collie et  al. reported 
that conventional CT missed up to 50% of pulmonary metas-
tases found at surgery [88]. Furthermore, McCormack et al. 
found additional malignant lesions at thoracotomy in 56% 
of patients after initial VATS exploration, and thus con-
cluded that thoracotomy with manual palpation was the gold 
standard for metastasectomy [89]. Preoperative evaluation 
with PET has a reported sensitivity of up to 94% for lesions 
1.1–1.9 cm; however, it has limited ability to detect smaller 
lesions [90]. Other investigators, however, found no differ-
ence in rates of recurrence or survival between VATS and 
thoracotomy [91, 92]. As advances in imaging technology 
increase the ability to detect smaller lesions, it is likely that 
the use of VATS will become more commonplace, particu-
larly in older patients. Elderly patients with isolated pulmo-
nary metastases and adequate cardiopulmonary reserve 
should be considered for surgical resection.

Figure 48.4  Extent of resection, (a) wedge resection, (b) lobectomy, (c) and pneumonectomy (artwork by Marcia Williams).
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Case Study Update

Given Ms. Jones’ relatively good health and performance 
status, her expected life expectancy was felt to be at least 
5 years, and that this would be shortened without resec-
tion of her cancer. As an octogenarian, a limited VATS 
resection was chosen over thoracotomy to reduce peri-
operative morbidity and mortality. She underwent a 
VATS left upper lobe wedge resection and mediastinal 
nodal sampling without event, and was discharged home 
on postoperative day 4. Her pathology returned as T1 N0 
Mx bronchioalveolar carcinoma (BAC). Ms. Jones con-
tinued to do well until 18 months after her surgery when 
a new contralateral right upper lobe spiculated mass was 
detected on follow-up chest CT scan. Interval follow-up 
CT showed slow growth of this nodule and a lack of 

lymphadenopathy. A bone scan and head CT was nega-
tive for metastatic disease. Diagnostically, it was unclear 
if this was a metastasis, a new primary tumor, or a benign 
nodule. She otherwise remained in good health and 
elected to proceed with VATS wedge resection of this 
second nodule. Pathology from this resection again 
proved to be BAC.

Two years after her second resection her chest CT 
showed evidence of recurrence of BAC, now in the left 
lower lobe, and she developed a left pulmonary effusion. 
She began to have progressive shortness of breath and 
was started on gefitinib. This stabilized her disease and 
her symptoms for another 12 months. She eventually 
succumbed to her disease, 5 years after her initial diag-
nosis. Her functional status remained excellent for four 
and a half of those years.

Treatment Patterns of Elderly  
Cancer Patients

There are multiple studies that point to the under-treatment 
of cancer in the elderly, for both lung cancer and other 
diseases [93]. Published data from the SEER database 
showed that the frequency of limited resections increased 
with age, with a decline of pneumonectomies and lobecto-
mies with age. Approximately, 30% of the most elderly 
patients in the database were denied surgery or were 
offered only palliative surgery, in contrast with only 8% 
of the youngest patients [54]. Age is associated with 
declines in functional reserve and organ function, and 
optimal treatment is often affected by co-morbid condi-
tions. Adding to the complexity involved in treatment, the 
elderly have often not participated in clinical trials, often 
forcing clinicians to rely primarily on retrospective data 
for treatment decisions [94].

Using 2004 data, the life expectancy of an 80-year-old in 
the USA is 9.1 years (8.2 years for males, 9.8 years for 
females), whereas the median survival for elderly patients 
with untreated early-stage lung cancer is only 14 months 
[95]. This suggests that life limitation for an 80-year-old 
with lung cancer is likely to be cancer related [96]. 
Table 48.2 [97] shows life table data from 2004 for patients 
older than 65.

Summary Recommendations

Resection of pulmonary malignancies has been shown to be 
safe in selected elderly patients. Age alone should not be a 
contraindication to a therapy that offers the best chance for 
cure for early-stage cancer patients. A thorough preoperative 
assessment can help individualize the morbidity and mortal-
ity risk of surgery for each patient, and thus provide both 
surgeon and patient with the information needed for opera-
tive decision-making. Operative interventions in the elderly 
require coordinated attention to the specific requirements of 
the aged. Efforts must be made to balance complete onco-
logic resection with the elderly’s limited tolerance for 
homeostatic insult. Specialized multidisciplinary care pro-
vided by primary-care physicians, geriatric specialists, cardi-
ologists, oncologists, surgeons, anesthesia, nursing, physical 
therapy, and nutrition optimize care for the elderly thoracic 
surgery patient.

Table 48.2  Life expectancy by age, USA, 2004

Age Total Male Female

65 18.7 17.1 20.0
70 15.1 13.7 16.2
75 11.9 10.7 12.8
80   9.1   8.2   9.8
85   6.8   6.1   7.2
90   5.0   4.4   5.2
Source: Data from [97]
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Cardiovascular illnesses in the elderly are, in many respects, 
a natural consequence of aging. The aging process is associ-
ated with degeneration of organs and their functions, includ-
ing the brain, heart, musculoskeletal system, and vascular 
system. Cardiovascular illnesses, such as ischemic heart dis-
ease, peripheral vascular disease, and congestive heart failure 
can be expected to occur in some form or other as we age; 
and nearly everyone who survives into their eighties has evi-
dence of cardiovascular pathology. It is interesting that when 
questioned about their preferred mode of demise, many older 
people indicate that they would choose to sustain a sudden 
fatal cardiac event over such unpleasant terminal illnesses as 
cancer, stroke, dementia, or other afflictions of the elderly.

Many of the dramatic advances in the management of car-
diovascular diseases during the past 30  years have been 
directed toward premature or “unnatural” cardiovascular 
conditions such as ischemic heart disease in young people, 
cardiomyopathies causing heart failure in young adults, val-
vular heart conditions creating disability in middle-aged 
people, and the like. Coronary bypass grafting and percuta-
neous coronary angioplasty were offered initially only to 
young patients with disabling angina. Heart transplantation 
was undertaken initially only in patients 50 years or younger. 
Even today, cardiac transplantation is considered inappropri-
ate for people in their late fifties and older.

Along with the survival improvement and increased lon-
gevity for young people with heart disease that has occurred 
over the past two to three decades, the general population, 
especially in prosperous and developed countries, has been 
blessed with increasing longevity, as many preventable causes 
of early deaths are being dealt with successfully. With the 
enhanced life expectancy, has come changing expectations 
among our aging fellow citizens. Retirement is no longer 
viewed as the end of one’s useful lifetime, but rather, as a 

period of enrichment during which the rewards of a productive 
life can be realized and enjoyed. One’s ability to function 
successfully as an elderly member of society – that is, being 
able to remain independent and to participate in a variety of 
important social, physical, and intellectual activities – ends 
up defining one’s quality of life. If an elderly individual 
develops a cancer that is unfavorable for successful treat-
ment, that patient and his or her family usually accept the 
inevitability of death and attempt to deal with the pain and 
suffering associated with the disease and the need to prepare 
for dying. The prevailing attitude toward many cardiovascu-
lar conditions in the elderly, however, is often different. We 
often do not accept as readily the inevitability of continued 
deterioration and death from cardiovascular illnesses, even 
when such problems occur in older individuals.

What, then, should be the proper approach to cardiovas-
cular disease in the elderly? Because heart and vascular dis-
eases are a natural consequence of aging, should we develop 
limits indicating at what age one should cease and desist 
from treating the cardiovascular condition invasively and let 
“nature takes its course?” Should a patient’s age of 75 or 80 
become the cutoff for such advanced cardiovascular thera-
pies as angioplasty, coronary bypass grafting, or placement 
of internal cardiac defibrillators? On the other hand, in view 
of our observation that most elderly people want to live as 
long as possible with a suitable quality of life, should we 
offer aortic valve replacement to the octogenarian who is 
functionally intact except for heart-related episodes of syn-
cope from isolated critical aortic valve stenosis? Should we 
broaden the criteria for eligibility for heart transplantation to 
old patients who may, in fact, have an extended life expec-
tancy if the current disabling heart failure is adequately man-
aged by cardiac transplantation? There are no easy answers 
to these and similar questions. They involve a host of consid-
erations beyond the scope of whether an operation can be 
done safely on a given patient or if there are identifiable 
preoperative patient characteristics that allow accurate risk 
factor analysis.

What must be acknowledged by all who are concerned with 
health care for the elderly is that there will be a continuing and 
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dramatic increase in the percent of elderly in the population 
and a notable increase in the number of those surviving beyond 
80 years of age. Because of the nature of cardiovascular ill-
nesses, it is likely that such conditions will predominate among 
our aging population, and that illnesses such as unstable angina 
in an 80-year-old woman who is living alone successfully will 
mandate interventional treatment even though the risk of death 
or complications with angioplasty or surgery is increased. 
Likewise, the 85-year-old man who is living comfortably in a 
retirement home, but develops an acute myocardial infarction 
should be given the opportunity to receive intravenous throm-
bolytic therapy despite his age and despite the increased risk 
of adverse bleeding events.

The challenge that must be faced when considering the 
expanded application of advanced or invasive therapies for 
cardiovascular disease in the elderly is that of defining and 
predicting the expected outcomes of various treatments in 
terms of immediate and long-term survival along with com-
plications, morbidities, and the restoration of one’s quality of 
life. Epidemiologic methods and techniques should be used 
in an attempt to account for survival differences among 
elderly patients with specific cardiovascular conditions. 
Using such information, risk profiles that are based on the 
individual’s health characteristics and are predictive of treat-
ment success or failure can be developed and discussed 
before undertaking advanced treatments.

In addition, it is mandatory to recognize differences 
between elderly patients and younger individuals with car-
diovascular illnesses. Even such simple concepts as varia-
tions in pharmacokinetics in an old patient compared to that 
in the young, “general population” in whom most clinical 
trials have been performed becomes an important challenge. 
For example, despite the fact that there may be statistically 
validated efficacy associated with the use of a b-blocker for 
certain cardiovascular conditions, such a medication when 
used in an elderly patient may result in disabling complica-
tions, such as syncope or heart block. Percutaneous coronary 
angioplasty or intraarterial stenting from the usual femoral 

artery approach may be precluded in the elderly patient with 
severe peripheral vascular disease. Coronary artery bypass 
grafting, which has negligible mortality risks in otherwise 
healthy young patients, is much riskier even in the “healthy” 
elderly patient, with a substantially higher likelihood of 
death or disabling stroke.

Treatments for cardiovascular illness that, when success-
ful, prolong life and enhance the quality of that life should 
not be withheld from an elderly patient simply based on that 
individual’s age. On the other hand, we must recognize that 
invasive therapies, including catheter interventions and espe-
cially major surgical procedures, are likely to be less suc-
cessful and more often associated with complications because 
of age-related comorbidities and other degenerative condi-
tions. To determine accurately the risk–benefit relation of a 
suggested treatment, we must be able to stratify the risks 
according to the patient’s individual characteristics including 
his or her advanced age. Successful treatment of the elderly 
individual with cardiovascular disease requires also the com-
mitted interest and attention of specialists who are willing 
and able to view their elderly patients with the same discrim-
ination that pediatric specialists are called upon to utilize 
when caring for young children.

Finally, a commitment to preserve and sustain the useful 
life of our elderly patients must be supported by a societal 
commitment to support advanced medical therapies for these 
individuals. In virtually every developed country of the world, 
health care for the elderly is provided through government 
support for medical care. Each society must continuously 
renew its commitment to supporting and caring in the most 
appropriate way for its elderly citizens. The challenge and 
responsibility for those in medicine is to provide advanced 
medical care to elderly patients only when it is appropriate, 
that is, when it can be expected to sustain useful life for that 
patient. The challenges of the aging society, which we will 
face for the foreseeable future, are immense. It is predictable 
that much of the focus in medical care will remain on 
management of cardiovascular illnesses in the elderly.
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Age-related changes in the cardiovascular system, overt and 
occult cardiovascular disease, and decreased physical activ-
ity affect cardiovascular function in older persons. With 
aging, there is a loss of myocytes in both the left and right 
ventricles with a progressive increase in myocyte cell volume 
per nucleus in both ventricles [1]. There is also a progressive 
decrease in the number of pacemaker cells in the sinus 
node, with only 10% of the number of cells present at age 20 
remaining at age 75 [2].

Gonzalez et al. [3] have shown in an animal model that 
chronologic age also leads to telomeric shortening in cardiac 
progenitor cells. Aging affects the growth and differential 
potential of cardiac stem cells, interfering not only with their 
ability to sustain physiologic cell turnover but also with their 
capacity to adapt to increases in pressure and volume loads 
[4, 5].

Afterload

Resistance to the ejection of blood by the left ventricle (LV) 
is termed afterload. There are two components to afterload: 
peripheral vascular resistance (PVR) and characteristic aortic 
impedance. PVR is the steady-state component and provides 
opposition to steady blood flow. Characteristic aortic imped-
ance is the dynamic component and opposes pulsatile blood 
flow. PVR is calculated by dividing the mean arterial pres-
sure by the cardiac output; it is inversely proportional to the 
cross-sectional area of the PV beds. Characteristic aortic 
impedance is measured as the time variation in mean arterial 
pressure/flow through the aorta; it is inversely proportional 
to the arterial compliance (the distensibility of the arterial 
wall). An indirect measurement of afterload is the pulse wave 
velocity, which measures the propagation speed of pressure 

waves traveling from proximal to distal arterial segments; it 
increases as arteries become less compliant.

With aging, the large elastic arteries become dilated with 
a decrease in compliance [6]. Progressive thickening of the 
aortic media and intima are associated with aortic enlarge-
ment [7]. There is an age-associated increase in arterial stiff-
ness resulting from changes in the arterial media, such as 
thickening of the smooth muscle layers, increased fragmen-
tation of elastin, an increase in the amount and characteris-
tics of collagen, and increased calcification [8]. These 
structural changes are associated with a decrease in aortic 
distensibility due to increased aortic stiffness with an increase 
in pulse wave velocity [9]. The structural changes in the 
arterial wall are independent of coexisting atherosclerosis. 
Avolio et al. [9] showed an increase in pulse wave velocity 
with age in farmers from Guanzhou Province in southern 
China despite a low prevalence of atherosclerosis in this pop-
ulation. The age-associated increase in stiffness and decrease 
in distensibility of large elastic arteries is not found in distal 
arteries [10].

Impedance spectral patterns have demonstrated an age-
related increase in characteristic aortic impedance and PVR 
[11]. The decrease in arterial PV vascular beds [11]. PVR 
was not age-related in healthy persons screened for occult 
coronary artery disease (CAD) in the Baltimore Longitudinal 
Study of Aging [12], but increased with age in persons not 
screened for occult CAD [13]. Arterial stiffening appearing 
as an increase in pulse wave velocity is associated with 
degeneration of the vascular media independent of athero-
sclerosis. Arterial stiffening causes earlier occurrence of 
wave reflection from peripheral sites to the ascending aorta 
during LV ejection. Therefore, aortic and carotid phasic pres-
sures increase to a greater magnitude at a later time during 
LV ejection, causing an increase in systolic and pulse pressures 
and a delayed peak in the aortic pressure pulse contour.

Circulating levels of catecholamines increase with age, 
especially with stress, although b-adrenergic vasodilation of 
vascular smooth muscle decreases [14]. a-Adrenergic vaso-
constriction of vascular smooth muscle does not change with 
age [15]. The impaired vasodilator response to b-adrenergic 

W.S. Aronow (*) 
Cardiology Division, New York Medical College, 
Macy Pavilion, Room 138, Valhalla, NY 10595, USA 
e-mail: wsaronow@aol.com

Chapter 50
Physiologic Changes in Cardiac Function with Aging

Wilbert S. Aronow and William H. Frishman 



622 W.S. Aronow and W.H. Frishman

stimulation with age is most important during exercise and 
contributes to the increased afterload associated with aging.

Increased afterload results in an increase in blood pressure. 
With aging, there is an increase in systolic blood pressure 
(SBP) and a widened pulse pressure. A slight reduction in 
diastolic blood pressure occurs after the sixth decade [16]. 
The increase in SBP is due to interactions of aging, cardio-
vascular disease, and lifestyle factors, such as dietary sodium 
intake, body weight, and level of physical activity. An age-
associated increase in the index of aortic stiffening was not 
found in normotensive persons on a low sodium chloride diet 
[17]. The increase in carotid augmentation index (an index 
of aortic stiffening) in highly trained elderly men was half of 
that expected on the basis of age alone [18]. The prevalence 
of abnormal aortic stiffness increases steeply in the commu-
nity with advancing age, especially in the presence of diabetes 
mellitus and obesity [19].

As aortic compliance decreases with aging, the transfer of 
kinetic energy from the blood ejected during LV systole to 
potential energy stored in the elasticity of the aortic wall is 
reduced. Consequently, return of the potential energy stored 
in the elasticity of the aortic wall back to the kinetic energy 
of blood flow during diastole also is reduced. Therefore, the 
LV must eject its stroke volume into a less compliant aorta 
with greater pressure and force to achieve adequate cardiac 
output. The increased pulse wave velocity also causes the 
pressure in the aorta to increase and peak later during sys-
tole, contributing to the increased SBP and widened pulse 
pressure.

Posterior LV wall thickness increased with increasing age in 
normotensive men and women screened for occult CAD in the 
Baltimore Longitudinal Study of Aging [20]. Data from per-
sons in this study suggested that the increase in LV wall thick-
ness associated with aging is mediated by an increase in SBP. 
Aging is also associated with an increase in the prevalence of 
hypertension and cardiovascular disease and, therefore, with 
the LV hypertrophy (LVH) seen by echocardiography.

Age-associated LVH is caused by an increase in the vol-
ume but not in the number of cardiac myocytes. Fibroblasts 
undergo hyperplasia, and collagen is deposited in the myocar-
dial interstitium. Increased afterload results in increased LV 
systolic stress, and the addition of sarcomeres, in parallel, 
causes increased LV wall thickness with a normal or reduced 
LV chamber size and an increased relative wall thickness.

In the Framingham Heart Study, echocardiographic LVH 
was observed in 33% of men and 49% of women older than 
70 years [21]. In our elderly population, echocardiographic 
LVH was found in 226 of 554 men (41%) with a mean age of 
80 years and in 539 of 1,243 women (43%) with a mean age 
of 82 years [22].

In our elderly population, systolic or diastolic hyperten-
sion was present in 255 of 664 men (38%) with a mean age 
of 80 years and in 651 of 1,488 women (44%) with a mean 

age of 82 years [23]. In another study of our elderly population, 
systolic or diastolic hypertension occurred in 108 of 215 
Blacks (50%) with a mean age of 81 years, in 411 of 1,140 
Whites (36%) with a mean age of 82 years, and in 19 of 54 
Hispanics (35%) with a mean age 81 years [24]. Echocardio-
graphically diagnosed LVH occurred in 66 of 92 hyperten-
sive Blacks (72%), in 194 of 346 hypertensive Whites (56%), 
and in 8 of 15 hypertensive Hispanics (53%) [24]. However, 
it was observed in only 2 of our 88 elderly persons (2%) 
without hypertension or overt cardiac disease [25].

Regular aerobic endurance exercise attenuates age-related 
decreases in central arterial compliance and restores levels in 
previously sedentary healthy middle-aged and elderly men 
[26]. Regular aerobic endurance exercise also can prevent 
the age-associated loss in endothelium-dependent vasodila-
tion and restore levels in previously sedentary middle-aged 
and elderly healthy men [27]. These are mechanisms by 
which regular aerobic endurance exercise contributes to a 
reduced risk of cardiovascular disease in the elderly [26, 27].

Preload

Preload is the filling volume of the LV. Preload is determined 
by many factors that influence blood return to the heart and 
by the mechanical properties of the heart during diastolic fill-
ing of the LV.

Resting LV end-diastolic volume, measured by radionu-
clide ventriculography using multiple gated pool acquisition 
imaging or by echocardiography, is not age-related in healthy 
persons, indicating that the resting preload does not change 
with age [6, 12, 28]. Although resting preload does not 
change with age, LV early diastolic filling decreases with age.

Passive filling of the LV occurs during the rapid filling 
and diastasis phases of early diastole. With age, LV stiffness 
is increased, LV compliance reduced, LV wall thickness 
increased, LV relaxation impaired, and LV early diastolic 
filling reduced. This may result in hypotension if preload is 
reduced. An age-related increase in SBP also decreases LV 
early diastolic filling, leading to hypotension if preload is 
decreased. LV filling during early diastole is reduced 50% 
from age 20 to 80 [6, 29, 30].

Despite the decrease in early diastolic filling of the LV 
with age, preload is maintained because left atrial contrac-
tion becomes more vigorous to increase late diastolic filling 
of the LV [6, 28–34]. Augmentation of late diastolic filling of 
the LV prevents a reduction in LV end-diastolic volume. The 
ratio of late diastolic Doppler peak transmitral velocity (peak 
atrial, or A wave, velocity) to early diastolic Doppler peak 
transmitral velocity (peak rapid filling, or E wave, velocity) 
increases from approximately 0.6 at 30 years of age to 1.2 at 
70 years of age [35]. A reduction in the E/A wave ratio with 



62350  Physiologic Changes in Cardiac Function with Aging

age reflects a decrease in LV compliance. An age-related 
increase in left atrial size resulting from increased wall stress 
due to increased left atrial pressure counteracts the effects of 
reduced LV compliance with age. In our older population, 
619 of 1,797 older persons (34%) had echocardiographic left 
atrial enlargement [22].

Age was the most powerful independent variable LV 
filling in healthy persons in the Framingham Heart Study 
[36]. Age was inversely associated with the E wave (peak 
early diastolic filling velocity) and was directly associated 
with the A wave (peak late diastolic filling velocity). Other 
independent variables that contributed to a lesser degree to 
LV filling were heart rate, PR interval measured from the 
electrocardiogram (ECG), gender, LV systolic function, and 
SBP. Increasing the heart rate decreases peak early diastolic 
filling and increases peak late diastolic filling velocity. The 
PR interval on the ECG is inversely associated with peak 
early diastolic filling velocity. Women have slightly higher 
peak early diastolic filling velocities than men. LV systolic 
function is directly associated with peak early diastolic filling 
velocity. Increasing the SBP increases the peak late diastolic 
filling velocity [36, 37]. Age-associated abnormalities in 
Doppler measures of myocardial filling and relaxation are only 
partially minimized by lifelong endurance training [38].

A decrease in preload is not well tolerated in older persons. 
Decreased intravascular volume, reduced venous return to 
the heart, vasodilation by drugs or disease states, and use of 
drugs such as nitrates or diuretics decrease preload and may 
cause reduced cardiac output and hypotension in older per-
sons. Reduced compliance of the LV and decreased cardiac 
and vascular responsiveness to b-adrenergic stimulation [39] 
cause elderly persons to be highly dependent on the Frank–
Starling mechanism to increase cardiac output. Older per-
sons are more susceptible to developing orthostatic hypo- 
tension [40–42]. Impaired baroreceptor reflex sensitivity 
[43], reduced cardiac responsiveness to b-adrenergic stimu-
lation [36], loss of arterial compliance, reduced venous return 
due to increased venous distensibility, impaired compensa-
tory mechanisms for maintenance of fluid volume and elec-
trolyte balance, increased incidence of common precipitating 
diseases and disorders, and the use of multiple drugs contrib-
ute to orthostatic hypotension. Older persons are also more 
susceptible to developing postprandial hypotension [43–46].

Marked decreases in postprandial SBP in the elderly may 
predispose them to symptomatic hypotension and to falls, 
syncope, angina pectoris, and transient cerebral ischemic 
attacks [44–48]. At 29-month follow-up, a marked reduction 
in postprandial SBP in older persons was associated with an 
increased incidence of falls, syncope, new coronary events, 
new stroke, and total mortality [48]. Whether therapeutic 
interventions to prevent a marked decrease in postprandial 
SBP in elderly persons can reduce the incidence of these out-
comes at long-term follow-up must be investigated.

Because left atrial contraction can contribute up to 50% of 
LV filling in a poorly compliant LV, the development of atrial 
fibrillation may result in a marked decrease in cardiac output 
because of loss of the left atrial contribution to LV late dia-
stolic filling. A rapid ventricular rate associated with atrial 
fibrillation also decreases the time for diastolic filling of the 
LV, resulting in a marked reduction in cardiac output.

The incidence of chronic atrial fibrillation also is increased 
with age [49, 50]. In 2,101 elderly persons in a nursing home, 
the prevalence of chronic atrial fibrillation was 5% in per-
sons aged 60–70 years, 13–14% in persons aged 71–90 years, 
and 22% in persons aged 91  years and older [50]. Atrial 
fibrillation in old persons is associated with an increased 
incidence of new thromboembolic stroke [49, 50] and new 
coronary events [51, 52].

Cardiac output increases during exercise in healthy old 
persons owing to an increase in venous return to the heart, 
increasing the diastolic filling of the LV and allowing an 
increased stroke volume to be ejected during exercise 
(Frank–Starling mechanism) [53]. The maximal heart rate 
response to exercise decreased with age in healthy subjects 
in the Baltimore Longitudinal Study of Aging [12], whereas 
exercise stroke volume increased with age to maintain the 
exercise cardiac output. The increase in exercise stroke vol-
ume resulted from an increase in LV end-diastolic volume 
(preload) via the Frank–Starling mechanism. In contrast, 
healthy nonelderly persons achieved an increase in exercise 
cardiac output primarily by an increase in heart rate. Exercise 
stroke volume increased in nonelderly healthy persons owing 
to a slight increase in the LV end-diastolic volume and a 
large reduction in the LV end-systolic volume. The exercise-
induced increase in heart rate and decrease in LV end-systolic 
volume in nonelderly persons is probably mediated by 
b-adrenergic stimulation. The increase in LV end-diastolic 
volume during exercise in healthy older persons suggests 
that the age-associated decrease in resting early diastolic filling 
of the LV does not persist during exercise.

Contractility

The intrinsic ability of the heart to generate force does not 
change with age in healthy persons, although the duration of 
contraction and relaxation is prolonged in senescent animals 
[54, 55]. Prolongation of the LV ejection time [56] and the 
pre-ejection period [57] with age in healthy persons indicates 
that prolongation of contraction occurs with age. Prolongation 
of the duration of contraction in senescent animals is associ-
ated with increased muscle stiffness and prolongation of the 
action potential duration [58]. These age-related changes are 
associated with cellular changes in the excitation-contraction 
coupling mechanism [59] and are an adaptive response to 
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preserve contractile function in response to an age-induced 
increase in afterload.

There is no decrease in resting LV ejection fraction 
(LVEF) or circumferential fiber shortening in old persons 
with no evidence of heart disease [6, 12, 28, 60, 61]. However, 
systolic function with exercise decreases with age. In the 
Baltimore Longitudinal Study of Aging, old persons showed 
less exercise-induced increase in LVEF than did younger 
persons because of an age-related increase in LV end-systolic 
volume [12]. However, the absolute values of LVEF at maximal 
exercise LV ventricular contractility in healthy old persons 
during maximal exercise are manifestations of reduced 
b-adrenergic responsiveness, with aging partially offset by 
exercise-induced dilation of the LV [62].

Diastolic Function

Aging is associated with prolongation of the isovolumic 
relaxation time, decreased early diastolic filling of the LV, 
and augmented late diastolic filling of the LV [29, 32, 35]. 
Normal aging changes that affect the LV diastolic function 
include increased SBP, increased LV wall thickness, 
reduced LV early diastolic filling, prolonged LV diastolic 
relaxation, increased left atrial size, and increased LV late 
diastolic filling [63].

With age occurs slowing of the rate at which calcium is 
sequestered by the sarcoplasmic reticulum following myo-
cardial excitation, which causes decreased relaxation of the 
LV [59, 64, 65]. Accumulation of calcium at the onset of 
diastole may decrease LV diastolic relaxation and early dia-
stolic filling [64]. Decreased oxidative phosphorylation and 
cumulative mitochondrial peroxidation occurring with age 
may also decrease the LV diastolic function [66, 67].

Increased LV stiffness with age due to increased intersti-
tial fibrosis and cross-linking of collagen in the heart impairs 
LV diastolic relaxation and filling [1, 68–70]. Myocardial 
ischemia in the absence of CAD caused by decreases in cap-
illary density and coronary reserve with age may further 
reduce LV diastolic function in old persons [1, 71].

In addition to a decrease in LV diastolic relaxation and 
early diastolic filling caused by age, old persons are more 
likely to have LV diastolic dysfunction because they have an 
increased prevalence of hypertension, myocardial ischemia 
due to CAD, and LVH due to hypertension, CAD, valvular 
aortic stenosis, hypertrophic cardiomyopathy, and other car-
diac disorders. The increased stiffness of the LV and pro-
longed LV relaxation time reduce LV early diastolic filling 
and cause higher LV end-diastolic pressures at rest and during 
exercise in old persons [72, 73].

In patients with congestive heart failure (CHF) associated 
with LV systolic dysfunction, the LVEF <50%. Amount of 

myocardial fiber shortening is reduced, the stroke volume is 
decreased, the LV is dilated, and the patient is symptomatic.

With CHF, due to LV diastolic dysfunction with normal 
LV systolic function, the LVEF is normal. Kitzman et al. [74] 
showed that during exercise, persons with CHF and normal 
LV systolic function but abnormal LV diastolic function were 
unable to increase stroke volume normally, even in the pres-
ence of increased LV filling pressure. Myocardial hypertro-
phy, ischemia, or fibrosis causes slow or incomplete LV 
filling at normal left atrial pressures. The left atrial pressure 
increases to augment left ventricular filling, resulting in pul-
monary and systemic venous congestion. The development 
of atrial fibrillation may also cause a decrease in cardiac 
output and the development of pulmonary and systemic 
venous congestion because of loss of the left atrial contribu-
tion to LV late diastolic filling and reduced diastolic filling 
time due to a rapid ventricular rate.

In a prospective study of 2,535 persons older than 60 years 
(mean 82 years), CHF developed in 677 persons (27%) [75]. 
In a prospective study of 1,160 men and 2,464 women older 
than 60 years, mean age 81 years, CHF developed in 29% of 
older men and in 26% of older women [76]. Elderly persons 
are more likely than nonelderly persons to develop CHF 
because of abnormal LV diastolic dysfunction with normal 
LV systolic function. Table 50.1 shows that the prevalence of 
normal LVEF in older persons with CHF ranges from 34 to 
52% [75, 77–82]. The prevalence of normal LVEF with CHF 
is also higher in old women than in old men [75, 78–82].

A normal LVEF was present in older persons with CHF 
in 44% of 55 African-American men versus 58% of 110 
African-American women, in 46% of 24 Hispanic men 
versus 56% of 34 Hispanic women, in 35% of 148 white men 
versus 57% of 303 white women, and in 38% of 227 older 
men versus 57% of 447 older women [82]. Table 50.2 shows 
the prevalence of a normal LVEF in 572 older persons with 
CHF in men and women of different age groups [75]. In the 

Table  50.1  Prevalence of normal left ventricular ejection fraction 
(LVEF) in older persons with congestive heart failure (CHF)

Study
Results for patients with CHF and 
normal LVEF

Wong [77] 41% of 54 persons, mean age 80 years
Aronow [78] 47% of 247 persons, mean age 

82 years
Cardiovascular Health  

Study [79]
59% of 186 persons, mean age 

73 years
Framingham Heart 

Study [80]
51% of 73 persons, mean age 73 years

Pernenkil [81] 34% of 501 persons, mean age 
81 years

Aronow [75] 50% of 572 persons, mean age 
82 years

Aronow [82] 51% of 674 persons, mean age 
81 years
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community, advancing age and female gender are associated 
with increases in vascular and ventricular systolic and dia-
stolic stiffness even in the absence of cardiovascular disease 
[83]. This contributes to the increased prevalence of CHF 
with a normal LVEF in elderly persons, especially in elderly 
women.

LVEF should be measured in all patients with CHF in 
order that appropriate therapy may be given [84–88]. For 
example, digoxin should not be used to treat persons with 
CHF and normal LVEF if sinus rhythm is present [63, 89–93]. 
By increasing contractility through increasing intracellular 
calcium ion concentration, digoxin may increase LV stiffness, 
increasing left ventricular filling pressure, and adversely 
affecting CHF due to LV diastolic dysfunction. Patients with 
CHF due to abnormal LVEF tolerate higher doses of diuretics 
than do patients with CHF and normal LVEF. Patients with 
CHF due to LV diastolic dysfunction with normal LVEF need 
high LV filling pressures to maintain an adequate stroke vol-
ume and cardiac output and cannot tolerate intravascular 
depletion. These patients should be treated with a low-salt 
diet with cautious use of diuretics, rather than with large doses 
of diuretics. Patients with abnormal LVEF should not be treated 
with calcium channel blockers [94, 95].

Cardiovascular Response to Exercise

The maximal oxygen consumption (VO
2max

) is the best over-
all measurement of cardiovascular fitness [96]. VO

2max
 is the 

product of cardiac output and systemic arteriovenous oxygen 
difference at peak exercise. Maximal cardiac output – the 
heart rate multiplied by the stroke volume at peak exercise – 
is a more direct measurement of cardiovascular reserve than 
is VO

2max
 [96]. VO

2max
 is reduced with age [97, 98]. The 

degree of reduction of VO
2max

 with age is affected by physical 
conditioning, subclinical CAD, smoking, and body weight. 
Table 50.3 lists the cardiovascular responses to exercise in 
healthy old persons.

In the Baltimore Longitudinal Study of Aging, older male 
athletes had a higher peak exercise VO

2max
 than older seden-

tary men [99]. The greater peak exercise VO
2max

 in older male 
athletes than in older sedentary men was achieved by a higher 

cardiac index and a greater systemic arteriovenous oxygen 
difference. The higher peak exercise cardiac index in older 
male athletes than in older sedentary men was due to a higher 
stroke volume index with similar maximal heart rates. Long-
term endurance training also is associated with enhanced 
ventricular diastolic filling indices [100]. Older age is associ-
ated with a reduced exercise efficiency and an increase in the 
oxygen cost of exercise, which contributes to a reduced exer-
cise capacity. These age-related changes are reversed with 
exercise training [101].

A reduction in maximal systemic arteriovenous oxygen 
difference occurs with age [102]. The decrease in muscle 
mass with age may play a major role in the decrease in sys-
temic arteriovenous oxygen difference at peak exercise and 
in VO

2max
 [103].

Fleg et al. [104] also investigated the effect of age on peak 
upright cycle exercise in healthy sedentary men and women 
aged 22–86  years in the Baltimore Longitudinal Study of 
Aging. Peak cycle work rate was reduced with age in both 
men and women but was greater in men than in women at 
any age. Both men and women had peak exercise reductions 
in heart rate, cardiac index, and LVEF and increases in the 
LV end-diastolic volume index and end-systolic volume 
index with age. Peak exercise stroke volume index did not 
vary with age in men or women. The exercise-induced 
decrease in LV end-systolic volume index and the increases 
in cardiac index, stroke volume index, and LVEF from rest 
were greater in older men than in older women.

Age-Related Changes in Cardiovascular 
Function

Table 50.3 lists some age-related changes in cardiovascular 
function in healthy old persons. Contractility at rest does 
not change with age, but the duration of LV contraction 
and relaxation is prolonged. Age-associated reductions in 
maximal heart rate and in LV contractility during maximal 
exercise are manifestations of reduced b-adrenergic respon-
siveness with age partially offset by exercise-induced dilation 
of the LV.

Reduced arterial compliance contributes more to the 
age-related increase in afterload than does the loss of 
peripheral vascular beds. The impaired vasodilator 
response to b-adrenergic stimulation with age is most 
important during exercise and contributes to the increased 
afterload associated with age. Resting preload does not 
change with age. LV early diastolic filling is reduced with 
age. Augmentation of late diastolic filling of the LV pre-
vents a reduction in LV end-diastolic volume with age. The 
maximal heart rate response to exercise is reduced with age. 
Exercise stroke volume is increased with age to maintain 

Table  50.2  Association of congestive heart failure with normal left 
ventricular ejection fraction with gender and age in 572 older persons

Age (years) Normal left ventricular ejection fraction

60–69 22% of 18 men and 37% of 38 women
70–79 33% of 54 men and 44% of 79 women
80–89 41% of 86 men and 59% of 219 women
³90 47% of 19 men and 73% of 59 women
All ages 37% of 177 men and 56% of 395 women with 

congestive heart failure
Source: Adapted from Aronow et al. [75]
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the exercise cardiac output, resulting from an increase in 
preload by the Frank–Starling mechanism. VO

2max
 and the 

systemic arteriovenous oxygen difference at peak exercise 
are reduced with age. Aging also selectively impairs 
endothelium-dependent function [105].

In addition to age-related changes in cardiovascular func-
tion and deconditioning due to a sedentary lifestyle, old per-
sons also have a higher prevalence and incidence of 
cardiovascular disorders that impair cardiovascular perfor-
mance than do nonelderly persons. Old persons are more 
likely than nonelderly persons to develop CHF secondary to 
abnormal LV diastolic dysfunction with normal LV systolic 
function.

Treatment of Congestive Heart Failure

The LVEF should be measured in all persons with CHF so 
appropriate therapy may be given [84–88]. For example, 
digoxin should not be used to treat persons with CHF and 

normal LVEF if a sinus rhythm is present [63, 89–93]. Large 
doses of diuretics and nitrates should also be used cautiously 
in persons with CHF and a normal LVEF [95].

Calcium channel blockers such as diltiazem, nifedipine, 
and verapamil exacerbate CHF associated with abnormal 
LVEF [106]. Diltiazem increased mortality in patients with 
pulmonary congestion associated with abnormal LVEF 
after myocardial infarction [107]. The Multicenter 
Diltiazem Postinfarction Trial showed, in persons with a 
LVEF less than 40%, that late CHF at follow-up was 
increased in patients randomized to diltiazem (21%) ver-
sus those randomized to placebo (12%) [108]. Prospective 
studies have found that the vasoselective calcium channel 
blockers amlodipine [109] and felodipine [110] did not 
significantly affect survival compared with placebo in 
patients with CHF associated with abnormal LVEF. There 
was a significantly higher incidence of pulmonary edema 
in the persons treated with amlodipine (15%) than in per-
sons treated with placebo (10%) [109]. The American 
College of Cardiology (ACC)/American Heart Association 
(AHA) guidelines recommend that calcium channel block-
ers should not be given to persons with CHF associated 
with abnormal LVEF [94].

Abnormal Left Ventricular Ejection Fraction

Table 50.4 shows the ACC/AHA Class I recommendations 
for treating patients with current or prior symptoms of 
CHF with reduced LVEF [94]. Older persons with CHF 
associated with abnormal LVEF should be treated with a 
low sodium diet and with diuretics plus an angiotensin-
converting enzyme (ACE) inhibitor [111, 112] plus a 
b-blocker such as metoprolol CR/XL [113], carvedilol 
[114], bisoprolol [115], or nebivolol [116]. An angiotensin 
receptor blocker should be used if the patient is intolerant 
to an ACE inhibitor because of cough or angioneurotic 
edema [117]. Regular physical activity such as walking 
should be encouraged in patients with mild to moderate 
HF to improve functional status and to decrease symptoms. 
Patients with CHF who are dyspneic at rest at a low work 
level may benefit from a formal cardiac rehabilitation pro-
gram [118].

An implant cardioverter defibrillator and cardiac resyn-
chronization therapy should be used according to ACC/AHA 
guidelines [94, 119–121]. An aldosterone antagonist such as 
spironolactone [122] or eplerenone [123] should be used 
according to ACC/AHA guidelines [94].

Table 50.5 shows the ACC/AHA Class IIa recommenda-
tions for treating patients with current or prior symptoms of 
CHF with reduced LVEF [94]. Isosorbide dinitrate plus 
hydralazine was very effective in treating Blacks with CHF 

Table 50.3  Cardiovascular responses to exercise in healthy old 
persons

Maximal heart rate is reduced with age
Exercise stroke volume is increased with age to maintain cardiac 

output
Increased exercise stroke volume with age results primarily from 

increase in LV end-diastolic volume by Frank–Starling  
mechanism

Reduction in muscle mass with age plays role in age-associated 
decreases in systemic arteriovenous oxygen difference and in  
VO

2max
 at peak exercise

LV end-diastolic and end-systolic volumes are increased during peak 
exercise with age

Peak exercise LV ejection fraction is reduced with age
Exercise-induced decrease in the LV end-systolic volume index  

and increases in the cardiac index, stroke volume index, and  
LV ejection fraction from rest are greater in old men than  
in old women

Contractility at rest does not change with age
Duration of LV contraction and relaxation is prolonged with age
Reduction in arterial compliance contributes more to age-related 

increase in afterload than does loss of peripheral vascular beds
Resting preload does not change with age
LV early diastolic filling is reduced with age
Augmentation of late diastolic filling of the LV prevents a reduction in 

LV end-diastolic volume with age
Age-associated reductions in maximal heart rate and LV contractility 

during maximal exercise are manifestations of reduced  
b-adrenergic responsiveness with age partially offset by  
exercise-induced dilation of the LV

Aging selectively impairs endothelium-dependent function
LV left ventricle, left ventricular
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in the African-American Heart failure trial [124, 125]. The 
serum digoxin level should be maintained between 0.5 and 
0.8 ng/ml to avoid an increase in mortality [95, 126, 127].

In experimental studies, the recognition of factors enhancing 
the activation of the cardiac stem cell pool, their mobiliza-
tion and translocation, however, suggest that the detrimental 
effects of aging on the heart might be prevented in the future 
by local stimulation of cardiac stem cells or the intramyocar-
dial delivery of cardiac stem cells following their expansion 

and rejuvenation in vitro [3, 5, 128]. Cardiac stem cell ther-
apy may become perhaps a novel strategy for the devastating 
problem of heart failure in the old population.

Normal Left Ventricular Ejection Fraction

Table  50.6 shows the therapy for older persons with CHF 
associated with a normal LVEF. b-Blockers [116, 129], ACE 
inhibitors [130, 131], and angiotensin receptor blockers 
[132] are efficacious in the treatment of these patients.

In older persons with CHF associated with a normal 
LVEF, pulmonary congestion is reduced by a low sodium 
diet, diuretics, and nitrates. Sinus rhythm is maintained to 
increase the LV filling time. The ventricular rate is slowed 
below 90 beats per minute by a b-blocker to increase LV filling 
time. Myocardial ischemia should be decreased and is best 
achieved by giving a b-blocker. Elevated SBP is decreased 
by diuretics and an ACE inhibitor. The LV mass is reduced 
by an ACE inhibitor. LV relaxation should be improved by 
ACE inhibitors or b-blockers.

Cardiovascular Disease

In addition to age-related changes in cardiovascular function 
and deconditioning due to a sedentary lifestyle, old persons 
also have a higher prevalence and incidence of cardiovas-
cular disorders, which impair cardiovascular performance, 
than nonelderly persons. Table 50.7 lists the prevalence of 
some cardiovascular disorders in an elderly population in a 
long-term health care facility [76, 133, 134].

Table 50.4  Class I recommendations for treating persons with current 
or prior symptoms of heart failure with decreased left ventricular 
ejection fraction

Treat underlying and precipitating causes of heart failure
Use diuretics and salt restriction in persons with fluid retention
Use ACE inhibitors
Use b-blockers
Use angiotensin II receptor blockers if intolerant to ACE inhibitors 

because of cough or angioneurotic edema
Avoid or withdraw nonsteroidal anti-inflammatory drugs, most 

antiarrhythmic drugs, and calcium channel blockers
Recommend exercise training
Implant cardioverter-defibrillator in persons with a history of cardiac 

arrest, ventricular fibrillation, or hemodynamically unstable 
ventricular tachycardia

Implant cardioverter-defibrillator in persons with ischemic heart 
disease ³40 days postmyocardial infarction or nonischemic 
cardiomyopathy, a LVEF £30%, NYHA Class II or III symptoms 
on optimal medical therapy, and an expectation of survival of 
³1 year

Use cardiac resynchronization therapy in persons with a LVEH £35%, 
NYHA Class III or IV symptoms despite optimal therapy, and a 
QRS duration >120 ms

Add an aldosterone antagonist in selected patients with moderately 
severe to severe symptoms of heart failure who can be carefully 
monitored for renal function and potassium concentration (serum 
creatinine should be £2.5 mg/dl in men and £2.0 mg/dl in women; 
serum potassium should be <5.0 mEq/l)

Source: Adapted from Hunt et al. [94]
ACE angiotensin converting enzyme, LVEF left ventricular ejection 
fraction, NYHA New York Heart Association

Table  50.5  Class IIa recommendations for treating persons with 
current or prior symptoms of heart failure with decreased left ventricular 
ejection fraction

Angiotensin II receptor blockers may be used instead of ACE 
inhibitors if patients are already taking them for other reasons

Add hydralazine plus a nitrate to patients with persistent symptoms
Implant cardioverter-defibrillator in patients with LVEF of 30–35% 

from any origin with NYHA Class II or III symptoms on optimal 
medical therapy with a life expectancy of >1 year

Digoxin can be used in patients with persistent symptoms to reduce 
hospitalization for heart failure

Source: Adapted from Hunt et al. [94]
ACE angiotensin converting enzyme, LVEF left ventricular ejection 
fraction, NYHA New York Heart Association

Table  50.6  Therapy of patients with heart failure and normal left 
ventricular ejection fraction

Treat underlying and precipitating causes of heart failure
Avoid use of inappropriate drugs such as nonsteroidal anti-inflamma-

tory drugs
Treat hypertension, especially systolic hypertension, hyperlipidemia, 

myocardial ischemia, and anemia
Treat with cautious use of diuretics
Treat with b-blockers
Treat with angiotensin-converting enzyme (ACE) inhibitor or 

angiotensin receptor blocker if patient cannot tolerate ACE 
inhibitor because of cough, angioneurotic edema, rash, or altered 
taste sensation

Add isosorbide dinitrate plus hydralazine if heart failure persists
Avoid digoxin if sinus rhythm is present
Exercise training as an adjunctive approach to improve clinical status 

in ambulatory patients
Source: Data from Hunt et al. [94]
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Aortic Valve Disease

Valvular aortic stenosis in old persons is usually due to stiff-
ening, scarring, and calcification of aortic valve leaflets. 
Calcific deposits in the aortic valve are common and may lead 
to valvular aortic stenosis [22, 135–137]. Calcific deposits in 
the aortic valve were present in 22 of 40 necropsied patients 
(55%) aged 90–103 years [136]. Aortic cuspal calcium was 
present in 295 of 752 men (36%), mean age 80 years, and in 
672 of 1,663 women (40%), mean age 82 years [137].

Calcific valvular aortic stenosis was present at autopsy in 
18% of 366 octogenarians [138]. Valvular aortic stenosis 
was diagnosed by continuous-wave Doppler echocardiogra-
phy in 463 of 2,805 old persons (17%) with a mean age 
81 years [76]. Severe aortic stenosis was present in 2% of 
these 2,805 old persons [76]. Severe aortic stenosis was also 
diagnosed in 3% of 501 persons aged 75–86  years in the 
Helsinki Ageing Study [139].

Aortic valve calcium, mitral annular calcium, and coro-
nary artery disease in older persons have similar predispos-
ing factors for atherosclerosis [137, 139–145]. Older patients 
with extracranial carotid arterial disease [140] and with 
peripheral arterial disease [141] have an increased preva-
lence of aortic stenosis. Older patients with aortic stenosis 
[146–148] and with valvular aortic sclerosis [148, 149] have 
an increased incidence of new coronary events.

The prevalence of aortic regurgitation also increases with 
age [22, 150, 151]. Aortic regurgitation was diagnosed by 
pulsed Doppler recordings of the aortic valve in 526 of 1,797 
old persons (29%) with a mean age of 81 years [76]. Severe 
or moderate aortic regurgitation was diagnosed by pulsed 
Doppler recordings of the aortic valve in 74 of 450 old 
patients with a mean age of 82 years [152]. Margonato et al. 

[150] linked the increased prevalence of aortic regurgitation 
with age to aortic valve thickening.

Mitral Valvular Disease

Two degenerative aging processes – mitral annular calcifica-
tion and mucoid (or myxomatous) degeneration of the mitral 
valve leaflets and chordae tendineae – can cause significant 
mitral valvular dysfunction [153–155]. Mitral annular calcifi-
cation was diagnosed by two-dimensional echocardiography in 
36% of 924 elderly men and in 52% of 1,881 elderly women, 
mean age 81 years [76]. Mitral annular calcium was present in 
11 of 57 persons (19%) 62–70 years of age, in 53 of 158 per-
sons (34%) 71–80 years of age, in 190 of 301 persons (63%) 
81–90 years of age, in 75 of 85 persons (88%) 91–100 years of 
age, and in 3 of 3 persons (100%) 101–103 years of age [156].

Breakdown of lipid deposits on the ventricular surface of 
the posterior mitral leaflet at or below the mitral annulus and 
on the aortic surfaces of the aortic valve cusps is probably 
responsible for the calcification [157]. Elderly men and 
women with mitral annular calcium have a higher prevalence 
of CAD [158–160], of peripheral arterial disease [160, 161], 
of extracranial carotid arterial disease [160, 162, 163], and of 
aortic atherosclerotic disease [160] than elderly men and 
women without mitral annular calcium.

Conduction Defects

The increased prevalence of conduction defects in old per-
sons is due to age-related degeneration of the conduction 
system and to the development of cardiovascular disease. 

Table 50.7  Prevalence of cardiovascular disorders in older persons in a long-term health-care facility

Cardiovascular disorder Mean age (years)

Prevalence

Number %

Coronary artery disease [76] 81 1,521/3,624 42
Thromboembolic stroke [76] 81 1,131/3,624 31
Peripheral arterial disease [76] 81 1,011/3,624 28
40–100% Extracranial carotid arterial disease [133] 81 281/1,846 19
Congestive heart failure [76] 81 978/3,624 27
Hypertension [76] 81 2,136/3,624 59
Aortic stenosis [134] 81 463/2,805 17
Mitral annular calcium [134] 81 1,321/2,805 47
³1+Mitral regurgitation [134] 81 928/2,805 33
³1+Aortic regurgitation [134] 81 824/2,805 29
Rheumatic mitral stenosis [134] 81 37/2,805   1
Hypertrophic cardiomyopathy [134] 81 108/2,805   4
Idiopathic dilated cardiomyopathy [134] 81 29/2,805   1
Atrial fibrillation [76] 81 495/3,624 14
Pacemaker rhythm [76] 81 186/3,624   5
Abnormal left ventricular ejection fraction [134] 81 687/2,805 24
Left ventricular hypertrophy [134] 81 1,224/2,805 44
Left atrial enlargement [134] 81 987/2,805 35
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Aging is associated with regional conduction slowing, 
anatomically determined conduction delay at the crista, and 
structural changes including areas of low voltage [164]. 
Impairment of sinus node function and an increase in atrial 
refractoriness occur with aging, predisposing to atrial fibrilla-
tion [164]. Table  50.8 lists the prevalence of conduction 
defects in 1,153 old persons, mean age 82 years [165]. At a 
45-month follow-up, old persons with second-degree atrio-
ventricular block, left bundle branch block, intraventricular 
conduction defect, and pacer rhythm had an increased inci-
dence of new coronary events [165]. At the 45-month follow-
up, old persons with first-degree atrioventricular block, left 
anterior fascicular block, or right bundle branch block did not 
have an increased incidence of new coronary events [165].

Conclusions

Cardiovascular function in elderly persons is significantly 
affected by the aging process itself and by those acquired 
diseases of the cardiovascular system that are more prevalent 
with age. These physiologic and pathologic changes of the 
aging cardiovascular system must be taken into consider-
ation during the clinical assessment and management of 
elderly patients who need to undergo surgical procedures 
and general anesthesia.
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Coronary artery disease (CAD), peripheral arterial disease 
(PAD), atherothrombotic brain infarction (ABI), and extracra-
nial carotid arterial disease (ECAD) are more common in old 
individuals than in middle-aged ones. CAD is the leading 
cause of death in old persons, especially those with PAD, 
ABI, or ECAD. This chapter discusses risk factors for CAD, 
PAD, ABI, and ECAD in old persons.

Cigarette Smoking

Coronary Artery Disease

The Chicago Stroke Study demonstrated that current ciga-
rette smokers, age 65–74, had a 52% higher mortality from 
CAD than nonsmokers, ex-smokers, and pipe and cigar 
smokers [1]. Ex-smokers who had stopped smoking for 1–5 
years had similar mortality from CAD as nonsmokers. The 
Systolic Hypertension in the Elderly Program pilot project 
found that smoking was a predictor of a first cardiovascular 
event and myocardial infarction (MI)/sudden death [2]. 
During a 30-year follow-up of subjects 65 years of age and 
older in the Framingham Heart Study, cigarette smoking was 
not associated with the incidence of CAD but was associated 
with mortality from CAD [3].

During a 12-year follow-up of men aged 65–74 in the 
Honolulu Heart Program, cigarette smoking was an indepen-
dent risk factor for nonfatal MI and fatal CAD [4]. The abso-
lute excess risk associated with cigarette smoking was 1.9 
times higher in old men than in middle-aged men. At 5-year 
follow-up of old subjects (age ³ 65) in three communities, 
cigarette smokers were shown to have a higher incidence of 
cardiovascular mortality than nonsmokers [5]. The relative 
risk for cardiovascular mortality was 2.0 in male smokers 

and 1.6 in female smokers. The incidence of cardiovascular 
death in former smokers was similar to those who had never 
smoked [5].

At 40-month follow-up of 664 old men (mean age 80 
years) and 48-month follow-up of 1,488 old women (mean 
age 82 years), cigarette smoking was demonstrated by multi-
variate analysis to increase the relative risk of new coronary 
events 2.2 and 2.0 times, respectively (Table 51.1) [6]. During 
a 42-month mean follow-up of 410 old Blacks and Whites 
with hypertension (mean age 81), the odds ratio for develop-
ing new coronary events was 2.0 in cigarette smokers [7]. It 
has also been observed that cigarette smoking aggravates 
angina pectoris and precipitates silent myocardial ischemia 
in old persons with CAD.

In the Coronary Artery Surgery Study (CASS) Registry, 
subjects over the age of 65 who continued smoking had an 
increased risk of developing MI or sudden death compared 
with those who stopped smoking during the year before 
enrolling in the study [8]. Furthermore, increasing age did 
not decrease the beneficial effects of smoking cessation.

In the Bronx Longitudinal Aging Study (BAS), whose 
cohort consisted of subjects 75–85 years of age at study 
onset, 10% of the cohort were smoking at study onset, and 
46% reported having smoked in the past [8]. In the various 
BAS multivariate analyses, cigarette smoking history was 
shown to be an independent predictor of both cardiovascular 
morbidity and mortality and the development of MI.

Peripheral Arterial Disease

Numerous studies have shown that cigarette smoking is a risk 
factor for PAD in men and women [9–17]. In a study of 1,911 
old subjects (mean age 81 years), current cigarette smoking 
was shown to increase the prevalence of symptomatic PAD 
2.6 and 4.6 times in old men and women, respectively 
(Table 51.1) [9]. At 43-month follow-up of 291 old subjects 
(mean age 82 years) with PAD, multivariate analysis demon-
strated that cigarette smoking was an independent predictor 
of new coronary events, with a relative risk of 1.6 [18].
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Atherothrombotic Brain Infarction

A meta-analysis of 32 studies showed that cigarette smoking 
is a risk factor for ABI in men and women and carries a rela-
tive risk of 1.9 [19]. In the Medical Research Council (MRC) 
Trial, the incidence of strokes was 2.3 times higher in smok-
ers than in nonsmokers [20]. Moreover, nonsmokers who 
received propranolol as antihypertensive therapy had a reduc-
tion in the incidence of stroke that cigarette smokers did not 
have. In the Framingham Heart Study, during a 26-year fol-
low-up, cigarette smoking increased the incidence of new 
ABI 1.6 and 1.9 times in men and women, respectively [21]. 
Furthermore, the incidence of stroke in smokers who used 
>40 cigarettes daily was twice as high as in those who used 
<10 cigarettes daily. The impact of cigarette smoking did not 
diminish with increasing age. The risk of stroke was substan-
tially decreased within 2 years of quitting smoking, with the 
incidence of stroke returning to the level of nonsmokers 5 
years after smoking cessation. Although elderly individuals 
who quit smoking have higher cerebral perfusion levels than 
old persons who continue to smoke, their cerebral perfusion 
levels are lower than those who have never smoked [22].

At 42-month follow-up of 664 old men (mean age 80) and 
48-month follow-up of 1,488 old women (mean age 82), 
cigarette smoking was demonstrated by multivariate analysis 
to increase the relative risk for ABI 1.5 and 1.9 times in men 
and women, respectively (Table 51.1) [23].

Extracranial Carotid Arterial Disease

Numerous studies have demonstrated that cigarette smoking 
is a strong risk factor for ECAD [24–29]. In a study of 1,063 
old subjects (mean age 81 years), cigarette smoking was 
found by multivariate analysis to increase the prevalence of 
40–100% ECAD 4.2 times (Table 51.1) [24].

On the basis of the available data, old men and women who 
smoke should be strongly encouraged to stop. In these indi-
viduals, cigarette smoking is a risk factor for CAD, PAD, ABI, 

and ECAD, as well as for other disorders including pulmonary 
disease and lung cancer. Smoking cessation should reduce 
mortality due to CAD, stroke, and other cardiovascular dis-
eases and all-cause mortality in elderly persons.

Approaches to smoking cessation include the use of nico-
tine patches or nicotine polacrilex gum, which are available 
over the counter [30]. If this therapy is unsuccessful, nicotine 
nasal spray or treatment with the antidepressant buproprion 
and/or varenicline should be considered [30–32]. A nicotine 
inhaler may also be used [32]. The dosage and duration of 
treatment of each of these pharmacotherapies are discussed 
in detail elsewhere [32]. Concomitant behavioral therapy 
may also be needed [33]. Repeated physician advice is very 
important in the treatment of smoking addiction.

Hypertension

Coronary Artery Disease

Increased peripheral vascular resistance is the cause of sys-
tolic and diastolic hypertension in old persons. Systolic 
hypertension is diagnosed if the systolic blood pressure is 
140 mmHg or higher on three occasions, and diastolic hyper-
tension is diagnosed if the diastolic blood pressure is 
90 mmHg or higher on three occasions [34]. Isolated systolic 
hypertension is diagnosed when the systolic blood pressure 
is 140 mmHg or higher on three occasions but diastolic blood 
pressure is normal [34].

In 1,414 old subjects (mean age 82 years), the prevalence of 
systolic or diastolic hypertension was higher in Blacks than in 
Hispanics or Whites [35]. In a study of 1,051 old individuals 
with hypertension, isolated systolic hypertension occurred in 
two-thirds of the persons [36]. Although both diastolic and iso-
lated systolic hypertension are associated with increased car-
diovascular morbidity and mortality in old individuals, 
increased systolic blood pressure is the greater risk factor [37].

The higher the systolic or diastolic blood pressure, the 
greater the morbidity/mortality from CAD in old men and 

Table 51.1  Association of cigarette smoking with new coronary events, peripheral arterial disease, new atherothrombotic brain infarction, and 
extracranial carotid arterial disease in elderly men and women

Study

Elderly men Elderly women

No. of patients
Mean follow-up 
(months) Relative risk No. of patients

Mean follow-up 
(months) Relative risk

Incidence of new coronary events [6] 664 40 2.2 1,488 48 2.0
Prevalence of PAD [9] 467 – 2.6 1,444 – 4.6
Incidence of new ABI [23] 664 42 1.5 1,488 48 1.9
Prevalence of 40–100% ECAD in  

1,063 men and women [24]
4.0

PAD peripheral arterial disease, ABI atherothrombotic brain infarction, ECAD extracranial carotid arterial disease
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women. During a 30-year follow-up of subjects 65 years and 
older in the Framingham Heart Study, systolic hypertension 
correlated with the incidence of CAD in men and women [3]. 
Diastolic hypertension correlated with CAD in old men but 
not in old women. At 40-month follow-up of 664 old men 
and 48-month follow-up of 1,488 old women, systolic or dia-
stolic hypertension was demonstrated by multivariate analy-
sis to increase the relative risk of new coronary events 2.0 
and 1.6 times, respectively (Table 51.2) [6].

In the BAS [38], no relation was found between hyperten-
sion and the development of fatal MI, but a relation did exist 
for the development of clinically unrecognized MI, especially 
among hypertensives not on medication. Antihypertensive 
drugs have been shown to reduce new coronary events in the 
elderly hypertensive population [39–44]. The Joint National 
Committee on Detection, Evaluation, and Treatment of High 
Blood Pressure recommends diuretics or b-blockers as initial 
drug therapy because these drugs have been demonstrated to 
reduce cardiovascular morbidity and mortality in controlled 
clinical trials [35]. The particular antihypertensive agent 
selected as monotherapy should depend on the associated 
medical conditions. For example, old individuals with hyper-
tension who have had an MI or who have angina pectoris, 
myocardial ischemia, or complex ventricular arrhythmias 
should be treated initially with a b-blocker [44]. Old hyper-
tensive persons with congestive heart failure associated with 
abnormal or normal left ventricular ejection fraction should 
receive a diuretic, an angiotensin-converting enzyme (ACE) 
inhibitor, and a b-blocker [45–53]. Old persons with hyper-
tension who have diabetes mellitus or left ventricular hyper-
trophy (LVH) should initially be treated with an ACE inhibitor 
[35, 54].

Old persons with hypertension and a prior MI should be 
treated with both b-blockers and ACE inhibitors [35, 55–58].

Peripheral Arterial Disease

Numerous studies have demonstrated that hypertension is a 
risk factor for PAD [10–12, 14–18]. In a study of 1,911 old 
persons (mean age 81 years), systolic or diastolic hypertension 

was observed to increase the prevalence of PAD 2.2 times in 
men and 2.8 times in women (Table 51.2) [10]. At 43-month 
follow-up of 291 old subjects with PAD (mean age 82), new 
coronary events developed in 165 patients (57%) [19].

Hypertension should be adequately controlled to decrease 
cardiovascular mortality and morbidity in persons with PAD. 
The blood pressure should be reduced to <140/90 mmHg and 
to <130/80  mmHg in patients with diabetes mellitus or 
chronic renal insufficiency, respectively [35, 55]. Among 
persons with PAD in the Appropriate Blood Pressure Control 
in Diabetes Trial, the incidence of cardiovascular events in 
persons treated with antihypertensive drug therapy with enal-
april or nisoldipine was 13.6% if the mean blood pressure 
was reduced to 128/75  mmHg versus 38.7% if the mean 
blood pressure was reduced to 137/81 mmHg [59].

Atherothrombotic Brain Infarction

Numerous studies have documented that both systolic and 
diastolic hypertension increase the incidence of stroke in old 
persons [24, 39–43, 60–62]. Indeed, the higher the systolic 
or diastolic blood pressure, the greater the incidence of 
stroke. During a 30-year follow-up of men and women of age 
65–94 years in the Framingham Heart Study, systolic blood 
pressure was the single risk factor most strongly correlated 
with ABI or transient cerebral ischemic attack [63]. At 
42-month follow-up of 664 old men and 48-month follow-up 
of 1,488 old women, systolic or diastolic hypertension was 
demonstrated by multivariate analysis to increase the relative 
risk of ABI 2.2 times in men and 2.4 times in women 
(Table 51.2) [24].

In the BAS, subjects with measured hypertension had a 
significantly increased incidence of stroke (1.9/100 person-
years) compared with that in controls (0.6/100 person-years) 
[9]. Previous studies have used a definition of hypertension as 
systolic blood pressure >160 mmHg, diastolic blood pressure 
>95 mmHg, or both to show an increased risk of stroke [24, 
39–43, 60–62]. The findings in the BAS extended the risk of 
stroke to this oldest-old age group; [9] and considering the 
strict study values used, it suggested that the risk exists even 

Table 51.2  Association of systolic or diastolic hypertension with new coronary events, peripheral arterial disease, and new atherothrombotic brain 
infarction in elderly men and women

Study

Elderly men Elderly women

No. of patients
Mean follow-up 
(months) Relative risk No. of patients

Mean follow-up 
(months) Relative risk

Incidence of new coronary 
events [6]

664 40 2.0 1,488 48 1.6

Prevalence of PAD [9] 467 – 2.2 1,444 – 2.8
Incidence of new ABI [23] 664 42 2.2 1,488 48 2.4
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at levels of blood pressure not previously uniformly consid-
ered to be elevated by others. The BAS also showed an asso-
ciation between blood pressure elevation and the risk of 
vascular dementia [9], suggesting that some dementias could 
be prevented by blood pressure lowering [64].

Antihypertensive drug therapy has been shown to reduce 
the incidence of new ABI in old individuals [39–43, 61]. A 
systolic blood pressure of 140–160  mmHg causes an 
increased risk for cardiovascular disease that is equivalent to 
a diastolic blood pressure of 95–105  mmHg [38]. 
Consequently, the clinician should consider the treatment of 
old persons with systolic blood pressures in this range. 
Although nonpharmacologic interventions are indicated 
[65], there are currently no data showing that drug therapy 
for systolic blood pressures of 140–160 mmHg reduces the 
incidence of stroke in old persons. Nevertheless, the pres-
ence of LVH, target organ damage, and other risk factors for 
stroke would cause the authors to treat these individuals with 
antihypertensive drug therapy [66, 67].

Extracranial Carotid Arterial Disease

Numerous studies have demonstrated by univariate analysis 
that hypertension is a risk factor for ECAD [25–27, 29, 68]. 
According to multivariate analysis, however, hypertension is 
a risk factor in some studies [26, 68] but not in others [25, 
26]. In a study of 1,283 old subjects (mean age 81), LVH was 
more prevalent in those with systolic or diastolic hyperten-
sion and ECAD than in those with systolic or diastolic hyper-
tension alone [69].

Left Ventricular Hypertrophy

Coronary Events

LVH caused by hypertension or other cardiovascular disease 
is not only a marker of but also a contributor to cardiovascu-
lar morbidity and mortality in the elderly population. Indeed, 
old persons with electrocardiographic (ECG) and echocar-
diographic evidence of LVH have an increased risk of devel-
oping new coronary events [7, 70–75].

During a 4-year follow-up of 406 old men and 735 old 
women in the Framingham Heart Study, echocardiographic 
LVH was 15.3 times more sensitive for predicting new coro-
nary events in men and 4.3 times more sensitive in women 
than ECG LVH [73]. The relative risk for new coronary 
events per 50 g/m increases in LV mass/height was 1.67 and 
1.60 for old men and women, respectively [73].

At a 37-month follow-up of 360 old subjects (mean age 
82 years) with hypertension or CAD, echocardiographic 
LVH was 4.3 times more sensitive for predicting new coro-
nary events than ECG LVH [71]. Multivariate analysis of 
472 old hypertensive subjects followed for 45 months showed 
that echocardiographic LVH was an independent risk factor 
for new coronary events, with a relative risk of 3.2 [75].

In the BAS a multivariate analysis showed that baseline 
ECG LVH is an independent predictor of MI and overall 
mortality. Those subjects who developed new LVH on ECG 
during follow-up had a 3.4 times higher total death rate and 
a 6.6-fold greater relative risk of cardiovascular death [9].

Atherothrombotic Brain Infarction

Elderly persons with ECG [7, 70–72] and echocardiographic 
[7, 71, 74–77] LVH have an increased risk of developing a 
new ABI. During an 8-year follow-up of 447 old men and 
783 old women in the Framingham Heart Study, the hazard 
ratio for new cerebrovascular events was 1.45 for each 
quartile increase in the LV mass/height ratio after adjust-
ments were made for age, sex, and cardiovascular disease 
[76]. At the 37-month follow-up of 360 old persons with 
hypertension and CAD, echocardiographic LVH was 4.0 
times more sensitive for predicting a new ABI than ECG 
LVH [71]. Multivariate analysis of 472 old subjects with 
hypertension followed for 45 months revealed that echocar-
diographic LVH was an independent risk factor for a new 
ABI, with a relative risk of 2.9 [75]. Among 1,482 old per-
sons (mean age 82 years) followed for 45 months, multivari-
ate analysis also showed that echocardiographic LVH was 
an independent risk factor for a new ABI, with a risk ratio of 
2.3 [77].

Physicians should try to prevent LVH from developing or 
progressing in persons with hypertension or other cardiovas-
cular disease. The effect of various antihypertensive drugs on 
reducing LV mass is discussed elsewhere [78, 79]. A meta-
analysis of 109 treatment studies showed that ACE inhibitors 
are more effective than other antihypertensive drugs in 
decreasing LV mass [79].

Reduction of LV mass with antihypertensive agents does 
not cause deterioration of LV systolic function and may 
improve LV diastolic function. Data from the Framingham 
Heart Study have shown a decrease of cardiovascular events 
in patients with the regression of LVH [80]. In patients with 
uncomplicated hypertension followed for 10.2 years, the 
Cornell group found that the development of LVH increases 
and the regression of LVH decreases the incidence of new 
cardiovascular events [81]. Regression of ECG LVH by anti-
hypertensive treatment was associated with a 30% signifi-
cant reduction in sudden cardiac death independently of 
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treatment modality, blood pressure reduction, prevalent 
CAD, and other cardiovascular risk factors in hypertensive 
patients with LVH [82]. In addition, the BAS demonstrated 
that old subjects who developed new ECG LVH had a higher 
incidence of cardiovascular morbidity and mortality than old 
persons without ECG LVH [72] based on a 10-year follow-
up. Old persons in whom the ECG pattern of LVH disap-
peared over time had a lower incidence of cardiovascular 
morbidity and mortality than old persons with persistent 
LVH [72].

Dyslipidemia

Serum Total Cholesterol and Coronary  
Artery Disease

Serum total cholesterol was an independent risk factor for 
CAD in old men and women in the Framingham Heart Study 
[83]. Among subjects with prior MI in this study, serum total 
cholesterol was most strongly related to death from CAD 
and to all-cause mortality in persons of age ³65 years [84]. 
Many other studies have demonstrated that a higher serum 
total cholesterol level is a risk factor for new coronary events 
in old men and women [2, 6, 85, 86].

During a 9-year follow-up of 350 men and women with a 
mean age of 79 years, the BAS demonstrated that a consis-
tently elevated low-density lipoprotein (LDL) cholesterol 
was associated with the development of MI in women [87]. 
In the Established Populations for Epidemiologic Studies of 
the Elderly study, serum total cholesterol was a risk factor 
for CAD-associated mortality in old women but not in old 
men [88]. At 40-month follow-up of 664 old men and 
48-month follow-up of 1,488 old women, there was a 1.12 
times higher probability of developing new coronary events 
in men and women for each 10 mg/dl increase in serum total 
cholesterol (Table 51.3) [6].

During a 5.4-year median follow-up of 1,021 old men and 
women with CAD and hypercholesterolemia in the 
Scandinavian Simvastatin Survival Study (4S), patients 
treated with simvastatin had a 34% reduction in mortality, a 
43% reduction in CAD mortality, a 34% reduction in major 
coronary events, a 33% reduction in nonfatal MI, a 33% 
reduction in any acute CAD-related event, a 34% reduction 
in any atherosclerosis-related endpoint, and a 41% reduction 
in coronary revascularization [89]. The absolute risk reduc-
tion for both all-cause mortality and CAD mortality was 
approximately twice as great in older persons as in those 
younger than 65 years of age.

In the Cholesterol and Recurrent Events (CARE) Trial, 
4,159 men and women with MI, serum total cholesterol levels 

<240  mg/dl, and serum LDL cholesterol ³115  mg/dl were 
followed over a 5-year period [90]. The trial showed a 27% 
reduction in major coronary events in subjects 60–75 years of 
age who were randomized to pravastatin at study event; a 
20% reduction in major coronary events was observed in sub-
jects <60 years of age who were randomized to pravastatin. 
Furthermore, the reduction in coronary events was greater in 
women (46%) than in men (20%). On the basis of these data, 
old men and women with CAD and elevated total or LDL 
cholesterol should be treated with a statin drug.

At 6.1-year mean follow-up of 9,014 men and women 
(3,514 of whom were aged 65–75 years) with MI (64%) or 
unstable angina pectoris (36%) and serum total cholesterol 
levels of 155–271 mg/dl in the Long-Term Intervention With 
Pravastatin in Ischemic Disease Study (LIPID), compared 
with placebo, pravastatin 40 mg daily significantly reduced 
all-cause mortality by 22%, death from CAD by 24%, fatal 
and nonfatal MI by 29%, death from cardiovascular disease 
by 25%, need for coronary artery bypass surgery by 22%, 
need for coronary angioplasty by 19%, hospitalization for 
unstable angina pectoris by 12%, and stroke by 19% [91]. 
The absolute benefits of treatment with pravastatin were 
greater in groups of persons at higher absolute risk for a 
major coronary event such as older persons, those with a 
higher serum LDL-cholesterol level, those with a lower 
serum high-density lipoprotein (HDL)-cholesterol level, and 
those with a history of diabetes mellitus or smoking.

At 5-year follow-up of 20,536 British men and women 
(10,697 of whom were aged 65–80 years) with either CAD, 
occlusive arterial disease of non-coronary arteries, diabetes 
mellitus or treated hypertension and no serum lipid require-
ment in the Heart Protection Study, compared with placebo, 
simvastatin 40 mg daily significantly reduced all-cause mor-
tality by 13%, any vascular mortality by 17%, major coro-
nary events by 27%, any stroke by 25%, any revascularization 
procedure by 24%, and any major vascular event by 24% 
[92]. In the 1,263 persons aged 75–80 years at study entry 

Table 51.3  Association of abnormal serum lipids with new coronary 
events and with new atherothrombotic brain infarction in 664 old men 
and 1,488 old women

New coronary events
New antithrombotic 
brain infarction

Relative risk

Men Women Men Women

Serum total cholesterol 1.12a 1.12a NS 1.06a

Serum HDL cholesterol 1.70b 1.95b NS 1.14b

Serum triglycerides NS 1.02c NS NS
HDL high-density lipoprotein, NS nonsignificant
Source: Adapted from Aronow et  al. [6, 23], with permission from 
Elsevier
aFor an increment of 10 mg/dl of serum total cholesterol
bFor a decrement of 10 mg/dl of serum HDL cholesterol
cFor an increment of 10 mg/dl of serum triglycerides
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and 80–85 years at follow-up, any major vascular event was 
significantly reduced 28% by simvastatin. Lowering serum 
LDL cholesterol from <116 to <77  mg/dl by simvastatin 
caused a 25% significant reduction in vascular events.

In the Heart Protection Study, 3,500 persons had initial 
serum LDL-cholesterol levels <100 mg/dl [92]. Decrease of 
serum LDL cholesterol from 97 to 65 mg/dl by simvastatin in 
these persons caused a similar decrease in risk as did treating 
patients with higher serum LDL-cholesterol levels. The Heart 
Protection Study Investigators recommended treating persons 
at high risk for cardiovascular events with statins, regardless 
of the initial levels of serum lipids, age, or gender [92].

On the basis of these data and other data [92–96], the 
American College of Cardiology/American Heart Association 
(ACC/AHA) guidelines [55] and the updated National 
Cholesterol Education Program III guidelines [97] state that in 
very high-risk persons, targeting a serum LDL-cholesterol level 
of <70 mg/dl is a reasonable clinical strategy. When a high-risk 
person has hypertriglyceridemia or low HDL cholesterol, con-
sideration can be given to combining a fibrate or nicotinic acid 
with an LDL cholesterol-lowering drug [55, 97].

Serum HDL Cholesterol and Coronary  
Artery Disease

A low level of serum HDL cholesterol is a risk factor for new 
coronary events in old men and women [2, 6, 83, 87, 88, 98, 
99]. In the Framingham Heart Study [83] and in the 
Established Populations for Epidemiologic Studies of the 
Elderly study [88], a low serum HDL was a more powerful 
predictor of new coronary events than was the total 
cholesterol.

During a 9-year follow-up of 350 men and women in the 
BAS, a consistently low HDL-cholesterol level was indepen-
dently associated with the development of MI, cardiovascu-
lar disease, or death in men [87]. At a 40-month follow-up of 
664 old men and 48-month follow-up of 1,488 old women, 
multivariate analysis showed that there was a 1.7 times higher 
probability of developing new coronary events in men and 
1.95 times higher probability in women for each 10 mg/dl 
decrement in serum HDL cholesterol (Table 51.3) [6].

Serum Triglycerides and Coronary  
Artery Disease

High-serum triglycerides have been reported to be a risk fac-
tor for new coronary events in old women but not in old men 
[6, 83]. At a 40-month follow-up of 664 old men and 48-month 
follow-up of 1,488 old women, multivariate analysis showed 

that serum triglyceride levels were not a risk factor for new 
coronary events in the men and were a weak risk factor in the 
women (Table 51.3) [6].

Serum Lipids and Peripheral Arterial Disease

Some studies have shown an association between increased 
serum total cholesterol and PAD [10, 11, 14–18, 100, 101] 
but other studies have not [102]. A low serum HDL-
cholesterol level, however, has been shown to be associated 
with PAD [10, 11, 14–18, 100, 101]. In a study of 559 old 
men and 1,275 old women (mean age 81 years), an inverse 
association was found between serum HDL cholesterol and 
PAD [101]. Multivariate analysis demonstrated a 1.24 times 
higher probability of having PAD for each 10 mg/dl decre-
ment of serum HDL cholesterol.

Increased serum triglycerides have been associated with 
PAD in some studies [13, 14] but not in others [10, 11, 100, 
101]. In a study of 559 old men and 1,275 old women, serum 
triglycerides were associated with PAD in both men and 
women according to univariate analysis but not according to 
multivariate analysis [101].

Treatment of hypercholesterolemia with statins has been 
demonstrated to reduce the incidence of cardiovascular 
events and mortality in older persons with PAD [92, 103]. 
Three double-blind, randomized, placebo-controlled studies 
have also demonstrated that statins improve walking perfor-
mance in persons with PAD [104–106].

Serum Lipids and Atherothrombotic Brain 
Infarction

The Framingham Study found that serum total and HDL-
cholesterol levels were not associated with new ABIs in old 
men or women [107]. However, the serum total cholesterol 
HDL-cholesterol ratio was associated with new ABIs in the 
women but not in the men. Very low-density lipoprotein 
(VLDL) levels were not associated with new ABIs in older 
men or women [107].

The Multiple Risk Factor Intervention Trial revealed an 
association between serum total cholesterol and death from 
nonhemorrhagic stroke in men [108]. Bihari-Varga et  al. 
[109] demonstrated an inverse relation between serum HDL 
cholesterol and ABIs in men and women. At 42-month fol-
low-up of 664 old men and 48-month follow-up of 1,488 
older women, multivariate analysis showed no association 
between serum lipids and new ABIs in the men. There was 
an association between serum total cholesterol and an inverse 
association between HDL cholesterol and new ABIs in the 
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women (Table 51.3) [24]. In this population, there was a 1.06 
times higher probability of developing a new ABI for each 
10  mg/dl increment in serum total cholesterol. Likewise, 
there was a 1.14 times higher probability of developing a 
new ABI for each 10  mg/dl decrement in serum HDL 
cholesterol.

In the Scandinavian Simvastatin Survival Study, patients 
treated with simvastatin had a 27% reduction in new ABIs 
[89]. In the Cholesterol and Recurrent Events Trial, patients 
treated with pravastatin had a 31% reduction in new ABIs 
[90]. A meta-analysis of four primary prevention trials and 
eight secondary prevention trials of CAD that used simvasta-
tin, pravastatin, or lovastatin to reduce serum total choles-
terol levels demonstrated a 27% reduction in new ABIs 
[110]. Many other studies reported since then have also dem-
onstrated a significant reduction in ischemic stroke in patients 
treated with statins [91, 92, 111–114].

At 3-year follow-up of 1,410 patients, mean age 81 years, 
with prior MI and a serum LDL cholesterol of 125 mg/dl or 
higher, use of statins significantly reduced stroke by 60% 
[112]. Decreasing serum LDL cholesterol to less than 90 mg/
dl was associated with a 7% incidence of new stroke, whereas 
decreasing serum LDL cholesterol to 90–99 mg/dl was asso-
ciated with a 16% incidence of new stroke. The lower the 
serum LDL cholesterol in elderly persons treated with statins, 
the greater was the reduction in new stroke [112] and in new 
coronary events [95]. In 4,731 patients, mean age 63 years, 
with stroke or transient ischemic attack, reduction of serum 
LDL cholesterol at least 50% by atorvastatin caused a signifi-
cant reduction in stroke of 31% and in major coronary events 
of 37% at 4.9-year follow-up [114]. These data support the 
use of statins to reduce elevated serum total and LDL-
cholesterol levels in old men and women to prevent new 
thrombotic and/or embolic strokes and new coronary events.

A meta-analysis by our group has shown an increased risk 
of cerebral hemorrhage in patients receiving statins com-
pared with those individuals not receiving statins. The mech-
anism for this finding is not known, and the data would 
suggest that patients with a history of cerebral hemorrhage or 
those individuals with a cerebral hemorrhage on a statin did 
not receive this therapy for cholesterol lowering [115].

Serum Lipids and Extracranial Carotid  
Arterial Disease

Elevated serum total cholesterol [25, 116, 117] and decreased 
serum HDL cholesterol [25, 27, 29, 32, 116, 117] are risk fac-
tors for ECAD. In 1,189 persons of age 66–93 years in the 
Framingham study, there was a strong association between the 
severity of ECAD and the serum total cholesterol, as measured 
8 years before the carotid studies [116]. In women, but not in 
men, there was a strong inverse association between the sever-
ity of ECAD and the serum HDL cholesterol level measured 8 
years before the carotid studies and concurrently [116].

In a study of 1,063 old persons, increased total cholesterol 
and decreased HDL cholesterol, but not serum triglycerides, 
were found to be risk factors for ECAD [25]. There was a 
1.17 times higher probability of having 40–100% ECAD for 
each 10  mg/dl increment of serum total cholesterol and a 
1.66 times higher probability of having 40–100% ECAD for 
each 10 mg/dl decrement of serum HDL cholesterol. Many 
studies have demonstrated the beneficial effects of lipid-
lowering drug therapy on carotid atherosclerosis and on 
coronary events [118–121]. At 21-month follow-up of 449 
patients with severe carotid arterial disease who did not 
undergo revascularization, use of statins caused a 87% sig-
nificant reduction in the incidence of new stroke or new MI 
or death [121].

Diabetes Mellitus

Coronary Artery Disease

Diabetes mellitus is a risk factor for new coronary events in 
old men and women [6, 122]. At a 40-month follow-up of 664 
old men and 48-month follow-up of 1,488 old women, diabe-
tes mellitus was shown by multivariate analysis to increase 
the relative risk of new coronary events 1.9 and 1.8 times in 
men and women, respectively (Table 51.4) [6]. In the BAS 
diabetes mellitus, by history or a fasting blood glucose level 

Table 51.4  Association of diabetes mellitus with new coronary events, peripheral arterial disease, new atherothrombotic brain infarction, and new 
extracranial carotid arterial disease in old men and women

Study

Older men Older women

No. of patients
Mean follow-up 
(months) Relative risk No. of patients

Mean follow-up 
(months) Relative risk

Incidence of new coronary events [6] 664 40 1.9 1,488 48 1.8
Prevalence of PAD [9] 467 – 2.4 1,444 – 3.0
Incidence of new ABI [23] 664 42 1.5 1,488 48 1.5
Prevalence of 40–100% ECAD in 

1,063 men and women [24]
1.7

PAD peripheral arterial disease, ABI atherothrombotic brain infarction, ECAD extracranial carotid arterial disease
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of >140  mg/dl was associated with an increased incidence 
risk of all-cause mortality and cardiovascular disease [9].

Diabetic patients are more often obese and have higher 
serum LDL- and VLDL-cholesterol levels and lower serum 
HDL-cholesterol levels than do nondiabetics. Diabetics also 
have a higher prevalence of hypertension and LVH. These 
risk factors contribute to their higher incidence of new coro-
nary events and new ABIs and the higher prevalence of PAD 
and ECAD. The drug of choice for treating hypertension in 
diabetics is an ACE inhibitor or angiotensin receptor blocker 
[35, 54]. The blood pressure should be lowered to 
<130/80  mmHg. The serum LDL cholesterol should be 
reduced to <70 mg/dl by a statin in diabetics [55, 97].

Diabetics with microalbuminuria have more severe angio-
graphic CAD than diabetics without microalbuminuria [123]. 
Diabetics also have a significant increasing trend of hemoglo-
bin A

1c
 levels over the increasing number of vessels with CAD 

[124]. Diabetics have a higher prevalence of unrecognized MI 
and a higher prevalence of silent myocardial ischemia without 
a history of angina pectoris than nondiabetics [125]. The 
hemoglobin A

1c
 level should be reduced to <7% in patients 

with diabetes mellitus [55].

Peripheral Arterial Disease

Diabetes mellitus is a risk factor for PAD in men and women 
[10–18]. In a study of 467 old men and 1,444 old women, 
diabetes mellitus was found to increase the prevalence of 
PAD 2.4 times in men and 3.0 times in women (Table 51.4) 
[10]. The higher the hemoglobin A

1c
 levels in diabetics with 

PAD, the higher the prevalence of severe PAD [126].

Atherothrombotic Brain Infarction

Diabetes mellitus is a risk factor for new ABIs in old men 
and women [23, 107, 127]. At a 42-month follow-up of 664 
old men and a 48-month follow-up of 1,488 old women, dia-
betes was found by multivariate analysis to increase the rela-
tive risk for new ABIs 1.5 times in both men and women 
(Table 51.4) [24].

Extracranial Carotid Arterial Disease

Some studies [25, 128] have shown an association between 
diabetes mellitus and ECAD, whereas other studies [27] have 
not. In a study of 1,063 old men and women, diabetes mel-
litus was demonstrated by multivariate analysis to increase 
the prevalence of 40–100% ECAD 1.7 times [25].

Obesity

In the Framingham Heart Study, obesity was demonstrated 
to be a risk factor for new coronary events in old men and 
women [122]. A disproportionate distribution of fat to the 
abdomen, as assessed by the waist/hip circumference ratio, 
has also been shown to be a risk factor for cardiovascular 
disease, mortality due to CAD, and total mortality [129, 
130]. At a 40-month follow-up of 664 old men and a 
48-month follow-up of 1,488 old women, obesity was shown 
to be a risk factor for new coronary events in both men and 
women by univariate but not multivariate analysis [6].

In the BAS, body surface area was also not predictive. 
There were no subjects with major obesity problems [9]. In 
elderly subjects, maintenance of weight and appetite is a sign 
of health. Indeed, when old subjects lose weight and have 
reductions in their cholesterol, it may signify starvation, an 
occult malignancy, or a major cognitive problem.

The Framingham Heart Study showed that relative weight, 
according to Metropolitan Life Insurance criteria, was not 
associated with intermittent claudication in women but was 
inversely associated with intermittent claudication in men 
[63]. In a study of 244 old men and 625 old women, obesity 
did not significantly increase the prevalence of PAD in the 
men, but it did increase the prevalence of PAD 1.8 times in 
the women [11].

The Framingham Heart Study showed that relative weight 
was not a risk factor for new ABIs in old men but was a weak 
risk factor in old women [107]. Barrett-Connor and Khaw 
[127] observed no association between body mass index and 
new ABIs in old men and women. At a 42-month follow-up 
of 664 old men, obesity was not a risk factor for new ABIs 
[24]. At a 48-month follow-up of 1,488 old women, obesity 
was a risk factor for new ABIs by univariate analysis but not 
multivariate analysis [24]. Obesity is not a risk factor for 
ECAD [23, 27].

Physical Inactivity

Physical inactivity is associated with obesity, hypertension, 
dyslipidemia, and hyperglycemia. Paffenbarger et al. [131] 
found that individuals of age 65–79 years with a physical 
activity index >2,000 kcal/week have a better survival rate 
than those with an index <2,000 kcal/week. Wenger [132] 
discussed physiologic bases for the decrease in habitual 
physical activity with age and noted studies suggesting that 
physical activity is beneficial in preventing CAD. The rela-
tion of physical inactivity to ABI is unclear [107, 133].

Moderate exercise programs suitable for old persons 
include walking, climbing stairs, swimming, and bicycling. 
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Exercise training programs are not only beneficial for pre-
venting CAD [132], but have also been demonstrated to 
improve endurance and functional capacity in old men with 
CAD [134].

Age

The incidence of new coronary events increases with age in 
old men and women [6, 122]. The incidence of PAD [10, 63] 
and ABI [24, 107] also increased with age. In the BAS, age 
was the strongest independent predictor of total mortality, 
cardiovascular mortality, MI, stroke, and dementia [9].

Gender

At a 46-month follow-up of 1,160 old men (mean age 80 
years) and of 2,464 old women (mean age 81 years), the inci-
dence of new coronary events was not significantly different 
in the men (46%) and the women (44%) (Table 51.5) [135]. 
The prevalence of PAD in the old men (32%) was higher than 
in the old women (26%) (p = 0.0001) (Table 51.5). The inci-
dence of new thromboembolic stroke was not significantly 
different between the men (23%) than in the women (21%) 
(Table 51.5) [135]. The prevalence of 40–100% ECAD was 
not significantly different for 435 old men (18%) and 1,057 
old women (15%) with a mean age of 82 years. In the BAS, 
the incidence of MI was higher in women than in men [9].

Race

Black men are 2.5 times more likely to die of stroke than 
white men, and black women are 2.4 times more likely to die 
of stroke than white women [136]. Table  51.6 shows the 

prevalence of CAD, PAD, and ABI in 268 elderly Blacks 
(mean age 81), 71 elderly Hispanics (mean age 81), and 
1,310 elderly Whites (mean age 82) [137]. The prevalence of 
CAD was not significantly different among the Blacks, 
Hispanics, and Whites. However, the prevalence of PAD was 
significantly higher in the Blacks than in Whites. Likewise, 
the prevalence of ABI was significantly higher in the Blacks 
than in either Hispanics or Whites.

Prior Coronary Artery Disease, Peripheral 
Arterial Disease, and Atherothrombotic Brain 
Infarction

At a 40-month follow-up of 664 old men and a 48-month 
follow-up of 1,488 old women, prior CAD was shown by 
multivariate analysis to increase the relative risk of new 
coronary events 1.7 times in men and 1.9 times in women 
[6]. At a 43-month follow-up of 291 old persons (mean age 
82) with PAD, prior CAD was shown to be an independent 
risk factor for new coronary events, with a relative risk of 
2.7 [19].

In the BAS, over an average range of 5–8 years of follow-
up, the incidences of cardiovascular disease and mortality in 
subjects with evidence of infarct at baseline were 8.8 and 5.9 
per 100 person-years versus 4.7 and 3.9 per 100 person-years 
in controls, respectively. The rates of development of unrec-
ognized MI (Q-wave) were 2.4 and 3.2 per 100 person-years, 
respectively, for recognized MI. The rate of development of 
either a recognized or unrecognized MI was three times more 
likely in those with a history of a prior infarct [9].

Old persons with prior ABI or transient cerebral ischemic 
attacks have a higher incidence of ABI [7, 24, 138]. At a 
42-month follow-up of 664 old men and a 48-month follow-
up of 1,488 old women, multivariate analysis showed that a 
prior ABI increased the relative risk of a new ABI 2.6 times 
in men and 2.9 times in women [24].

Table 51.5  Association of gender with incidence of new coronary events, prevalence of peripheral arterial disease, incidence of new thromboembolic 
stroke, and prevalence of 40–100% extracranial carotid arterial disease in old men and women

Study

Old men Old women

No. of patients
Mean follow-up 
(months)

Incidence or 
prevalence (%) No. of patients

Mean follow-up 
(months)

Incidence or  
prevalence (%)

Incidence of new coronary  
events [135]

1,160 46 46 2,464 46 44

Prevalence of peripheral arterial 
disease [135]

1,160 – 32* 2,464 – 26

Incidence of new thromboembolic 
stroke [135]

644 46 23 2,464 46 21

Prevalence of 40–100% ECAD [24] 435 – 18 1,057 – 15
ECAD extracranial carotid arterial disease
*p = 0.0001
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Coexistence of Coronary Artery Disease, 
Peripheral Arterial Disease,  
and Atherothrombotic Brain Infarction

Persons with PAD [15, 19, 139–143] or cerebrovascular dis-
ease [144–146] are at increased risk for developing new 
coronary events. The Framingham Heart Study demonstrated 
that the age-adjusted incidence of stroke was more than dou-
bled in patients with CAD [107]. In a study of 110 old per-
sons (mean age 82) with chronic atrial fibrillation, logistic 
regression analysis revealed that a prior MI was an indepen-
dent predictor of thromboembolic stroke, with an odds ratio 
of 4.8 [147].

Table 51.7 shows the prevalence of coexistence of CAD, 
PAD, and ABI in a study of 1,886 old persons (580 men and 
1,306 women) whose mean age was 81 years [148]. If CAD 
was present, 33% had coexistent PAD and 32% had coexis-
tent ABI. If PAD was present, 58% had coexistent CAD and 
34% had coexistent ABI. If ABI was present, 53% had coex-
istent CAD and 33% had coexistent PAD.

Table 51.8 shows the prevalence of coexistence of CAD, 
PAD, and ischemic stroke in a study of 1,802 old persons 
(474 men and 1,328 women) whose mean age was 80 years 
[149]. If CAD was present, 26% had coexistent PAD and 
32% had coexistent ischemic stroke. If PAD was present, 
68% had coexistent CAD and 42% had coexistent ischemic 
stroke. If ischemic stroke was present, 56% had coexistent 
CAD and 28% had coexistent PAD.

Conclusion

Many of the risk factors and markers for atherosclerosis 
complicated by CAD, cerebrovascular disease, and PAD 
seen during middle age continue to be operative in the elderly 
(Table 51.9) [9].
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As the elderly population steadily rises each year, so does 
the number of patients referred for cardiac surgical proce-
dures. The U.S. Census Bureau predicted that there would 
be approximately 7.4 million people over the age of 80 by 
2008, as compared to 6.2 million in 2000 [1]. Recent data 
reported that elderly patients over the age of 70 with no 
functional limitations could expect to live 14.3 years longer, 
compared with 11.6 years for those with limitation in at 
least one activity of daily living [2]. A formidable challenge 
facing cardiologists and cardiac surgeons is the appropriate 
treatment of the 40% of a growing elderly population that 
suffers from symptomatic cardiovascular disease [3]. The 
morbidity and mortality associated with cardiac surgical 
procedures in the elderly has substantially decreased since 
the late 1980s [4], although it is still higher than that of 
younger counterparts less than 70 years of age [5]. Reports 
of acceptable mortality rates and improved long-term quality 
of life justify cardiac operations in most symptomatic elderly 
patients. Only recently large studies have focused on risk 
analyses and outcomes in an effort to provide the clinician 
with as much evidence-based literature as possible to make 
the most appropriate decisions for many of these complex 
elderly patients.

Characteristics of the Elderly Cardiac  
Surgery Population

Despite the lack of consensus regarding the definition of 
“elderly,” the perioperative cardiac surgery mortality rates 
rise significantly in patients older than 75 years of age [6]. 
An individual older than age 80 has more than three times 
the risk of death after coronary artery bypass than does a 

similar 50-year-old patient [7]. The increased risks of death 
and major complications are due not only to the natural pro-
cesses of aging that result in associated comorbidities, but 
also to the fact that cardiovascular disease, the major cause 
of death and disability among elderly patients, is diagnosed 
at a more advanced state in this old population.

The aging process is influenced by a variety of genetic 
and environmental factors and occurs at somewhat differ-
ent rates in every individual. The older the patient, the 
more likely is the presence of multiple chronic noncardiac 
diseases, increased tissue fragility, and limited organ 
reserves for stressful events [7]. Postoperative complica-
tions such as pneumonia, renal failure, stroke, and demen-
tia are more prevalent and contribute significantly to 
perioperative morbidity and mortality. More than 50% of 
elderly individuals have at least one or more chronic medi-
cal conditions [8]. In addition to the routine preoperative 
assessment, other issues that must be evaluated include the 
degree of cognitive, neurologic, renal, respiratory, and 
immune impairment and the presence of other noncoro-
nary atherosclerosis. Approximately one in three patients 
older than age 80 has some degree of cognitive dysfunc-
tion [9], and it is important to establish a baseline level of 
performance prior to surgical intervention [10]. Tests with 
age-specific normative standards include the Wechsler 
Adult Intelligence Scale, the Controlled Oral Word 
Association, and the Multilingual Aphasia Examination 
[11]. Patients with previously compromised cognitive 
function are at highest risk for such postoperative compli-
cations as delirium and progressive cognitive dysfunction. 
Depression is a common problem in patients of all ages 
and has been reported to follow cardiac surgery. It is clearly 
more pronounced in the elderly patient who may live alone 
and have few social support systems.

By age 80, there is a 25% decrease in kidney mass and 
40% reduction in glomerular filtration rate (GFR) [10]. Due 
to the decrease in lean muscle mass, a decrease in GFR may 
not be reflected by an increase in serum creatinine concentra-
tion, and therefore a “normal” creatinine level in an octoge-
narian may be misleading. A more useful assessment of renal 
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function in the elderly patient is the age-related creatinine 
clearance (Ccr)

where normal is 75–125 ml/min. Renal function should be 
evaluated both before and after cardiac catheterization, and 
the amount of renally excreted dye used during angiography 
should be kept to an absolute minimum, employing nonionic 
contrast materials. The transient episodes of hypotension 
that inevitably occur during cardiopulmonary bypass may 
worsen any preexisting renal dysfunction; in this age group, 
perioperative renal insufficiency is a strong positive predic-
tor of postoperative mortality [6, 12–14].

Old patients have declining cellular immunity and are 
therefore more predisposed to developing invasive bacterial 
and viral infections [10]. In addition to the bacterial coloniza-
tion of the respiratory, urinary, and gastrointestinal tracts, 
there is a risk of infection from other monitoring lines and 
catheters used during cardiac surgery, such as central lines, 
Swan–Ganz catheters, and mediastinal drainage tubes. 
Leukocytosis is frequently absent or depressed in an elderly 
patient, who otherwise commonly exhibits atypical signs of 
infection such as hypothermia or confusion. Although most 
cardiac surgery patients are not cachexic or nutritionally 
depleted owing to their cardiac disease, it is important to 
assess the preoperative nutritional status of an elderly indi-
vidual whose other organ reserves are already limited. 
Adequate nutrition is vital for wound healing and for avoid-
ing infection and ventilatory dependence. Ideally, the serum 
albumin concentration should be >3.5 mg/dl, and there should 
be no history of recent significant (>5%) weight loss.

Numerous physiologic changes affect the cardiovascular 
system with advancing age. There is a decrease in vascular 
elasticity: The aorta and large arteries become much less 
compliant, resulting in an increase in peripheral vascular 
resistance. Left ventricular stiffness is increased [15], as is 
the ventricular septal thickness [16], and may require higher 
filling pressures to maintain adequate forward flow. During 
exercise there is a decrease in peak heart rate and ejection 
fraction, likely due to reduced responsiveness to circulating 
catecholamines [17–19]. Autopsy studies of octogenarians 
revealed that atherosclerotic heart disease with more than 
75% narrowing in at least one major coronary vessel was the 
most common abnormality (present in 60% of patients). In 
fact, coronary disease was the most common single cause of 
death, with the most frequent manifestation being acute 
myocardial infarction [16]. Finally, compared with younger 
age groups, the heart of the elderly individual has smaller 
ventricular cavities and tortuous coronary arteries [20–22]. 

In light of these morphologic findings, it is not surprising 
that by age 80 at least 20% of this population have an estab-
lished clinical diagnosis of coronary artery disease, and that 
eventually 67% of elderly patients die from this disease.

Elderly patients tend to have more advanced coronary 
artery disease than their younger counterparts by the time 
they are referred for cardiac surgery. Compared with the 
Coronary Artery Surgery Study (CASS) with a patient popu-
lation of mean age 68 years [23], octogenarians were found to 
have a higher incidence of three-vessel coronary disease (87% 
vs. 61%; p < 0.05), left main or left main-equivalent disease 
(50% vs. 3%, p < 0.0001), and significant left ventricular dys-
function (19% vs. 4% had an ejection fraction <35%, p < 0.01) 
[24]. Older patients are more symptomatic on presentation; 
many series report that more than 90% of octogenarians are 
New York Heart Association (NYHA) functional class III–IV 
preoperatively [13, 25–31]. When compared with younger 
patients, a significantly higher percentage of elderly patients 
are referred for more urgent or emergent procedures, which 
carry substantially increased risks of major morbidity and 
mortality [7, 13, 24, 29, 31–34]. This underscores the need to 
prevent emergent and urgent surgical interventions.

A common finding in elderly patients is calcification and 
intimal disease of the aorta, which can crack and embolize 
when the ascending aorta is clamped or manipulated during 
cardiac operations. Such embolization to cerebral vessels is 
the principal cause of perioperative stroke in this age group 
[35]. Other causes of surgery-related neurologic deficits 
include transient episodes of systemic hypotension during car-
diopulmonary bypass and air embolism from procedures that 
necessitate opening cardiac chambers or great vessels, such as 
aortic or mitral valve operations. Although aortic valve calci-
fication is present in more than 55% of patients over the age of 
90, only 5% eventually develop significant hemodynamic val-
vular stenosis [36]. One important difference between aortic 
and mitral valve disorders in the elderly is that aortic valve 
disease is usually associated with preserved left ventricular 
function, whereas mitral valve disease in the elderly is often 
ischemic in nature and is associated with significant ventricu-
lar dysfunction. Davis et al. [37] noted that only 29% of elderly 
patients with significant aortic valve disease had concomitant 
disease of two or more coronary vessels, compared with 46% 
of patients with significant mitral valve disease.

Predictors of Perioperative Morbidity  
and Mortality

As experience with the surgical treatment of cardiac disease in 
septuagenarians has grown, the literature has focused on the 
surgical outcome in octogenarians (Table 52.1). Many of these 
studies have reported predictors of perioperative morbidity 
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and mortality based on extensive univariate and multivariate 
analyses. This information has proved vital in identifying spe-
cific factors that may be optimized preoperatively and has pro-
vided physicians and patients with the ability to make timely 
treatment decisions based on expected short-term and long-
term outcomes.

Several studies have shown that a decreased ejection frac-
tion is a significant predictor of hospital mortality following 
cardiac surgery. This is even more predictive of an adverse 
outcome in octogenarians. A number of series have reported 
hospital mortality rates of 3–6, 5–13, and 24–43% in patients 
with normal, moderately impaired, and severely impaired 
(ejection fraction < 0.30) left ventricular function, respec-
tively [48–50]. In a multivariate analysis of factors involving 
159 octogenarians who underwent isolated coronary artery 
bypass, Mullaney et al. [44] found that an ejection fraction 
less than 0.50% was the most important predictor of adverse 
survival ( p < 0.01). Ko and coworkers, who analyzed 100 
consecutive octogenarians undergoing isolated coronary 
artery bypass, also found a decreased ejection fraction to be 
the most significant predictor of perioperative mortality 
( p < 0.002). In fact, an ejection fraction less than 30% was 
associated with a mortality rate of 43% [28].

High NYHA functional cardiac class was highly predic-
tive of hospital mortality in numerous studies [13, 16, 19, 22, 
25, 26, 31, 45] In their series of 76 octogenarians undergoing 
a variety of cardiac surgery procedures, Tsai et al. [48] found 
that 94% of the hospital deaths were in patients who pre-
sented in NYHA functional class IV. In a study of 24,461 
patients 80 years and older who underwent isolated coronary 
artery bypass, measures of more acute coronary disease, such 
as acute myocardial infarction (MI) before bypass surgery, 
predicted higher procedural and long-term mortality rates 
[49]. This relation with acute coronary artery disease has 
been borne out by numerous other authors [24, 26, 28].

Combined coronary surgery procedures and mitral valve 
replacement (MVR) have been shown to carry significantly 
higher hospital mortality rates in the elderly population 
[19, 27, 32, 36, 37, 39, 42, 45]. In the early 1990s, Davis 
and coworkers reported operative mortality rates of 5.3% 
for aortic valve replacement (AVR), 20.4% for MVR, and 
5.8% for isolated coronary artery bypass [37]. Several years 
earlier, Naunheim et al. reported even higher hospital mor-
tality rates of 50% for MVR, 9% for AVR, and 67% for 
double valve replacement combined with coronary revas-
cularization [33]. More recent outcomes for those aged 75 

Table 52.1  Cardiac surgical procedures in the octogenarian: results and average length of hospital stay

Study Year No. Procedure Mortality (%) Complication rate (%) Mean postoperative LOS % Survival (years)

Deiwick et al. [34] 1997 101 Mixed 8 73 88 (1)
73 (5)

Gehlot et al. [38] 1996 322 AVR mixed 14 53 11.0 83 (1)
60 (5)

Sahar et al. [39] 1996 42 Mixed 7 24
Logeais et al. [40] 1995 200 Mixed 12 35 12.7 82 (1)

75 (2)
57 (5)

Cane et al. [12] 1995 121 Mixed 9 49
Klima et al. [41] 1994 75 Mixed 8 21
Yashar et al. [42] 1993 43 Mixed 9 38
Glower et al. [26] 1992 86 CABG 14 29 10.0 64 (3)
Freeman et al. [31] 1991 191 Mixed 20 30 16.4 92 (1)

87 (2)
82 (3)
78 (4)

Tsai et al. [43] 1991 157 CABG 7 20 85 (1)
62 (5)

Ko et al. [28] 1991 100 CABG 12 24
Mullany et al. [44] 1990 159 CABG 11 73 84 (1)

71 (5)
Naunheim et al. [33] 1990 103 Mixed 17 71 90 (1)
Kowalchuk et al. [45] 1990 53 Mixed 11 38 81 (2)
Fiore et al. [46] 1989 25 Mixed 20 72 18.0 79 (1)

Valve 69 (2)
Naunheim et al. [24] 1987 23 Mixed 22 67 14.3 94 (1)

82 (2)
Rich et al. [47] 1985 25 Mixed 4 92 19.5 84 (2)
Mixed series includes valve and coronary bypass procedures and/or valve + coronary bypass procedures; AVR aortic valve replacement, CABG 
coronary artery bypass grafting, LOS length of stay in hospital
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and above at Newark Beth Israel Medical Center, a partici-
pant in The Society of Thoracic Surgeons 2004–2008 data-
base, reveal mortality rates of only 4.8% for isolated AVR, 
0% for isolated MVR, and 3.0% for isolated CABG (per-
sonal communication).

The outcome after valve replacement in elderly patients is 
primarily a function of the myocardial performance, which 
decreases as the severity of any associated coronary artery 
disease increases. Old patients undergoing AVR tend to have 
a well-functioning ventricle; the degree of coronary artery 
disease tends to be less than that in patients undergoing 
MVR. Patients requiring mitral valve surgery tend to have 
more serious ischemic disease, which can irreversibly dam-
age the myocardium and result in higher perioperative mor-
tality [20–22, 27]. Furthermore, combined procedures require 
longer cardiopulmonary bypass times and longer ischemic 
cross-clamp times, two factors that are predictors of opera-
tive mortality as well [19, 24, 26, 28].

In addition to presenting with more advanced disease than 
their younger counterparts, a higher percentage of octoge-
narians are referred for urgent or emergent surgical interven-
tion. As noted in Table 52.2, urgent and emergent operations 
are associated with extremely high mortality rates, particu-
larly if a mitral valve procedure is performed independently 
or in combination with other procedures. These increased 
mortality rates reflect the progression and severity of the car-
diac disease and the lack of functional reserve for stressful 
events in this older population. Another related factor, preop-
erative hemodynamic instability, was described by several 
authors as the need for an intra-aortic balloon pump (IABP) 
[15, 19, 24, 25, 33, 39], preoperative admission to the coro-
nary care unit [34, 38, 44], and preoperative use of inotropes 
and vasoactive medications [33, 50]. Each was found to be a 
significant predictor of hospital mortality. Multivariate anal-
yses by Williams and coworkers, who studied a group of 300 
octogenarians who underwent isolated coronary artery 
bypass, revealed that preoperative renal dysfunction (creati-
nine > 2.0  mg/dl), pulmonary insufficiency, and postopera-
tive sternal wound infection were strong predictors of hospital 
mortality [13]. Tsai and coworkers found that 67% of the 
elderly patients with postoperative mediastinal bleeding 
necessitating reoperation ultimately died [48].

In a prospective study of 2,000 patients undergoing coro-
nary artery bypass, Tuman et al. [51] studied the effect of age 
on neurologic outcome. The rate of neurologic complica-
tions rose significantly with age; patients <65 years old had 
a 0.9% stroke rate, whereas those aged 65–74 and >75 had 
rates of 3.6 and 8.9%, respectively (p = 0.0005). Suspected 
causes of serious neurologic events (in patients unresponsive 
for more than 10 days) include atheromatous emboli from 
the ascending aorta, hypotension or low-flow state during 
cardiopulmonary bypass, and preexisting critical extracra-
nial or intracranial cerebrovascular disease. The mortality 
rate in this group of patients who sustained significant strokes 
was 74% (Fig. 52.1) [51]. Perioperative mortality associated 
with perioperative stroke in younger patients, although still 
formidable, was less than half of this frequency (24–26%).

Quality of Life

Although the short-term and intermediate-term survival for 
elderly patients undergoing cardiac surgery is somewhat 
less than their younger cohorts, the long-term survival for 

Figure 52.1  Effect of advanced age on the predicted probability of neu-
rologic and cardiac morbidity (from Tuman et al. [51], with permission).

Table 52.2  Comparison of mortality rates by procedure status (elective vs. urgent vs. emergent)

Study Year No. Procedure

Mortality (%)

Overall Elective Urgent Emergency

Diewick et al. [34] 1997 101 Mixed   7.9   4.7 23.5
Williams et al. [13] 1995 300 CABG 11.0   9.6 11.0 33.3
Diegeler et al. [29] 1995   54 Mixed   9.2   6.1 40.0
Freeman et al. [31] 1991 191 Mixed 18.8 35.9
Ko et al. [28] 1991 100 CABG 12.0   2.8 13.5 33.3
Naunheim et al. [32] 1990 103 Mixed 16.5 10.0 29.0
Naunheim et al. [24] 1987   23 Mixed 22.0 11.0 75.0
See Table 52.1 for explanation of abbreviations
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octogenarians after open heart surgery compares favorably 
with survival for the general US population of similar age. 
In a series of 600 consecutive patients 80 years or older 
undergoing various open heart procedures, the 5-year actu-
arial survival, including hospital mortality, was 63 ± 2%. 
Survival in this group was identical to that for the simultane-
ous general US octogenarian population [14]. Excellent 
long-term results have been achieved by several groups in 
octogenarians after mitral valve surgery, aortic valve sur-
gery, and coronary artery bypass surgery [40, 52, 53].

Of as great importance to the elderly as survival is the asso-
ciated quality of life. Several authors have shown that most 
(81–93%) of the octogenarians who survive open heart surgery 
“feel” as good and frequently better than before their opera-
tions [14, 29, 40, 53]. An equally high percentage (75–84%) of 
octogenarians believed in retrospect that having decided to 
have a cardiac surgical procedure after age 80 had been a good 
choice [14, 54]. The precise and objective measurements of 
quality of life may be difficult to quantify. Based on well-stud-
ied populations, it has been possible to construct instruments 
that reliably assess the various domains of daily living, thereby 
producing a meaningful reproducible measurement of quality 
of life [55–57].

The NYHA angina functional class and cardiac failure 
functional class reflect symptom-free living with regard to 
chest pain and dyspnea. Octogenarians have consistently 
demonstrated substantial improvement in their NYHA 
angina functional class and cardiac failure functional class 
after open heart surgery. In several reports, most (68–92%) 
of the octogenarians who survived open heart surgery were 
in NYHA functional class I or II during long-term follow-up. 
This improvement was seen after isolated coronary artery 
bypass operations, valve operations, and combined opera-
tions (Table 52.3). When a well-validated health care index, 
the SF-36, was employed to study prospectively a cohort of 
elderly and nonelderly patients, those over 75 years of age 
enjoyed an identical long-term improvement in each of the 
seven domains of the SF-36. Indeed, as many of the elderly 
patients had low quality of life SF-36 scores preoperatively 
as their younger cohorts, their improvements were even 
greater, as both populations ended up with statistically iden-
tical SF-36 scores 6 months following surgery. Any neuro-
logic injury associated with the diagnostic and surgical 
process dramatically affected their quality of life adversely 
when compared with those old patients who did not suffer 
any neurologic injury.

Many octogenarian patients live alone and consequently 
have impaired ability to carry out activities of daily living, which 
places them at a significant disadvantage. Karnofsky depen-
dency category (KDC) and social support index (SSI) reflect the 
degree of help needed by patients. Glower and coworkers, using 
the KDC, showed that the median performance status in a group 
of octogenarians undergoing isolated coronary artery bypass 

grafting improved from 20% preoperatively to 70% at hospital 
discharge, with 89% of survivors being discharged home [26]. 
Kumar et al. showed that when there was a significant decrease 
in the level of social support needed by octogenarians after open 
heart surgery, the mean KDC and mean SSI decreased signifi-
cantly at the short-term follow-up (less than 2 years) [54]. These 
improvements were also present but significantly less evident at 
the long-term follow-up (more than 5 years). It is likely that 
significant comorbid conditions limit the ability of octogenari-
ans to live independently long term, although they remain 
symptom-free from a cardiac point of view and do well in the 
short term.

As mentioned above, the subjective indicators of quality 
of life for octogenarians after open heart surgery are complex 
and involve a number of modalities relating to various 
domains of life. In the study by Kumar et al., indices for sat-
isfaction with marriage, children, and overall life, feelings 

Table 52.3  Change in functional class after cardiac surgical procedures

Study Year No Procedure

Functional class change (%)

Preoperative Postoperative

FC III–IV FC I–II

Deiwick  
et al. [34]

1997 101 Mixed 88 83

Morris  
et al. [25]

1996 474 CABG 93 92

Gehlot  
et al. [38]

1996 322 Mixed 86 82

Sahar  
et al. [39]

1996 42 Mixed 87 90

Williams  
et al. [13]

1995 300 CABG 98 98

Logeais  
et al. [40]

1995 200 Mixed 74 99

Cane et al. 
[12]

1995 121 Mixed 69 84

Diegeler 
et al. [29]

1995 54 Mixed 100 92

Adkins et al. 
[58]

1995 42 Mixed 64 97

Tsai et al. 
[27]

1994 528 Mixed 99 70

Yashar et al. 
[42]

1993 43 Mixed 98 79

Tsai et al. 
[43]

1991 157 CABG 96 73

Ko et al. [28] 1991 100 CABG 100 94
McGrath 

et al. [30]
1991 54 Mixed 96 94

Mullaney 
et al. [44]

1990 159 CABG 97 89

Merrill et al. 
[59]

1990 40 Mixed 100 100

Edmunds 
et al. [60]

1988 100 Mixed 90 98

Naunheim 
et al. [24]

1987 23 Mixed 94 83

FC functional class
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about the present life, and general affect were assessed. In 
the short term, the indices for satisfaction with overall life 
and eight bipolar items assessing general affect showed sig-
nificant improvements, although all these improvements 
became less evident at long-term follow-up [54]. Perhaps the 
symptomatic benefits and the value of cardiac surgery as 
seen subjectively by the patients lie in the question, “Would 
you choose to undergo cardiac surgery again?” Virtually all 
the current studies in the literature have shown that most 
octogenarians would have made the same decision to undergo 
open heart surgery retrospectively.

Possible Strategies to Decrease  
Operative Risk

Improvements in surgical techniques and anesthesia have 
increased the confidence of cardiac surgeons performing 
operations on an elderly population with increased periop-
erative risk. Awareness of the problems unique to this grow-
ing population of elderly patients, along with recent statistical 
data highlighting the impact of these problems on morbidity 
and mortality, can help the medical team recommend the 
most appropriate treatment choice and timing of intervention 
in each individual case.

The two principal causes of perioperative cerebrovascular 
accidents (CVAs) in elderly patients undergoing cardiac sur-
gery are embolization (air, atheroma, and calcific debris) and 
hypotension resulting in inadequate perfusion of the central 
nervous system. Preoperative evaluation of the ascending 
aorta and carotid arteries and intraoperative assessment of 
the proximal aorta using transesophageal or epiaortic 
echocardiography may alter the conduct of the procedure, 
minimize intraoperative manipulation, and thereby signifi-
cantly reduce the incidence of stroke [34, 35, 39, 51, 61]. 
Such information enables the surgeon to avoid cannulation 
or direct manipulation of heavily diseased portions of the 
aorta where atheromas may dislodge or where plaque disrup-
tion may cause aortic dissection. The presence of extensive 
atheromatous or calcific disease, which precludes safe 
manipulation of the ascending aorta in patients with advanced 
coronary disease, leaves the surgeon with several choices.

	1.	 Abandon the surgical procedure and consider nonopera-
tive or nonbypass revascularization, such as angioplasty, 
transmyocardial revascularization, or angiogenesis.

	2.	 Perform surgical revascularization on a beating heart, 
using one or both internal thoracic arteries or nonaortic-
based grafts.

	3.	 Establish cardiopulmonary bypass via the femoral, axil-
lary, or other systemic nondiseased artery and perform 
graft replacement or endarterectomy of the ascending 

aorta [34, 35]. The latter alternative is an aggressive, com-
plex procedure and in the elderly population it should be 
reserved for the very good risk patient with no significant 
comorbidities.

Diffuse systemic atherosclerosis is more prevalent in the 
elderly than in younger patients; as such, special precautions 
should be taken to ensure adequate cerebral and renal perfu-
sion perioperatively. Maintaining high perfusion pressures 
while on cardiopulmonary bypass can help decrease the inci-
dence of ischemic stroke [62, 63]. Control of atrial arrhyth-
mias and avoidance of episodes of sustained arterial 
hypotension due to hypovolemia or medications are impor-
tant during the immediate postoperative period. Although 
there is still controversy regarding the management of asymp-
tomatic carotid disease, it is believed that known carotid dis-
ease in the elderly population is a risk factor for postoperative 
CVA [14, 34, 44, 51]. Morris et al. [25] recommended routine 
preoperative assessment of carotid artery disease in octoge-
narians and advocated carotid endarterectomy if significant 
disease is found. If symptomatic carotid artery disease is 
diagnosed prior to cardiac surgical intervention, consideration 
should be given to performing a staged or a combined proce-
dure. If asymptomatic significant carotid disease is discov-
ered by Doppler preoperatively (>75% stenosis bilaterally or 
lesser degrees of unilateral stenosis in the presence of an 
occluded contralateral artery), concomitant carotid endart-
erectomy may decrease the risk of perioperative stroke [61].

Because of the significant increase in mortality associated 
with urgent or emergent operative procedures (Table 52.2), 
all possible measures must be taken to optimize the elderly 
patient preoperatively and possibly convert an urgent or 
emergent situation to a more elective one. Careful selection 
of elderly patients in this setting is critical, and one must 
evaluate the patient’s mental status and existing comorbidi-
ties when determining the potential for meaningful survival 
before recommending operation. Aggressive preoperative 
medical management includes the use, when necessary, of 
intravenous nitroglycerin or heparin (or both), inotropic and 
ventilatory support, and if absolutely necessary, the IABP. 
Although numerous studies have reported that preoperative 
use of the IABP is a significant predictor of perioperative 
mortality [12, 14, 33, 50], it likely reflects the severity of the 
elderly patient’s underlying cardiac disease, rather than any 
inherent risk in using the device. Sisto et  al. [64] reported 
that in 25 consecutive octogenarians requiring IABP inser-
tion, there were no significant complications related to device 
insertion; and of 20 patients who eventually underwent sur-
gery after IABP, only two patients (10%) died in hospital. 
This operative mortality rate is significantly better than that 
reported by others for urgent/emergent cases (Table 52.2).

There is a strong association between early postoperative 
death and prolonged ventilatory dependence [60], which can 
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develop quickly in the elderly patient. As soon as the patient 
awakens from general anesthesia, respiratory muscles must 
be exercised. Pulmonary hygiene and physiotherapy must be 
aggressive with early and progressive ambulation. Unlike 
their younger counterparts, elderly patients have much less 
functional reserve, and therefore a successful first attempt at 
extubation and mobilization ensures the best outcome. 
Intraoperatively, exquisite care must be taken to avoid injury 
to the phrenic nerve during harvesting of the internal tho-
racic artery, and use of bilateral internal thoracic arteries 
should generally be avoided [65].

Nephrotoxic drugs should be avoided; or, if necessary, 
doses should be adjusted in light of the decreased renal func-
tion in elderly patients. Intravenous renal dosage dopamine 
hydrochloride (1–2 mg/kg/min) may have benefit when used 
for any patient with preexisting renal insufficiency. Because 
of the high mortality associated with perioperative renal fail-
ure in this population [13, 38, 43, 66, 67], an aggressive 
approach to optimize preoperative renal function is essential. 
Although rigorous studies demonstrating the benefit of “renal 
dopamine” are inconclusive, many centers use this drug to 
enhance urine flow during and immediately after cardiac 
surgery.

Cognitive function is one of the most important factors 
affecting overall outcome and is one of the most difficult 
neurologic outcome parameters to measure and assess. 
Delirium and confusion are common in the postoperative 
elderly individual and can hinder important initial attempts 
to extubate and mobilize a patient. Encephalopathy changes 
are seen in as many as 30% of all bypass patients and 50% of 
elderly patients. Sensory deficits such as those due to hearing 
or vision impairments can be addressed as soon as the patient 
awakens by providing hearing aids and eyeglasses. Invasive 
lines and monitoring equipment should be removed as soon 
as the patient is medically possible to facilitate mobilization. 
Transfer out of an intensive care unit (ICU) setting, when 
possible, helps restore the sleep–wake cycle. Family mem-
bers should stay with confused patients to offer reassurance 
and encouragement. Long-acting benzodiazepines should be 
avoided or other sedative/hypnotic medications altered to 
prevent excessive sedation, confusion, and respiratory 
depression. Haloperidol is a more appropriate drug for the 
management of delirium in this patient population because 
of its short-acting effect and safety margin in the postopera-
tive cardiothoracic patient. Small doses are usually effective, 
and the patient can be rapidly weaned in conjunction with 
professional and family encouragement.

Octogenarians are more likely to develop sternal dehis-
cence due to osteoporosis of the sternum. The use of bilateral 
internal thoracic arteries should be avoided. Sternal wound 
infection has been shown to be a positive predictor of mortal-
ity in this group of patients [13].

Aggressive management is essential and includes early 
institution of intravenous antibiotics, timely debridement, 
and either primary reconstruction or secondary closure with 
a wound vacuum device. Adequate nutrition and pulmonary 
physiotherapy are critical to success. Staged closures are to 
be avoided in this population, other than for the most 
advanced infections, which should then undergo coverage 
and secondary closure as rapidly as possible.

Utley and Leyland described a highly selected group of 
25 patients over the age of 80 who underwent coronary artery 
bypass with no hospital deaths [68]. Patients were selected 
on the basis of their ability to achieve acceptable functional 
recovery after operation. All patients were living at home 
alone or with relatives preoperatively, and they were ambula-
tory and capable of caring for their own personal needs. They 
were counseled preoperatively regarding the importance of 
early ambulation and self-care postoperatively. Four patients 
were rejected for surgery based on mental or physical senil-
ity, previous debilitating strokes, or a history of long-term 
institutional care. Anesthetic management included the use 
of short-acting agents and minimal use of postoperative seda-
tion. Patients were extubated within 9–48 h postoperatively, 
and many were ambulatory and eating on the first postopera-
tive day. Although this restrictive degree of patient selection 
is not appropriate in most cases, it illustrates how outcome 
can be strongly influenced by preexisting functional status 
and meticulous perioperative care.

Nonsurgical Alternatives

During the current era of health care reform, there is consid-
erable interest in providing the most appropriate care for 
patients more than 80 years of age at an “acceptable” cost 
[69]. As coronary bypass surgery is the most common major 
operation performed in the USA (more than 300,000 done 
annually), the use of coronary bypass in the very elderly is an 
important issue in the present cost-conscious environment. 
Medicare data from 1987 to 1990 indicated that the use of 
this operation in patients more than 80 years of age increased 
by 67% during that time period [49]. The projected rise in 
the number of coronary bypass procedures to be done in 
these patients and associated costs is impressive (Fig. 52.2) 
[49]. Numerous studies have shown a considerable increase 
in length of stay (3–4 days longer) and hospital costs 
($3,000–$6,000 more) in patients over 80 years old versus 
their younger counterparts. Failure to provide this service, 
however, often results in repeated and prolonged hospitaliza-
tion, the need for multidrug therapy, and poorer quality of 
life, not to mention the emotional impact on patients and 
their families [7, 49].
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In one series of octogenarians, when coronary surgery 
was compared with medical therapy, the overall cost, 
annual reinterventions, coronary disease-associated read-
missions, and mortality were favored in the surgical group. 
Several studies have attempted to compare the treatment 
results of less expensive alternatives to coronary bypass 
surgery. In elderly patients, percutaneous transluminal 
coronary angioplasty (PTCA) has the advantages of shorter 
hospital stay, less immobilization, and lower cost com-
pared with coronary artery bypass; however, coronary 
bypass confers greater and more durable freedom from 
angina, less need for future repeat interventional measures, 
and overall improved quality of life [36, 70, 71]. Although 
Mick et al. [72] reported that the procedural complication 
rates in matched groups of patients undergoing coronary 
bypass versus PTCA were similar, Braunstein et  al. [70] 
observed that PTCA in the setting of unstable angina was 
associated with high initial morbidity but long-term sur-
vival roughly equivalent to that after coronary bypass sur-
gery. As mentioned above, compared with medical 
noninterventional therapy, coronary artery bypass provides 
a significant survival advantage and improved quality of 
life. Ko et al. [71] compared 36 octogenarians who under-
went coronary artery bypass with 29 octogenarians who 
continued medical noninterventional therapy and found 
that the functional class did not change in the latter group 
but improved significantly in the former group (NYHA 
functional class decreased from 3.4 to 1.2, p < 0.01). The 
3-year survival rate of 77% for the surgical group was sim-
ilar to the survival of octogenarians in the general US pop-
ulation and was significantly better than that of 55% for 
the medical group. In summary, coronary bypass surgery 
provided improved long-term survival and functional ben-
efit compared with medical therapy and improved the qual-
ity of life compared with PTCA.

The New Era of Mechanical Circulatory Assist

In the mid-1980s, implantable mechanical circulatory assist 
devices were introduced in FDA clinical trials for patients 
with severe left ventricular dysfunction who were awaiting 
transplant and would otherwise not survive without such sup-
port. The most popular device in this early era, the HeartMate 
pneumatic left ventricular assist device (LVAD), enabled 
patients to ambulate and exercise on treadmills while in-hos-
pital. The advantages of LVAD therapy for the often debili-
tated, deconditioned patients were significant and resulted in 
improved outcomes for heart transplant recipients who were 
able to optimize their physical and physiologic conditions 
prior to transplant. Since then the LVADs have become 
smaller (Figs. 52.3 and 52.4), more durable, and associated 
with increased survival rates when compared with the earlier 
models [73]. The smaller size and decreased postoperative 
complications have enabled this technology to be offered to 
the elderly population with acceptable perioperative risk.  

Figure 52.2  Projected number of bypass surgery (CABG) procedures 
performed per year in octogenarians (left axis) and the corresponding 
projected costs for these procedures (in 1990 dollars) (right axis) (from 
Peterson et al. [49], with permission).

Figure 52.3  HeartMate II LVAD (reprinted with permission of Thoratec 
Corporation).
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The oldest patients with these smaller LVADs are octogenar-
ians who, like their younger counterparts, are leading produc-
tive lives outside the hospital.

For a selective group of elderly but active patients who 
suffer hemodynamic compromise due to severe cardiac dys-
function, a temporary mechanical assist device can be 
implanted if there is hope of cardiac recovery, such as after a 
large myocardial infarction. Newer devices in this category, 
such as the Thoratec CentriMag, have been associated with 
fewer complications and improved survival (personal 
communication).

Guidelines for Therapy in the Elderly Cardiac 
Surgery Patient

During the process of deciding whether to offer cardiac sur-
gical intervention to elderly patients, the relief of symptoms 
and improvement in quality of life should assume more 

importance than the issue of increased life expectancy. When 
surgical revascularization is considered in this patient popu-
lation, numerous social, ethical, and clinical issues arise. 
Comorbidities, quality of life, and concerns raised by the 
patient’s family should be acknowledged and factored into 
the decision-making process. It is important to integrate the 
patient’s and family’s wishes, but one must focus the thera-
peutic decisions on the patient’s advance directives. 
Emergency cases in these patients may be associated with 
more than 70% mortality risk, and therefore nonoperative 
treatment must be strongly considered. Asymptomatic 
patients should continue medical treatment unless there is 
critical (>70%) left main coronary artery stenosis, which is 
associated with significantly reduced life expectancy. 
Numerous groups (Table 52.2) have observed significantly 
increased mortality when combined procedures were per-
formed. One study, comparing the operative mortalities for 
isolated AVR and isolated coronary artery bypass to com-
bined AVR + coronary bypass, demonstrated five- to sixfold 
increased operative mortality in the combined procedure 
group [48]. In situations where two or three disease processes 
exist, the surgical plan should be modified to avoid such 
increased risks. For example, in an elderly patient with 
angina, severe coronary artery disease, and noncritical aortic 
stenosis, coronary revascularization alone may be the best 
option. Such patients are usually not at risk for a serious 
morbid event due to their aortic stenosis [36]. Conversely, in 
a patient with critical aortic stenosis, congestive heart fail-
ure, preserved or mildly impaired left ventricular function, 
and noncritical coronary lesions (<70–80% stenosis), valve 
replacement alone may be the best alternative. Fiore et  al. 
[46] noted that of the early deaths of patients undergoing 
combined AVR + coronary bypass, 60% were due to low car-
diac output; the patients who had died had little or no angina 
preoperatively, but each had considerable congestive heart 
failure and may have been better served by valve replace-
ment alone.

Definitive treatment of isolated aortic stenosis is surgical 
replacement of the valve, preferably with a bioprosthesis that 
prevents a lifelong requirement for anticoagulation. The tis-
sue valves have demonstrated impressive freedom from 
structural deterioration and reoperation at 10 or even 15 
years in patients older than 65 years of age. Stentless bio-
prostheses may have some advantage in elderly small aortic 
root patients, but long-term benefit and durability remain 
unproven. Percutaneous balloon valvuloplasty may offer 
effective initial palliation, but medium- and long-term dura-
bility results have been disappointing. Symptoms recurred 
within 1 year in most patients and necessitated subsequent 
surgery [74, 75].

Chronic aortic regurgitation may be well tolerated for 
several decades before congestive heart failure occurs. Once 
symptoms appear and ventricular dilatation begins, AVR 

Figure 52.4  Mechanical circulatory support device placement (reprinted 
with permission of Thoratec Corporation).
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should be offered before chronic volume overload results in 
symptomatic irreversible myocardial and pulmonary dam-
age. The most appropriate time to replace the valve is soon 
after left ventricular dilatation begins.

Surgery is usually recommended for mitral stenosis 
patients with NYHA functional class II–III heart failure 
and a calculated mitral valve area less than 1.0  cm2. 
Percutaneous balloon mitral valvuloplasty, unlike the simi-
lar treatment for stenotic aortic valves, may be useful when 
only the mitral valve leaflets are impaired and there is no 
significant calcification or regurgitation. The subvalvular 
apparatus should be functional and not destroyed, as can 
happen with advanced rheumatic valve disease [76]. Mitral 
valve balloon valvuloplasty usually provides relatively 
long-term relief of dyspnea but is frequently not possible in 
elderly patients with advanced disease and heavily calcified 
mitral valves. MVR, although the definitive treatment for 
mitral valve stenosis, carries significantly increased proce-
dural mortality either alone or combined with other proce-
dures in the elderly. Naunheim et al. [33] observed operative 
risks of 42% for either MVR alone or MVR + coronary 
bypass. Combined MVR + AVR was associated with a 67% 
risk of surgical mortality, further suggesting a limited role 
for MVR in this elderly population. These procedures 
require prolonged periods of cardiopulmonary bypass and 
global cardiac ischemia, both of which are poorly tolerated 
by such patients with limited cardiac and other organ 
reserve. For these reasons, Fiore et al. [46] recommended 
that every effort be made to keep such operations simple 
and expeditious.

In patients with advanced coronary artery disease who 
may be at high risk for complications arising from cardiopul-
monary bypass, such as those with severe calcific disease of 
the ascending aorta (precluding safe insertion of cannulas), a 
history of stroke, or end-stage pulmonary or renal failure, an 
alternate option is surgical revascularization on a beating 
heart. Technologic advances in pericardial retraction systems 
and stabilization devices have enabled the surgeon to per-
form anastomoses on a beating heart with the use of newer 

surgical techniques. However, there is a significant learning 
curve, as the surgical field is not nearly as optimal as that 
produced by cardiopulmonary bypass and ischemic arrest. 
Recent reports have observed a failure rate of 10% even in 
experienced hands. Although a reasonable alternative for 
patients who would otherwise have no interventional options, 
the increased risk of technical failure must be kept in mind 
and discussed with the patient and family.

Finally, for elderly patients in previously good physical 
and mental condition who suffer from acute or chronic severe 
ventricular dysfunction, both short-term and long-term mechan-
ical circulatory assist devices are available at an acceptable 
operative risk, compared with their earlier counterparts.

Conclusions

As the elderly population has grown, so have the number of 
elderly patients being referred for cardiac surgery and their 
disease complexity. For the most part, these patients can be 
offered conventional surgical procedures with acceptable 
mortality, morbidity, and long-term quality of life expecta-
tions. Indeed, the perioperative complications are somewhat 
more numerous than for younger patients even when they are 
compared for procedure and matched for other risk factors.

This incremental morbidity and mortality is seen across 
the entire population but is most pronounced in emergently 
operated patients. With the availability of new and different 
techniques to accomplish myocardial revascularization and 
valvular repair and replacement, and the recent availability of 
mechanical assist devices, the range of procedures available 
for elderly patients with hemodynamically important heart 
disease is increasing at a rate almost faster than the popula-
tion itself has grown. It is therefore critical that the health care 
professionals caring for these older patients are aware of 
ongoing developments in these areas and carefully stratify the 
preoperative risk factors to best select the least morbid and 
most effective procedure that is currently available.

Case STUDY:  CROSSING THE FRONTIER

Stanley M., an active male in his late 1970s, presented 
to a local hospital near his home in New Jersey after 
suffering a large myocardial infarction. Due to hemo-
dynamic instability, he received an IABP, was intubated 
and transferred to Newark Beth Israel Medical Center 
for further treatment. Despite high-dose inotropes, he 

was not able to be weaned from the IABP and remained 
intubated. He received an implantable LVAD, the newer 
and smaller HeartMate II, as part of a clinical trial. He 
was able to be extubated and weaned from the IABP, 
and was discharged home to lead an active life that 
includes travel and caring for his brother. Had this 
technology not been available to Stanley, he would 
have expired in the hospital [77].
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The diseases of the vascular system discussed on this section 
comprise, in the elderly, primarily different manifestations of 
arteriosclerosis.

Occlusive arterial disease is the result of extensive 
plaque formation which can itself produce flow reducing 
arterial stenoses or occlusions. Plaque rupture and associ-
ated thrombosis or embolization can worsen the occlusive 
process.

Several generalities apply to arteriosclerotic occlusive 
disease. First, although most elderly patients have many arte-
riosclerotic plaques or lesions, most of these do not need to 
be treated. There is considerable reserve in the arterial sys-
tem, so that the occlusive process must be extensive before 
symptoms occur. Although a single occlusive lesion can 
cause intermittent claudication, such single lesions in the 
elderly are often asymptomatic. Furthermore, all invasive 
treatments, with open surgical or endovascular techniques, 
are imperfect with frequent early and late failures. Therefore, 
most patients with occlusive lesions, certainly those who are 
asymptomatic or have mild symptoms, should not be treated 
invasively. Conservative treatment with reassurance that their 
limbs will probably not be threatened is usually best.

Second, more advanced limb threatening ischemia or so 
called critical limb ischemia (CLI) usually only occurs in 
patients who have multilevel occlusive disease. Only when 
this is associated with gangrene, a non-healing ulcer or true 
ischemic rest pain is aggressive interventional or surgical 
treatment justified. Such treatment may involve procedures 
which deal with small crural arteries below the knee, and may 
be difficult even for highly skilled specialists. Nevertheless, 
as we have shown for many decades, such aggressive efforts 
to save threatened limbs are almost always worthwhile even 
in elderly patients and those with diabetes [1, 2].

Third, patients with critical lower limb ischemia have a 
limited life expectancy with half of such patients dying within 

the first 5 years of their first revascularization procedure [1, 2]. 
Nevertheless many of these patients will have a failure of their 
revascularization with a renewed threat to their limb. Redo 
procedures, either surgical or interventional, usually can sal-
vage the extremity, and have been shown to be worthwhile 
[1, 2]. Although such procedures can require considerable 
skill, they are an important part of the care of CLI patients.

Fourth, although surgical bypasses supplemented by cath-
eter based treatments such as balloon angioplasty constituted 
the mainstay of treatment for arteriosclerotic occlusive dis-
ease for many decades, in the last 10–15 years there has been 
a paradigm shift in the treatment of this entity. Catheter based 
treatments are becoming the first therapeutic option for most 
patients requiring treatment for lower limb ischemia. Never
theless 20–35% of these patients will require an open surgi-
cal procedure at some time in the course of their disease [3].

Extracranial cerebrovascular disease is primarily arterio-
sclerotic disease at the bifurcation of the common carotid 
artery into its internal and external branches in the neck. 
Plaques at this location can produce cerebral emboli, which 
can lead to strokes or transient neurological motor, sensory, 
or visual symptoms. When such symptoms occur in the 
absence of other pathology, the plaque is considered symp-
tomatic. Over the last 50  years, carotid endarterectomy 
(CEA) has become the standard of care for such symptom-
atic plaques and also for high grade stenotic plaques that 
have not yet produced symptoms (asymptomatic plaques). 
More recently carotid artery angioplasty and stenting (CAS) 
has emerged as an alternate treatment for symptomatic and 
asymptomatic carotid plaques, and is being promoted and 
performed more commonly, particularly by interventional 
cardiologists.

There are three important facts to consider in this area. 
First, to date, all randomized trials comparing CEA to CAS 
for symptomatic carotid disease have shown CAS to be infe-
rior to CEA. Second, CAS in elderly patients over 75 years 
of age has repeatedly been shown to be excessively risky. 
Although these facts may change as the technology improves, 
CEA should remain the treatment of choice for symptomatic 
carotid stenosis patients, particularly the elderly, unless there 
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are compelling contraindications to a surgical procedure in the 
neck (radiation, scarring, a tracheostomy, or a high lesion).

Third, medical treatment for asymptomatic carotid 
stenosis has made dramatic advances in the last decade. 
Treatment with statins, antiplatelet agents, ACE inhibitors, 
and better control of blood pressure and diabetes has been 
shown to alter plaque pathology and behavior, and to dra-
matically reduce the risk of stroke in arterioclerotic patients. 
It is therefore likely that few if any asymptomatic patients 
with carotid stenosis will benefit from either CEA or CAS, 
although level I evidence to prove this is not available.

Treatment of aneurysms.  Although aneurysms can occur 
anywhere in the arterial tree, this commentary will deal only 
with those of the abdominal and thoracic aorta (AAA and 
TAA). Since 1992 and continuing to the present, there has 
been a paradigm shift in the way.

AAAs and TAAs are being treated. Before 1992, the stan-
dard of care for the treatment of AAAs and TAAs that had 
reached a size that required treatment (5–5.5 cm for AAAs 
and >6  cm for TAAs) was open surgical exclusion of the 
aneurysm with a prosthetic polyester graft. Increasingly, over 
the last 17 years, the standard of care has been shifting to 
endovascular repair with an endovascular graft or stent-graft. 
This shift has already occurred for most elective AAAs 
although a proportion still require open repair for anatomical 
reasons. This proportion is shrinking as better technology, 
particularly branched endografts, becomes available. The shift 

to endovascular repair is also occurring for many TAAs and 
most ruptured AAAs [4].

Unlike CEA versus CAS where the differences in morbidity 
between the open and endovascular procedures are minimal, 
the differences between open and endovascular repair of 
abdominal and thoracic aneurysms are substantial. Because of 
this morbidity differential, it is likely that endovascular proce-
dures will ultimately replace most open repairs of abdominal 
and thoracic aneurysms. However, this replacement evolution 
is still ongoing and in some cases is still controversial. Thus, 
currently there is still a need for open surgical repair in some 
patients with aortic aneurysm disease.
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Peripheral arterial disease (PAD) describes the spectrum of 
disease, from asymptomatic to severe, of diminished or absent 
arterial blood flow to the lower extremities or abdominal vis-
cera. PAD is usually distinguished from extracranial and 
intracranial carotid disease, as well as coronary disease, 
although all of these entities are usually and most commonly 
caused by atherosclerosis. Symptoms of PAD can be present 
either acutely, caused by plaque rupture releasing distal emboli, 
or chronically, caused by the progressive intimal thickening 
leading to decreased luminal diameter and subsequent reduced 

distal blood flow. As atherosclerotic intimal thickening is 
typically indolent, slowly accumulating plaque reducing blood 
flow over many years, the elderly population is commonly 
affected with PAD. This chapter focuses on the impact of PAD 
in the lower extremity and visceral circulations in elderly 
patients. Recent advances in minimally invasive technologies, 
particularly endovascular treatments, have increased options 
for treatment of PAD in the elderly patient. However, the evi-
dence for the efficacy of these newer technologies is rarely 
established in the elderly population.
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Case Study

An 85-year-old man presents for a second opinion regard-
ing a right great toe ulcer that was ischemic, but not 
infected. He had a history of claudication treated with 
exercise approximately 10 years prior to presentation. He 
also had a history of coronary artery disease treated by 
coronary artery bypass approximately 8 years ago. There 
is a history of hypertension and type II diabetes but no 
recent smoking. He takes aspirin and a statin.

The physical exam is remarkable for his vascular 
exam. Femoral pulses are 2+ bilaterally, but there are no 
palpable popliteal, dorsalis pedis, or posterior pulses 
bilaterally. The ankle-brachial index is 0.3 on the right 
and 0.5 on the left. The right great toe has an ulcer that is 
clearly ischemic, painful to the point that motion is 

reduced; there is no cellulitis or exudate. There is no 
gangrene. The contralateral foot has trophic changes but 
is not frankly ischemic.

The patient claims to be able to perform his basic 
activities of daily living, but exam shows that he is prob-
ably chronically malnourished and mildly dehydrated, 
although there are no signs of dementia. He lives alone, 
having been recently widowed. The patient has already 
had an opinion from a general surgeon recommending 
primary amputation for his severe vascular disease; your 
office confirms these records and notes that the surgeon’s 
opinion was based both on the patient’s age as well as a 
computed tomogram (CT) angiogram. The patient is par-
ticularly concerned as he believes that an amputation will 
prevent him from returning home, forcing him to move 
permanently to a nursing home.

Incidence and Epidemiology

The incidence of PAD is typically noted to range from 3 to 
10% in the general population, but the incidence increases to 
15–20% in patients older than 70 years [1]. The prevalence 
of PAD increases dramatically with age (Fig.  54.1). For 
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example, the PARTNERS study found that PAD was present 
in 29% of patients either ³70 or 50–69 with a risk factor for 
PAD [2]. Additional risk factors independent of age include 
non-White ethnicity, male gender, smoking history, diabetes, 
hypertension, and dyslipidemia.

The increased incidence and prevalence of PAD in the 
elderly is especially significant since presence of PAD, even 
if only asymptomatic, increases the risk of coronary and cere-
bral arterial disease [2]. Patients with either claudication or 
critical limb ischemia have reduced long-term survival com-
pared to age-matched control patients; for example, 10-year 
survival is reduced from 90 to 50% in patients with claudica-
tion and to 10% in patients with critical limb ischemia [1].

Patient Assessment

The initial evaluation of elderly patients with arterial occlu-
sive disease is critical. Atherosclerotic disease of the aortoiliac 
segment is often asymptomatic in many elderly patients sec-
ondary to their sedentary life style. Few elderly patients pres-
ent with lower extremity or buttock claudication secondary to 
either isolated infrainguinal or aortoiliac disease. Instead, they 
more commonly present with limb-threatening lower extrem-
ity ischemia (rest pain, ischemic ulceration, gangrene) sec-
ondary to multilevel arterial occlusive disease. The combined 
burden of aortoiliac and infrainguinal arterial occlusive dis-
ease can be more difficult to assess and treat in this patient 
population. After a complete physical examination that 
includes a careful pulse examination, noninvasive studies are 
helpful for evaluating the patient’s arterial disease. The vascu-
lar laboratory may aid in the evaluation and selection of 
patients for single or multilevel revascularization. If an inter-
vention is indicated, further invasive studies may be performed 
to define the best intervention for the individual patient, 
although recent technological advances may limit the need for 
invasive purely diagnostic studies.

The ankle-brachial index (ABI) is determined by dividing 
the ankle pressure in each lower limb by the higher of the 
two brachial pressures. Patients with normal circulation have 
an ABI in the range of 1.0–1.2, those with claudication have 
reduced ABIs in the range of 0.40–0.90, and those with 
limb-threatening ischemia have ABIs in the range of 0–0.5. 
An important limitation of measuring lower extremity pres-
sure occurs in patients with heavily calcified vessels, mostly 
diabetics and patients with end-stage renal disease. In these 
patients, the ABI is falsely elevated owing to the higher pres-
sure required to occlude calcified vessels, and in some cases, 
the vessels are not occluded even with pressures higher than 
300 mmHg. However, all-cause mortality is increased both 
in patients with reduced ABI as well as in patients with ele-
vated and incompressible ABI [3].

Pulse volume recordings (PVR) are obtained using a cali-
brated air plethysmograph. A PVR waveform is generated for 
different levels of the lower extremity using standard blood 
pressure cuffs. The increase in pressure within the cuff result-
ing from the volume increase during systole is recorded as a 
pulse wave. The tracings are characterized as normal when 
there is a brisk rise during systole and a dicrotic notch, as 
moderately abnormal when there is loss of the notch and a 
more prolonged downslope, and as severely abnormal when 
there is a flattened wave. The absolute amplitudes are not 
comparable from patient to patient, but serial PVRs have been 
shown to be highly reproducible, making them useful for fol-
lowing the course of patients with severe peripheral vascular 
disease. In addition, this test cannot easily differentiate proxi-
mal femoral disease from iliac occlusive disease. Figure 54.2 
shows a typical PVR tracing demonstrating both thigh (super-
ficial femoral artery) and tibial disease on the right.

Duplex scanning can be a useful noninvasive technique for 
assessing the aortoiliac and infrainguinal arterial system. 
A variety of studies have evaluated the ability of this tech-
nique to predict iliac artery stenoses. Kohler et  al. initially 
suggested that duplex scanning had excellent sensitivity (89%) 
and specificity (90%) when used to predict an iliac stenosis of 
50% or more [4]. Three subsequent studies by Langsfeld et al. 
[5], Moneta et al. [6], and Legemate et al. [7] corroborated 
these findings with sensitivities ranging from 81 to 89% and 
specificities ranging from 88 to 99%. These noninvasive eval-
uations may be useful for evaluating the elderly prior to inva-
sive procedures such as angiography and angioplasty.

Until recently, computed tomography angiography (CTA) 
has had limited use in the evaluation of aortoiliac occlusive 
disease other than simple identification of severely calcified 
arteries or lesions. However, faster, new generation spiral CT 
scanners have the capability of three-dimensional reconstruc-
tions and provide significantly improved images (Fig.  54.3). 
The outstanding resolution of the newer generation of these 
studies has led to their routine use to evaluate patients with 
PAD in many centers. A distinct advantage of these new CTA 

Figure 54.1  Increasing prevalence of PAD with age.
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is the ability to simultaneously identify coronary artery disease, 
and thus perform risk stratification [8]. However, approxi-
mately 150 cc of intravenous contrast dye is required for most 
CTA, limiting the use to patients with essentially normal renal 
function. As the newer generations of CT scanners become 
faster, they have increased ability to accurately image elderly 
patients who, due to comorbidities such as congestive heart 
failure, may have limited tolerance to lie still for the duration of 
the study. As such, CTA is becoming more popular as a diag-
nostic tool in elderly patients.

Magnetic resonance angiography (MRA) is noninvasive, 
does not require contrast agents, and allows good arterial 
imaging. Owens et al. [9] and Carpenter et al. [10] showed 
that MRA may be more sensitive than arteriography when 
imaging distal lower extremity runoff vessels. Carpenter et al. 
[11] also reported that MRA had a 100% positive predicted 
value (PPV) and a 98.6% negative predicted value (NPV) 

when compared to contrast angiography for evaluating 
patients with aortoiliac occlusive disease. These findings 
have not been widely reproduced, but this noninvasive modal-
ity has the potential to replace contrast arteriography in the 
evaluation of these patients. Current images are generally 
inadequate for therapeutic planning in most centers, but as 
the associated hardware and software improve, and interest 
by dedicated MR radiologists increases, the role of MRA 
in  the assessment of occlusive disease of the aortoiliac 
segments will increase [12].

Intraarterial contrast angiography is considered the gold 
standard for evaluating patients with arterial occlusive dis-
ease. This modality provides the diagnostic information nec-
essary to plan the treatment of most vascular patients with 
arterial occlusive disease. Complete evaluation of the exist-
ing arterial disease from the aorta to the pedal vessels is typi-
cally necessary for elderly patients as they commonly have 

Figure 54.2  Typical PVR 
tracing demonstrating both thigh 
(superficial femoral artery) and 
tibial disease on the right.
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multilevel occlusive disease. The addition of intraarterial 
pressure measurements at the time of arteriography improves 
the accuracy of detecting clinically significant stenosis. 
Pressure measurements after intraarterial injection of a vaso-
dilatory drug such as papaverine are used to evaluate the sig-
nificance of aortoiliac stenoses under conditions of stress 
that require increased blood flow through these vessels. 
A systolic pressure gradient across the lesion of more than 
15 mmHg is considered hemodynamically significant.

The complication rate of arteriography in the general pop-
ulation is only 1.7–3.3% [13]. Elderly patients with severe 
aortoiliac or infrainguinal disease must be carefully evaluated 
before the procedure, as local and systemic complications are 
more likely than in the general population. The transfemoral 
approach is the safest, but other options (e.g., translumbar, 
transbrachial, or transaxillary approach) may have to be used 
for patients with weak or nonpalpable femoral pulses. These 
alternative approaches have higher local complication rates. 
Complications include hematomas, pseudoaneurysms, dis-
sections, thrombosis, and embolization.

Renal insufficiency is an important complication of angiog-
raphy. Renal impairment associated with contrast agents 
occurs in 6.5–8.2% of patients who undergo arteriography [14, 
15]. Patients with preexisting azotemia and a baseline serum 
creatinine level >2.0 mg/dl are at the highest risk of renal com-
plications after angiography. Elderly patients have a low crea-
tinine clearance rate for a given serum creatinine level, so they 
should always be considered at high risk for nephrotoxicity. 
All possible precautions must be taken to limit the renal insult. 
The use of low osmolar contrast agents has been shown by 
some to decrease the incidence of renal impairment [16, 17], 
but these findings are not universal [18]. Adequate hydration 
prior to arteriography is an effective maneuver to diminish the 
risk of contrast nephropathy. Mannitol is used for its osmotic 
diuretic effect to help prevent contrast toxicity. Vasodilators 
such as dopamine have also been used because the nephro-
toxic effect of contrast agents is considered to be partly due to 
intrarenal vasoconstriction. Dopamine has been shown to be 
better than mannitol for preventing contrast-related renal insuf-
ficiency [19]. Unfortunately, many elderly patients have 

Figure 54.3  Utility of CTA in diagnosis of PAD. CTA shows occlusion of left common femoral artery and superficial artery. (a) Two-dimensional 
coronal reconstruction. (b) Three-dimensional reconstruction.
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moderate to severe cardiac disease, and aggressive hydration 
may lead to congestive heart failure, cardiac ischemia, and 
arrhythmias. In addition, the use of dopamine may lead to car-
diac complications. Careful hydration and judicious use of 
mannitol, dopamine, and contrast agents can decrease the inci-
dence of renal impairment associated with arteriography.

Therapeutic Management

Medical management of PAD focuses on lifestyle modifica-
tion to reduce risk factors for progression of atherosclerotic 
disease. These include smoking cessation, addition of a lipid 
lowering agent such as a statin, antiplatelet therapy, and 
increased daily exercise, as well as supervised exercise 
classes. Conservative management is invariant for all patients 
regardless of age. When it has become evident that medical 
therapy has failed, surgical and/or interventional approaches 
become the mainstay of treatment.

Elderly patients with mainly aortoiliac occlusive disease 
rarely require an intervention. Patients with claudication 
should be treated initially by maximizing the management of 
the known risk factors for the development of atherosclero-
sis, an exercise or walking program, and the use of poten-
tially helpful oral agents such as pentoxifylline. The small 
group of patients with severe, debilitating claudication that 
has failed the initial treatment protocol generally request an 
intervention. In addition, patients who present with limb-
threatening ischemia secondary to multilevel occlusive dis-
ease should be considered for intervention.

Acute Thromboembolic Disease

Severe forms of acute ischemia typically result from embolic 
occlusion of a previously patent vessel. Sources of embolism 
are typically of a cardiac nature but can also originate from 
aneurysms and proximal arteries. Occlusion of a vessel from 
progressive growth of a thrombus is more gradual and allows 
for development of collateral vessels. Therefore, chronic 
occlusive disease typically results in less severe ischemia 
and pain compared to acute disease.

Acute arterial ischemia presents similarly in elderly and 
younger patients with early neurological signs including 
pain, weakness, pallor, paresthesias, and lastly pulselessness 
in affected extremities (Table 54.1). Pain is the most com-
mon complaint, and numbness of the web space between the 
first and second toes is the earliest neurologic sign of isch-
emia. Extremities are relatively resilient to ischemic condi-
tions for up to 5–6 h, after which irreversible damage may 

occur. However, elderly patients may be reticent to complain 
and as such may present at a later stage of disease.

Systemic anticoagulation with intravenous heparin will 
prevent propagation of either the embolus or thrombus distal 
to the site of occlusion resulting from stagnant flow. A tradi-
tional angiogram or a CT angiogram can be performed to 
determine the area of occlusion. Once the location is known, 
early revascularization is often indicated to salvage the 
extremity. This can be accomplished by either surgical inter-
vention and placement of a bypass graft, such as femoral-
popliteal bypass, or through endovascular techniques for 
patients who may not be operative candidates or otherwise 
have amenable anatomy.

Chronic Occlusive Disease

Claudication rarely indicates a risk for limb loss and typi-
cally responds to lifestyle modifications. Conversely, rest 
pain represents critical ischemic disease in which blood flow 
is insufficient even for basal metabolism. Rest pain occurs in 
the dorsum of the foot and is increased in intensity when the 
limb is elevated and resolves with dangling the affected limb, 
allowing gravitational forces to assist perfusion. Additional 
signs of markedly decreased blood flow include loss of hair, 
thinning skin, and muscle wasting. Rest pain represents the 
presence of critical ischemia, similar to gangrene and non-
healing ulcers; thus, the patient with rest pain should be eval-
uated for revascularization expeditiously.

PAD: Surgical Intervention

Femoral-popliteal bypass is usually performed for limb-
threatening ischemia or severe, lifestyle-limiting claudica-
tion. Numerous reports have documented that elderly patients 
more frequently require surgery for limb-threatening isch-
emia, with operative urgency, than for claudication alone. 
Autologous saphenous vein remains the conduit of choice, 
with polytetrafluoroethylene (PTFE), dacron, and human 
umbilical vein being the most common prosthetics used 
when autologous vein is not available.

Table 54.1  Signs of acute arterial ischemia

Pain
Paralysis
Pallor
Paresthesia
Pulselessness
Poikilothermia
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Outcomes of femoral-popliteal bypass graft placement 
in elderly patients are reviewed in Table 54.2. Two studies 
provide good evidence that elderly patients undergo femoral-
popliteal bypass with patency at least equivalent to, and pos-
sibly even better than, that achievable in younger patients. 
In a multicenter, randomized trial comparing prosthetic 
grafts used in above-knee bypass, Green et al. reported that 
the type of prosthetic graft has little effect on outcome, but 
patients over 65 years old had significantly greater 5-year 
graft patency compared with younger patients (55% vs. 
36%) [20]. Similarly, Lau et al. reported improved 5-year 
vein graft patency in patients over 70 years of age compared 
with patients less than 70 years of age (82% vs. 72%) [21]. 
All studies reported excellent limb salvage in elderly 
patients [20–24].

Outcome after more distal infrageniculate bypass surgery 
is similarly favorable in the elderly. Hearn et al. reported in a 
retrospective cohort series that patients ³70 years of age had 
5-year primary and secondary graft patency rates of 61 and 
74%, respectively, which was similar to patients under the 
age of 70 years who had rates of 76 and 79%, respectively 
[25]. Similarly, excellent results of case series have been 
reported [26, 27].

We believe that if an elderly patient faced with a need for 
limb salvage can tolerate the perioperative mortality and 
morbidity risk of the cardiovascular stress of the procedure, 
the limited evidence available favors an aggressive approach 
to bypass surgery. However, the minimally invasive nature of 
endovascular procedures and their overall efficacy in short-
term reports have led many authors to advocate for this ther-
apy primarily in elderly patients.

Endovascular

The use of percutaneous transluminal balloon angioplasty 
(PTA) for the treatment of aortoiliac occlusive disease and 
superficial femoral arterial disease, with or without the use of 
intravascular stents, has flourished over the past decade. 
Multiple series in the literature have described a variety of 
factors that can affect the long-term results of iliac angioplasty 

and are now known to be applicable to balloon angioplasty in 
general (Table  54.3). Predictors of a long-term successful 
outcome after balloon angioplasty include the location of the 
lesion (common iliac lesions respond better than external 
iliac artery lesions), indication for therapy (patients with 
claudication respond better than those with limb-threatening 
ischemia), severity of the lesion (arterial stenoses respond 
better than arterial occlusions), and arterial runoff distal to 
the lesion (lesions with good runoff respond better than those 
with poor runoff).

A recent Italian study has reported the results of 37 elderly 
patients aged 80–89 with critical limb ischemia at high risk 
for surgery; 102 lesions were treated with PTA [28]. The 
overall technical success was 84%; however, 85% of patients 
had reocclusion within 1 year. Despite this high rate of rest-
enosis and reocclusion, complete or partial wound healing 
was achieved in 80%, and rest pain was improved in 57% of 
patients, achieving a total limb salvage rate of 74% [28]. The 
authors suggest that even temporary vascular patency after 
PTA enables adequate wound healing in elderly patients, rec-
ommending a primary endovascular approach. Similar results 
were found in an Israeli study [29]. Most recent series simi-
larly report excellent limb salvage despite low primary pat-
ency as assisted primary and secondary patency rates are 
excellent [30].

Early reports on the results of angioplasty supported the 
use of stents after angioplasty failures, dissections, or more 
complex lesions to improve the results of iliac artery inter-
ventions. The role of stenting after angioplasty remains 
controversial, with some authors recommending primary 
stenting and others advocating a more selective approach. 
We have found that high-risk patients, including elderly 

Table 54.2  Outcome of femoral-popliteal bypass grafts in elderly patients

Trial 
(Reference) Year

Level of  
evidence

Randomized 
patients (n)

Intervention/ 
design

Median  
follow-up Minor end point

Major end  
point Age

Interpretations/
comments

[20] 2000 1b 240 Randomized 
multicenter

21 Months Graft thrombosis Death ³65 5-year patency 55%

[21] 2001 2b 349 Retrospective  
cohort series

3 Years Limb salvage Graft patency >70 5-year patency 82%

[22] 1986 4 168 Case series – Graft thrombosis Death ³80 3-year patency 62%

[23] 1987 4   46 Case series 41 Months Graft thrombosis Death ³80 83-year patency 78%

[24] 1989 4   50 Case series – Graft thrombosis, 
limb salvage

Death ³80 3-year limb  
salvage 80%

Table 54.3  Predictors of success after balloon angioplasty

Larger artery
Shorter lesion
Less severe clinical indication (claudication vs. critical limb  

ischemia)
Less severe degree of stenosis (stenosis vs. occlusion)
Excellent runoff distal to lesion (excellent vs. compromised)
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patients, have excellent results after stent placement in the 
superficial femoral artery [31].

Numerous additional variations on the basic angioplasty 
theme are currently being evaluated in patients with PAD, 
including elderly patients. Some of these options include: (1) 
subintimal angioplasty, in which the wire is intentionally 
placed in a dissection plane in the arterial media, to assist 
crossing of otherwise difficult lesions; (2) remote endart-
erectomy/plaque excision, in which the plaque is shaved off 
layers at a time; (3) laser atherectomy, in which a laser is 
used to destroy the plaque; (4) orbital atherectomy, in which 
a diamond-coated crown rotates to “sand away” plaque; (5) 
cryoplasty, the use of liquid nitrogen to inflate the angio-
plasty balloon, simultaneously freezing the plaque; (6) cut-
ting balloon, in which fine microtomes are placed on the 
balloon to limit dissection and promote expansion of calci-
fied plaques; (7) resorbable stents, in which a stent is placed 
that is absorbable with time; (8) covered stents, in which a 
totally endovascular endoluminal “bypass” can be per-
formed; and (9) drug-eluting stents, in which pharmacologi-
cal agents that prevent restenosis are delivered from the stent. 
None of these adjunctive therapies has been convincingly 
found to have long-term benefits at this time, in any group of 
patients, let alone elderly patients. It is likely that additional 
technologies will be developed and evaluated in the future, 
and the continued proliferation of these advances, coupled 
with the desire to treat patients with the latest advances, will 
continue to prevent timely randomized prospective studies of 
these endovascular technologies.

The Columbia group recently has reported its results of 
plaque excision using the Silverhawk atherectomy device 
[32]. 579 lesions in 275 patients, with a mean age of 70 years, 
were treated; 37% were claudicants, and 63% had critical 
limb ischemia. The authors reported 18-month primary pat-
ency of 53%, and secondary patency of 75%; limb salvage 
was 92% [32]. These excellent results require confirmation 
from additional groups, as results in younger cohort groups 
are not so optimistic.

Similarly, the Below-the-Knee Chill Study reported its 
initial experience with Cryoplasty (cold balloon angio-
plasty). 108 patients with a mean age of 73 years, present-
ing with critical limb ischemia, were treated and followed 
for 6 months; there were six major amputations (6.6%) and 
five deaths; amputation-free survival was 89% [33]. 
However, in a group of 64 patients with a mean age of 81 
years, Samson reported only 38% freedom from restenosis 
at 24 months and an extra $1,700 cost per procedure for 
cryoplasty, suggesting that this therapeutic modality is not 
cost-effective [34].

We believe that a balanced approach is needed when 
infrapopliteal angioplasty is required. Restenosis, reinter-
vention, and amputation are high after tibial angioplasty per-
formed for critical limb ischemia, although an attempt at 
PTA is often indicated; excellent limb salvage rates may be 

obtained with careful follow-up and reintervention when 
necessary, including surgical bypass [35].

Stem Cell Therapy

The use of autologous stem cells for patients with unrecon-
structable ischemia is being explored. Initial results have 
described both bone marrow-derived as well as circulating 
peripheral blood-derived stem cell isolation; these stem 
cells are then reinjected into the ischemic leg to promote 
angiogenesis and arteriogenesis, resulting in relief of rest 
pain, healing of ulcers, and limb salvage [36, 37]. However, 
randomized trials have yet to confirm these exciting reports, 
preventing widespread usage of this technology to date. 
The use of stem cell therapy in elderly patients is not intui-
tive, as elderly patients may have reduced stem cell num-
bers, function, quality, and ability to isolate these cells from 
the marrow or circulation, compared to younger patients. 
Nonetheless, stem cell therapy may be an exciting alterna-
tive therapy for patients without other options, and its mini-
mally invasive nature is especially appealing to elderly 
patients.

Chronic Visceral Ischemia

Progressive atherosclerotic stenosis and occlusion of the 
visceral arteries is often asymptomatic but ultimately can 
result in end organ damage to either the kidneys or the 
bowel. Renal artery stenosis is a relatively less common 
location for atherosclerotic lesions compared to the usual 
peripheral and cardiac locations; a renal artery stenosis 
greater than 60% may stimulate the kidney to release renin 
into the bloodstream, resulting in brittle hypertension. This 
affects 6.8% of patients older than 65 years [38]. 
Renovascular hypertension, however, is associated with 
increased risk of adverse coronary events in these patients 
[38]. If medical management fails, traditional surgical 
revascularization has excellent results; Benjamin et  al. 
reported that age ³60 was not a risk factor for mortality after 
renal artery bypass [39]. However, percutaneous angioplasty 
with placement of endoluminal stents is currently the most 
common procedure performed. Success rates of 65–80% 
and restenosis rates of 11–17% have been reported for the 
general population [40–42]. A French group found renal 
artery angioplasty to reduce by 60% the number of patients 
requiring two or more medications for blood pressure con-
trol [43]. However, this study excluded patients over the age 
of 75, and its findings have not been verified in the elderly 
population. The Wake Forest group reported its results of 
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110 renal artery angioplasty/stent placements in 99 patients, 
with a mean age of 69 years; the glomerular filtration rate 
was improved in only 28%, and the number of antihyperten-
sive agents decreased modestly (3.3 ± 1.2 versus 3.1 ± 1.3 
postintervention, P = 0.009) [42].

Asymptomatic celiac trunk or mesenteric artery stenosis 
is common, present in 17.5% of the population over 70 years 
of age, but was not associated with increased mortality [44]. 
Chronic mesenteric ischemia, resulting in intestinal angina, 
is thought to be associated with progression of disease 
beyond a single vessel and/or loss of collaterals. Acute occlu-
sion of blood flow to the bowel by an embolic source can be 
a catastrophic event to the elderly patient and is associ-
ated with high mortality. Nonocclusive acute occlusion typi-
cally occurs in the critically ill and elderly who have low 
cardiac output states combined with diffuse mesenteric 
vasoconstriction.

Options for surgical correction of mesenteric stenoses or 
emboli include percutaneous angioplasty, stent placement, 
endarterectomy, and bypass procedures, all with limited suc-
cess. Mesenteric artery endarterectomy and bypass is gener-
ally reported to be a safe and durable surgical procedure in 
patients with good surgical risk; operative mortality is typi-
cally <5% in elective cases. However, increased mortality is 
associated with age as well as renal insufficiency, suggesting 
a role for minimally invasive therapy in elderly patients [45].

Brown et  al. [46] retrospectively analyzed 14 patients 
with a mean age of 73 years, having undergone mesenteric 
angioplasty and stent placement. This group reported a high 

early restenosis rate resulting in 53% of patients requiring 
reintervention within the 13-month follow-up period. 
However, 93% of patients remained symptom-free at the 
conclusion of the study [46]. Similarly, high symptom-free 
rates have been reported with mesenteric artery reconstruction, 
80% at 5 years and 60% at 10 years [47]. Given these excel-
lent functional results, mesenteric artery angioplasty with 
stent placement can be reasonably recommended for patients 
with limited life expectancy; however, surgical artery recon-
struction remains the treatment of choice for patients with 
average life expectancy.

Summary

Vascular surgery is stressful in all patients and certainly in 
the elderly. Larger operations such as aortobifemoral bypass 
have increased perioperative morbidity and mortality that all 
patients with extensive comorbidities, such as many elderly 
patients, have difficulty tolerating with ease. For these physi-
ologically elderly patients, minimally invasive approaches 
such as PTA, without or with stent placement, may be benefi-
cial; long-term results may or may not be beneficial in this 
group of patients with limited life expectancy. On the other 
hand, the technically proficient conduct of most high-risk 
vascular surgical procedures, with aggressive pre-, intra-, and 
postoperative medical optimization, allows safe application 
to elderly patients [48]. Operations that are more limited in 

Case Study

An angiogram that you perform shows mild disease in 
the superficial femoral artery as well as severe proximal 
tibial disease; the dominant runoff vessel to the foot is 
the anterior tibial artery (Fig. 54.4). The patient’s cardi-
ologist believes that he is at moderate risk for procedures, 
but if beta-blockers are given perioperatively, no addi-
tional preoperative testing needs to be performed.

The patient is taken to the operating room where the 
superficial artery disease (Fig. 54.5a) is treated with both 
cryoplasty (Fig.  54.5b, c) as well as a 5  mm × 30  mm 
stent (Fig. 54.5d, e). The outflow disease is treated by an 
SFA-anterior tibial bypass using the ipsilateral vein.

After a 1-week postoperative recovery, the patient 
was able to be discharged to home, with a visiting nurse 
to monitor the healing toe. Follow-up at 3 months showed 
that the toe ulcer healed completely, and the patient was 
able to resume independent living.

Figure  54.4  Angiogram showing: (a) mild superficial femoral  
disease, (b) severe proximal tibial disease.

(continued)
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scope, producing less physiological disturbance, are usually 
well tolerated by elderly patients. For example, carotid endar-
terectomy provides stroke-free survival benefit, and periph-
eral bypass surgery provides limb salvage; these procedures 
should not be denied to patients on the basis of age alone.
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Cerebrovascular disease, specifically stroke, continues to 
increase despite improvements in the treatment and outcomes 
of cardiovascular disease in general. Many believe that the 
development of cerebrovascular atherosclerosis is simply a 
normal consequence of aging, as the incidence of stroke 
increases with age, rising almost sevenfold between the ages 
of 55 and 85 [1]. Despite a better understanding and advances 
in medical management, cerebrovascular disease remains the 
third leading cause of death in the United States [2]. It is 
therefore not surprising that carotid endarterectomy remains 
one of the most common peripheral vascular operations done 
in the United States [3]. Current estimates suggest that the 
population over the age of 65 will more than double by the 
year 2050 [4], by which time the likely increase in cerebro-
vascular disease will result in a marked impact on medical 
care. The correct and cost-effective management of cerebro-
vascular disease is therefore increasingly important as the 
population ages.

Cerebral infarction can be caused by intracerebral hemor-
rhage or embolic disorders. Although hemodynamic flow 
limitations can occur, flow-related cerebral ischemia is rare. 
Previous studies have suggested that about 60% of cerebro-
vascular events originate with atherosclerotic disease outside 
the heart [5]. Thus, most embolic strokes should be prevent-
able if the extracranial vascular disease can be diagnosed and 
treated prior to an irreversible cerebrovascular event. This 
intervention may be as simple as limiting plaque growth with 
medical management once carotid disease is discovered, or it 
may require complex reopening of the arterial supply with 
surgical or endovascular techniques. Stroke prevention 
requires not only modification of risk factors for atherosclero-
sis but also appropriate selection of patients for intervention 
prior to the occurrence of a limiting cerebrovascular event.

Risk factor modification in those with atherosclerosis is 
an area of intense, ongoing investigation and review. 

Traditional risk factors for atherosclerotic disease such as 
smoking [6], hypertension [7], and diabetes [8] remain sig-
nificant for patients with extracranial atherosclerosis. 
Research suggests that other risk factors such as elevated 
homocysteine [9] and low-density lipoprotein (LDL) choles-
terol [10–12] may be important in lowering the ultimate risk 
of stroke. Elevated homocysteine levels in the bloodstream 
have been implicated in numerous atherosclerotic disease 
processes [13, 14]. Whereas homozygous individuals with a 
deficiency of enzymes to metabolize homocysteine often die 
at a young age secondary to coronary disease [15], heterozy-
gous individuals maintain function but appear to have an 
increased tendency to develop atherosclerosis. The manage-
ment of these elevations is relatively simple, as three induc-
ible enzyme systems allow breakdown of homocysteine into 
safer metabolites. These inducible systems increase their 
activity in response to folate, vitamin B

6
, and vitamin B

12
, 

respectively. While it remains simple to replace these vita-
mins, multiple studies have shown no benefit in cardiovascu-
lar disease prevention [16, 17].

The cholesterol saga has been a fundamental issue with 
respect to coronary disease for years. Cholesterol has tradi-
tionally been linked to coronary atherosclerosis [18] but has 
also been implicated strongly in cerebrovascular disease 
[19]. Whereas atherosclerotic plaque initiation is little influ-
enced by cholesterol levels, progression of plaque already 
in place is clearly accelerated by elevated cholesterol levels. 
Evidence suggests that the reduction of cholesterol using 
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
reductase inhibitors, even in individuals with normal levels, 
may lower the risk of subsequent cardiac events [20]. The 
CARE trial demonstrated a 31% reduced incidence of stroke 
with the use of pravastatin in patients with previous myo-
cardial infarction [21]. The largest trial thus far is the Heart 
Protection Study, which showed a significant reduction in 
stroke/TIA on patients taking simvastatin versus placebo. 
When evaluating all cardiovascular end points, a relative 
risk reduction of 23.6% was achieved [22]. The SPARCL 
trial took patients with recent stroke or TIA and random-
ized them to atorvastatin or placebo. The stroke rate for the 
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placebo group was 13.1% versus 11.2% for the treatment 
group (RRR 2.2%). The absolute risk reduction for major 
cardiovascular events was 3.5%. When examining the sub-
set of patients with carotid stenosis in the SPARCL trial, 
atorvastatin was associated with a 33% reduction in the risk 
of any stroke, and the need for carotid revascularization was 
reduced by 56% [23, 24]. These and multiple other studies 
have proven that statins are clearly beneficial in stroke pre-
vention and should be used in all patients with carotid 
disease.

Antiplatelet therapy is another very important tool when 
managing cerebrovascular disease. Multiple trials have shown 
the benefit of aspirin in stroke prevention. The International 
Stroke Trial showed a reduction of reinfarction rate within 2 
weeks of an ischemic stroke in patients treated with aspirin 
[25]. In the CAST study, those patients treated with aspirin had 
a 12% RRR for stroke and death in the 4 weeks following acute 
stroke [26]. Several recent studies have evaluated the role of 
clopidogrel in stroke prevention. The Clopidogrel Versus 
Aspirin in Patients at Risk of Ischemic Events Trial (CAPRIE) 
concluded that clopidogrel was slightly superior to aspirin in 
stroke prevention on patients with generalized atherosclerosis 
(8.7% RRR) [27–29]. This risk reduction is even higher 
(22.7%) in patients with disease in multiple vascular beds. The 
effects of aspirin alone versus aspirin and clopidogrel were 
evaluated in the CHARISMA trial [30, 31]. CHARISMA ran-
domized patients with cardiovascular disease or multiple risk 
factors to either aspirin or aspirin and clopidogrel and looked 
at myocardial infarction, stroke, or death as the primary end 
point. The risk of future ischemic events in the aspirin group 
was 7.3% versus 6.8% for the dual therapy group. The relative 
risk reduction of 0.93 was not statistically significant. The 
RRR for symptomatic patients was statistically significant at 
12% (p = 0.046). Antiplatelet agents are proven of benefit to 
patients with proven stroke and should therefore be prescribed 
to all patients with carotid artery disease. Aspirin at either low 
or high dose is adequate for most patients, but clopidogrel 
should be considered in some situations, particularly in those 
patients with atherosclerotic disease in multiple vascular beds.

Early prospective randomized trials evaluating carotid 
treatments relied on a “Best Medical Management” arm for 
comparison to surgical treatment. While the standards of 
medical management at the time of these trials were quite 
different than today, best medical management today 
includes the use of statin therapy, antiplatelet agents, and 
other medical agents that were not available for routine use 
during previous trials. Clearly, physicians have become 
much better at slowing the progression of atherosclerotic 
disease with many new modalities not previously available. 
As a result, many observers question the comparisons pre-
viously used; current best medical therapy may be signifi-
cantly better than that used for the trials and therefore raise 
questions as to whether or not the conclusions of the trials 

remain valid in the current era. For this reason, historical 
controls are probably insufficient to determine outcomes 
for care. Newer trials have included new medical manage-
ment arms whenever possible. Eventually, medical man-
agement should be effective at preventing progression of 
atherosclerotic disease; until that time, the medical man-
agement standard will be slowly drifting toward overall bet-
ter outcomes.

Pathophysiology

Atherosclerotic disease begins early in life as plaque initia-
tion starts in areas at risk for atherosclerotic degeneration 
[32, 33]. Most atherosclerosis is well explained by this 
mechanism, although some fundamental contradictions 
remain. If atherosclerosis is a progressive degenerative dis-
ease, it would be reasonably expected that its incidence 
would continue to increase with increasing age. Indeed, this 
appears to be true for cerebrovascular disease, but it is dis-
tinctly contrary to existing data relative to both coronary [34] 
and iliac [35] disease. In those distributions, a plateau occurs 
in the incidence of atherosclerosis, with decreasing incidence 
of disease once a certain age is reached. The explanation for 
this discrepancy is complex, and whether there is a real pla-
teau in disease progression in these anatomic areas or whether 
a selection bias exists remains unclear. What data are avail-
able suggest that no such plateau exists for cerebrovascular 
disease, with the incidence of disease increasing with increas-
ing age [35, 36]. Additionally, the increased incidence of 
cerebrovascular disease further explains the resultant 
increased incidence of stroke with increasing age [37].

The atherosclerotic plaque of cerebrovascular disease is no 
different from that associated with coronary or peripheral vas-
cular disease. The initiating event appears to be the develop-
ment of a lesion on the intimal surface of the artery, particularly 
in areas of low shear stress [38]. The carotid bifurcation has 
been studied extensively, as plaque formation in this distribu-
tion is more anatomically consistent than that seen in most 
other locations. Essentially, the bifurcation of the carotid 
artery generates an area of high velocity (and therefore high 
shear stress) at the septum between the external and internal 
carotid arteries and an area of low shear stress at the bulb of 
the internal carotid artery opposite the bifurcation. In fact, 
with the advent of color flow duplex ultrasonography, this 
area of flow separation and reversal can be easily defined in 
normal individuals. The flow phantom models of shear-related 
atherosclerosis have been best defined in this anatomic loca-
tion. These models clearly demonstrate the areas of flow sep-
aration and resultant flow reversal opposite the bifurcation, 
where atherosclerosis is found consistently. Therefore, flow 
patterns at the carotid bifurcation appear to be important in 
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the initiation and progression of atherosclerotic plaque in the 
cerebrovascular system.

A second issue associated with atherosclerotic plaque 
progression is the concept of intraplaque hemorrhage 
(Fig. 55.1). With coronary artery disease, intraplaque hemor-
rhage is a well-accepted mechanism of sudden plaque pro-
gression associated with an acute myocardial event. Similarly, 
carotid atherosclerosis has been studied extensively relative 
to plaque morphology and intraplaque hemorrhage. The 
small blood vessels that traverse the complex intimal plaque 
of mature atherosclerosis are subject to significant hemody-
namic effects, resulting in an increased risk of vessel rupture, 
with attendant intraplaque hemorrhage. Recently, new tech-
niques in high-resolution ultrasound using intravenous ultra-
sound contrast have demonstrated this neovascularization of 
the plaque, suggesting that these images may predict which 
plaques are vulnerable [39–41]. The concept of plaque 
vulnerability becomes important when trying to predict 
which lesions are likely to progress and potentially cause 
symptoms. The association of intraplaque hemorrhage with 
increasing stenosis has been well documented [42]. 
Additionally, there has been a significant association of intra-
plaque hemorrhage with symptomatic carotid stenosis [43–
46]. In this instance, the presence of subintimal hemorrhage 
results in intimal ulceration and embolization of residual 
intraplaque clot and debris, producing the characteristic 
microemboli associated with transient ischemic attacks 
(TIAs) [47]. Thus, intraplaque hemorrhage is associated with 
the severity of stenosis as well as the symptoms, suggesting 
that intraplaque hemorrhage may be the link between degree 
of stenosis and the incidence of symptoms. As a result, pre-
diction of which plaques have an increased risk of intra-
plaque hemorrhage becomes important for both surveillance 
and asymptomatic intervention.

The origin of symptoms related to carotid atherosclerosis 
has not always been well defined. According to the hemody-
namic theory, the symptoms associated with carotid stenosis 
were related to flow limitations and resultant cortical isch-
emia. In contrast, the embolic theory held that degeneration of 
the atherosclerotic plaque resulted in microemboli, and clot 

formation caused macroemboli and stroke. The stumbling 
block for the embolic theory was the recurrent nature of 
similar symptoms with repeated episodes of transient isch-
emia. If a second TIA occurred, it was often with the same 
symptoms as seen during the previous attacks. How embolic 
debris could produce such repetitive symptoms was unclear. 
Two landmark studies served to resolve the conflict. First, the 
hemodynamics was evaluated by Kendall and Marshall [48]. 
In this study, patients with TIAs were subjected to pharmaco-
logically induced hypotension. As the blood pressure was 
decreased, the patients were monitored for neurologic changes. 
None of these patients developed symptoms when their mean 
blood pressure was decreased significantly. Therefore, hemo-
dynamic causes of transient ischemia seemed less likely [49].

The second study that ended the hemodynamic-embolic 
controversy was performed by Millikin at the Mayo Clinic 
[50]. In this study, baboons were anesthetized, and needles 
were inserted into the carotid flow. Small metallic beads 
were injected via these needles, and the brains were evalu-
ated for the ultimate location of the beads. In a classic illus-
tration from that study, the brain of one of the baboons was 
seen to have six beads lined up in the middle cerebral artery 
(Fig. 55.2). The insertion of the beads at a specific point in 
the flow resulted in emboli at a specific destination deter-
mined by the laminar flow patterns in the artery. In other 
words, the origin of the embolus determined its ultimate rest-
ing point. Thus, in one clear demonstration, the issue of 
recurrent symptoms resulting from multiple embolic events 
was resolved, confirming the embolic theory to be the best 
explanation for both TIAs and strokes [51, 52].

Given this evolution, the issue of hemodynamics has 
become a secondary issue in symptomatic cerebrovascular 
disease. Nonetheless, although certain patients clearly have 
flow compromise as an etiology for symptoms, their definition 

Figure  55.1  Intraplaque hemorrhage associated with high-grade 
carotid stenosis.

Figure 55.2  Experimental demonstration of repetitive embolizations. 
In this baboon brain, embolization of metal spheres lodged in the same 
arterial segment with each sequential injection.
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remains difficult. Anatomic studies have demonstrated that 
the circle of Willis, the traditional anatomic structure respon-
sible for flow redistribution at the base of the brain, is incom-
plete in at least 25% of patients [53, 54]. With an incomplete 
circle of Willis, blood flow may be limited in its redistribution, 
resulting in areas of potential underperfusion. With additional 
atherosclerotic obstruction of the cerebral vessels, collateral 
flow may be compromised because of one of these congenital 
abnormalities in the circle of Willis. With a complete circle of 
Willis, normal anterior (carotid) circulation equates with nor-
mal posterior perfusion, even in the absence of native verte-
bral flow. In contrast, if one or both posterior communicating 
arteries are absent, vertebral or basilar artery disease may 
result in posterior circulation symptoms with completely nor-
mal anterior circulation. Given the frequency of abnormalities 
in the circle of Willis, maldistribution of flow is certainly pos-
sible in the setting of severe carotid or vertebral artery stenosis 
or occlusion.

Hemodynamic issues remain important when discussing 
watershed ischemia. Watershed ischemia occurs when perfu-
sion to a segment of the brain is limited hemodynamically to 
a level below the blood flow necessary to maintain cell 
integrity. Infarctions then occur at the junction between two 
blood supplies, the so-called watershed zones. Watershed 
ischemia remains a topic of some controversy, but its occur-
rence remains ill-defined and sporadic. The classic scenario 
for watershed infarction due to underlying hemodynamic 
compromise occurs most commonly with open heart surgery 
using cardiopulmonary bypass. If a critical stenosis or occlu-
sion is present, the diminished perfusion associated with the 
nonpulsatile, limited pressure flow of the heart–lung machine 
can produce watershed infarction in an area at risk. Carotid 
endarterectomy or carotid stenting prior to or simultaneous 
with coronary artery bypass surgery is done in an attempt to 
prevent these watershed infarctions [55–57].

The possibility of hemodynamic flow disturbance is rein-
forced by the occurrence of reperfusion syndromes after cor-
rection of severe carotid stenoses. In this scenario, the severe 
upstream stenosis results in the loss of autoregulation in the 
downstream cerebrovascular bed, with localized brain edema 
and risk of intracerebral hemorrhage resulting from reperfu-
sion [58, 59]. Clearly, this loss of autoregulation represents a 
flow-limited response to a hemodynamically significant 
stenosis [60]. The difficulty is that flow-related ischemia is 
diffuse rather than focal, and evaluation of flow limitation is 
difficult with conventional intracranial imaging. Nonetheless, 
positron emission tomography has provided a window into 
overall brain blood flow and metabolism [61] and provides 
experimental insights into the frequency of flow limitation in 
the clinical setting. For the present, however, the basis for 
diagnosis and treatment of cerebrovascular disease focuses 
on the presence of a potential embolic focus, rather than on 
any potential for cerebrovascular flow limitation.

Diagnosis

Diagnostic testing in patients with cerebrovascular disease is 
essentially limited to two major areas: extracranial arterial 
imaging and intracranial arterial imaging. Each plays a fun-
damental role in the assessment of patients for carotid inter-
vention. Because cerebral revascularization is focused on the 
extracranial carotid and vertebral arteries, arterial imaging is 
most important in these locations. Intracranial arterial imag-
ing remains important, but its role continues to evolve as new 
modalities and technologies become available.

Anatomic definition in extracranial cerebrovascular dis-
ease is limited to two fundamental testing modalities: color 
duplex ultrasonography and arteriography. Each of these 
modalities has significant advantages and disadvantages, 
requiring more complete definition of their utility. Color 
duplex ultrasonography is a noninvasive technique for evalu-
ating blood flow in any location accessible to an ultrasound 
beam (Fig. 55.3). The carotid and vertebral circulations were 
the initial focus of vascular ultrasonography development 
and remain the test bed for ongoing research in ultrasono-
graphic diagnosis. Consistent visualization can be achieved 
in this location, resulting in reproducible diagnostic assess-
ment of the severity and pattern of stenosis. Estimation of the 
degree of stenosis is based on several criteria, including peak 
systolic velocity, internal carotid/common carotid velocity 
ratios, and end-diastolic velocity. The most widely used cri-
teria remain those of Strandness [62]. These criteria were 
developed to define percentage narrowing of the carotid bulb 
and have been verified in studies involving both angiographic 
and pathologic correlates [63]. Today, most carotid interven-
tions are performed based on the data gathered from duplex 
ultrasound. It is also the standard to follow asymptomatic 
carotid stenosis with duplex ultrasound alone.

Figure 55.3  Duplex assessment of carotid using power Doppler.
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The arteriographic assessment of cerebrovascular disease 
has remained essentially unchanged since the first cerebral 
angiogram by Moniz in 1927 [64]. Angiography results from 
injection of a radiopaque tracer intraluminally followed by 
exposure of an X-ray film or with use of a digital image 
intensifier. The choice of tracer today is usually a newer low 
osmolar nonionic contrast that has both lower incidence of 
allergic reactions and lower direct tissue toxicity. While tra-
ditional angiography involved X-ray film, currently, digital 
image processing techniques are used which not only lower 
radiation dose and contrast load but also provide archival 
images for digital storage (Fig.  55.4). While some institu-
tions routinely use angiography for the diagnosis of cerebro-
vascular disease, many institutions have evolved to 
intervention based on ultrasound alone. As a result, angio-
graphic diagnosis of cerebrovascular disease has faded, only 
to be somewhat revived by its use as a basis for carotid stent-
ing. No specific combination of techniques dominates the 
arteriographic diagnosis of cerebrovascular disease, and 
institutional experience is more important than perceived 
advantages of one technique over another.

The diagnosis of atherosclerosis by arteriography 
requires documentation of intraluminal narrowing of the 
involved artery viewed in two planes. Because angiography 
is fundamentally a two-dimensional technique and athero-
sclerosis is three-dimensional, the assessment of luminal 

narrowing requires perpendicular perspectives to state the 
degree of narrowing accurately. Measurement of internal 
carotid narrowing has traditionally been a calculation of the 
minimum residual lumen relative to an estimated arterial 
diameter in the carotid bulb. This estimation of the carotid 
bulb diameter is subject to interpretation and often results in 
overestimation of the degree of luminal narrowing. 
Fundamentally, the significance of any carotid stenosis 
resides in the degree of luminal encroachment relative to the 
outflow arterial diameter. This approach was first applied to 
the assessment of arteriographic diameter reduction in the 
NASCET trial [65] and subsequently was used for the 
Asymptomatic Carotid Atherosclerosis Study (ACAS) [66] 
as well. Currently, minimum residual lumen is compared to 
outflow arterial diameter for calculating the degree of steno-
sis. This technique is utilized both in ultrasound as well as 
an angiographic imaging. Angiography today is generally 
not necessary before surgery; it is most commonly used 
before a carotid stent or if the duplex ultrasound findings are 
unclear.

The earliest form of evaluation for intracranial pathology 
was the use of computed tomography without intravenous 
contrast [67]. While this new technology was revolutionary 
in its days, it was limited by the lack of vascular definition, 
ultimately necessitating IV contrast to define the limits of the 
vessels within the cerebral circulation. The addition of intra-
venous contrast to conventional CT imaging of the head and 
neck allowed not only the definition of intracranial parenchy-
mal pathology but also the potential for vascular anatomic 
definition (Fig.  55.5). It only remained for high-resolution 
scanning techniques to be developed to allow angiographic 
equivalence using spiral CT technology.

Currently, CT angiography is used as a preliminary step 
in imaging in many patients with symptomatic carotid dis-
ease; evaluation for intracranial pathology can be coupled 
with surface mapping of the arteries to define three-dimen-
sional anatomy for both the intracranial and extracranial 
vessels. What are the limitations of CT angiography? 
Primarily, the limitations center on differentiating the pres-
ence of intravenous contrast from that of the calcific vessel 
[68–70]. Calcium appears as a bright tissue on CT imaging 
and when it is confluent with the IV contrast, the interface 
between the two cannot be easily differentiated. As a result, 
calcified atherosclerosis, a common component of advanced 
extracranial carotid plaque, can be a confounding factor that 
limits the interpretation of luminal stenosis relative to the 
plaque associated with the stenosis. Nonetheless, as a screen-
ing tool, computed tomographic angiography is a useful 
adjunct prior to planning procedures, particularly when con-
trast angiography will be employed at the time of treatment 
such as with carotid stenting. In the setting, intracranial 
pathology is ruled out, and an estimate of anatomic disease 
is achieved. When coupled with duplex ultrasonography of 

Figure  55.4  Arteriographic image of left common carotid stenosis 
with ulceration.
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the carotid bifurcation, a highly accurate assessment of the 
degree of vascular disease in the extracranial carotid circula-
tion can be achieved.

The most promising technology for intracranial and vas-
cular imaging has been magnetic resonance imaging. With 
advances in magnetic resonance techniques, the possibility 
of a noninvasive technique for arterial imaging becomes 
more likely [71]. The difficulty with magnetic resonance 
angiography (MRA) lies in differentiating stenosis from 
occlusion. Any significant stenosis results in downstream 
turbulence. As a result, turbulence mixes once-aligned mag-
netic dipoles, resulting in signal dropout. Similarly, an 
absence of magnetic dipoles as is seen with arterial occlu-
sion can also lead to signal dropout. Therefore, conventional 
time-of-flight MRA techniques overestimate arterial 
stenoses (Fig.  55.6), making diagnosis of stenosis versus 
occlusion reliant on other imaging techniques. Many studies 
have evaluated this issue. In high-grade stenosis, the corre-
lation with ultrasound is high. Unfortunately, it is in the 
patient with moderate degrees of stenosis where the correla-
tions fall off: MRA often overcalls the degree of stenosis in 
moderate or lesser levels of carotid disease [72]. Nonetheless, 
the combination of arterial imaging with intracranial paren-
chymal imaging makes MRA attractive in symptomatic 
patients. If intervention is contemplated, however, carotid 
evaluation with duplex ultrasonography or angiography is 
necessary.

Treatment

Management of the Symptomatic Patient

Over the past few years, management of symptomatic carotid 
disease has progressed from an algorithm based on anecdotal 
reports to one based on significant scientific data owing pri-
marily to publication of the NASCET study [73]. The prog-
nosis of surgical versus medical management is clearly 
defined for the symptomatic population. More recently 
carotid stenting has been used in the symptomatic patient 
and is currently approved for “high-risk” patients with symp-
tomatic disease. Despite the data that exist, numerous ques-
tions arise specific to an elderly population.

The NASCET trial for patients with symptomatic carotid 
disease enrolled only patients less than 80 years of age for a 
randomized study of surgery versus medical therapy. 

Figure  55.6  Magnetic resonance angiogram demonstrating signal 
dropout associated with stenosis.

Figure 55.5  Surface mapping of CTA image showing normal carotid 
anatomy.
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Therefore, although the conclusions remain important, the 
results of necessity must be extrapolated to the elderly popu-
lation over 79 years of age. The NASCET trial was termi-
nated early in the high-grade stenosis group because of the 
significant benefit of surgery relative to medical therapy in 
patients with more than 70% stenosis by NASCET criteria. 
These results have been extended to the patient population 
with 49–70% stenosis demonstrating similar (though more 
limited) benefits to surgical management [74]. Although 
these data remain the cornerstone of treatment decisions for 
symptomatic patients, many assumptions are necessary for 
applying these data to the elderly population.

In the NASCET severe stenosis (>70%) group, a statistically 
beneficial result from surgical treatment was seen at the 3-month 
follow-up. Therefore, patients with symptomatic carotid dis-
ease would be expected to benefit from surgery if their opera-
tive risk was acceptable and their life expectancy was at least 3 
months. Obviously, most patients treated surgically would be 
expected to have a life expectancy of at least 3 months. 
Therefore, the main issue of the decision to treat elderly symp-
tomatic patients rests in the estimation of operative risk.

The operative risk associated with carotid disease centers 
on two factors: stroke risk and cardiac risk. Either factor may 
result in morbidity or mortality, but most studies report their 
results as a combined risk of stroke or death after endarterec-
tomy. American Heart Association (AHA) guidelines [75] 
suggest that the upper limits for an acceptable stroke/death 
rate after carotid endarterectomy for TIAs should be 5%. In 
the NASCET trial, it was in fact 5.8% overall. Monitoring 
surgeon-specific and institution-specific stroke/death rates 
after carotid endarterectomy is a basic requirement for recom-
mending surgical revascularization. Many investigators have 
studied the stroke/death rates after carotid endarterectomy in 
elderly patients [76–95]. There does not appear to be dramati-
cally increased operative risks due to age alone, as most stud-
ies support the use of surgical endarterectomy in the elderly. 
Nonetheless, all surgical series suffer from an inherent selec-
tion bias: patients at too high risk or who are too ill may sim-
ply never be offered the procedure, skewing the results further 
in favor of operative intervention. In the NASCET trial, this 
bias was applied equally to both groups, as the randomization 
occurred between medical and surgical therapy only after 
patient entry. Therefore, all candidates in this study were 
appropriate for surgical management. In retrospective studies 
concerning the safety of carotid endarterectomy in the elderly, 
these controls do not exist, resulting in potential selection 
bias. These data demonstrate that the stroke/death rate after 
carotid endarterectomy in the elderly is not significantly 
increased over that of a more traditional patient population.

The risk of anesthesia for carotid endarterectomy has 
been a topic of debate for many years. Although general 
anesthesia is a safe, effective technique for operations on the 

carotid artery, proponents of local or regional anesthesia 
argue that the intensive care unit (ICU) stay [96] and overall 
length of stay [97] are both reduced, thus decreasing cost. 
The basic philosophy is inextricably bound to that of shunt 
usage: Surgeons who routinely shunt intraoperatively are 
more likely to use general anesthesia, as neurologic monitor-
ing is optional. If selective shunting is employed, the deci-
sion to shunt rests on the detection of neurologic changes 
suggestive of cerebral ischemia. In the patient under general 
anesthesia, this can be provided by continuous electroen-
cephalographic (EEG) monitoring using either a formal 
16-lead EEG or compressed spectral array EEG. In the 
patient under regional anesthesia, neurologic monitoring is 
more direct, resulting from changes in the patient’s neuro-
logic examination while undergoing surgery. No evi-
dence exists to support one anesthetic or shunting technique 
over another in the elderly patient undergoing carotid 
endarterectomy.

In the past 10 years, many studies have been undertaken 
to evaluate the role of carotid stenting in the treatment of 
carotid artery disease (Fig. 55.7). One of the early studies, 
the Carotid and Vertebral Artery Transluminal Angioplasty 
Study (CAVATAS) randomized 504 patients to be treated 
with angioplasty, angioplasty plus stenting, or carotid endar-
terectomy [98]. In this study, the 30-day stroke and death rate 
were similar in the endovascular and surgical groups. A com-
mon criticism of the CAVATAS study is the high rate of sur-
gical morbidity and mortality: in this group of primarily 
symptomatic patients, the stroke morbidity and death rate 
was 9.9% in the surgical group. Additionally, the surgical 
group suffered cranial nerve injury in 8.7%, with no cranial 
nerve issues seen in the endovascular group. The overall con-
clusion from this early paper was that major outcomes were 
similar for both carotid artery stenting and carotid endart-
erectomy; nonetheless, increased minor complications were 
seen in the carotid endarterectomy patients.

The next major step in understanding carotid artery stent-
ing occurred with publication of the SAPPHIRE trial in 2005 
[99]. In this study, 334 patients with asymptomatic carotid 
stenosis greater than 50% or and a cinematic carotid stenosis 
of greater than 80% and who were considered high-risk sur-
gical candidates were randomized to either carotid stenting or 
carotid endarterectomy. While no statistically significant dif-
ference was seen in the rate of stroke and death in these two 
populations, when myocardial infarction within 30 days after 
the procedure was included as an end point, the results devel-
oped statistical significance. While the inclusion of myocar-
dial infarction within 30 days was a nuance that had not been 
used in previous studies, its addition to the SAPPHIRE out-
comes resulted in a trend toward clear benefit to carotid stent-
ing in high-risk patients. The study remains the cornerstone 
upon which carotid artery stenting was founded.
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A Cochrane review in 2004 evaluated the available data 
from five randomized trials involving 1,269 patients [100]. 
The conclusion from this study was that 30-day and 1-year 
safety data showed no significant difference between carotid 
artery stenting and carotid endarterectomy. Additionally, the 
increased rates of cranial nerve injury and minor complica-
tions were once again noted in the surgical group compared 
to the stent group.

Based on the data at this point, the FDA conditionally 
approved carotid artery stenting in high-risk patients with 
greater than 70% symptomatic stenosis. These criteria were 
then endorsed by the Centers for Medicare and Medicaid 
Services as accepted indications for reimbursement for 
carotid artery stenting [101] (Table 55.1).

Of note, since the early use of carotid artery stenting, 
there has been an apparent increase in the risk of stroke in 
those patients greater than 80 years of age. An extensive 
body of data access to confirm the fact that patients greater 
than 80 years of age are at high risk for stroke after carotid 
artery stenting. The reasons for this are not clear; carotid 
endarterectomy patients do not appear to have the same 
increase in risk associated with advanced age. One of the 
more promising explanations has to do with the amount of 
aortic arch calcification: those patients greater than 80 years 
of age typically have an increased amount of aortic arch cal-
cification involving the great vessels [102]. Negotiation of 
the aortic arch with a long sheath in these patients presum-
ably results in an increased risk of atheroembolism from the 
calcium that collects with advanced age. While definitive 
data remains elusive, many studies have confirmed the statis-
tical association of an increased stroke risk with an age 
greater than 80 years.

In summary, any patient who is symptomatic because of 
extracranial carotid atherosclerosis and is of acceptable pro-
cedural risk should be offered intervention. The benefits of 
surgical revascularization are clear-cut, with improved out-
come at both short-term and long-term follow-up; in high 
surgical risk patients, carotid stent placement using embolic 
protection appears to be an equivalent treatment. The selec-
tion of patients for carotid surgery versus carotid stenting 
will remain in evolution for the foreseeable future.

Management of the Asymptomatic Patient

With the publication of the ACAS trial [66], many questions 
related to the management of asymptomatic extracranial vas-
cular disease were answered, but many more were raised. 

Figure 55.7  Carotid stent 
placement. Preintervention 
carotid stenosis (left), stent 
across stenosis (center), and final 
appearance after deployment 
(right).

Table 55.1  Medicare requirements for carotid stenting reimbursement

CMS requirements for reimbursement for carotid stent 
placement

Stenosis > 70% using NASCET methodology
Use of both an FDA-approved embolic protection device and stent
High risk
•  Congestive heart failure (CHF) class III/IV
•  Left ventricular ejection fraction (LVEF) <30%
•  Unstable angina
•  Contralateral carotid occlusion
•  Recent myocardial infraction (MI)
•  Previous CEA with recurrent stenosis
•  Prior radiation treatment to the neck
• � Other conditions that were used to determine patients at high risk 

for CEA in the prior carotid artery stenting trials and studies
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Although a statistically significant decrease in stroke rate was 
achieved in male patients with at least 60% stenosis of  the 
internal carotid artery, this protocol was limited to a popula-
tion less than 79 years old. Therefore, extrapolation is neces-
sary to apply these data to the very elderly population. In the 
ACAS trial, the patient group who most significantly benefited 
from prophylactic carotid endarterectomy was men, with a 
79% risk reduction at the 5-year follow-up. Nonetheless, in 
this group, the absolute risk reduction at 5 years was only 8%, 
yielding a yearly risk reduction of only 1.6%. Given this mod-
est risk reduction, the procedure-related stroke/death rate of 
2.3% becomes an important determinant of the overall benefit. 
If the operative morbidity and mortality of carotid endarterec-
tomy are excessive, the benefit is reduced further, and the 
overall efficacy reduced. Once again, the surgeon-specific and 
institution-specific risks must be accurately defined prior to 
recommending intervention. Similarly, the risk of operation in 
any given patient must be considered carefully, as any increase 
in operative stroke or death risk tempers the benefits seen. The 
stroke/death risk of cerebral angiography in the ACAS trial 
was surprisingly high at 1.2%. Therefore, the routine use of 
angiography further elevates the morbidity and mortality, 
potentially compromising the benefit of endarterectomy. 
Currently, many centers have adopted new strategies to lower 
the risk of carotid intervention in asymptomatic individuals. 
Foremost in this strategy is the elimination of routine arteriog-
raphy prior to carotid surgery. Angiography is reserved for 
patients in whom unexplained findings are present on preop-
erative duplex ultrasonography. Using this strategy of selec-
tive angiography, preoperative arteriography can be avoided in 
up to 85% of the patients, lowering the risk of angiography (by 
extrapolation of ACAS data) to less than 0.2%. The loss of 
routine preoperative angiography in carotid surgery has two 
risks: failure to diagnose tandem intracranial or proximal 
lesions and failure to diagnose the high carotid bifurcation pre-
operatively. The risk of tandem lesions resides in the limita-
tions to flow imposed across a fresh endarterectomy by a 
proximal or downstream lesion. Nonetheless, the risk of stroke 
following endarterectomy has not been documented to be 
higher in patients with tandem lesions [103, 104]. Similarly, 
tandem lesions do not seem to impose an increased stroke risk 
after successful extracranial carotid endarterectomy [105, 
106]. Therefore, the risk of surgery and the risk of subsequent 
stroke are not significantly increased by the presence of tan-
dem lesions. It appears that tandem carotid and intracranial 
stenosis occur in less than 10–15% of patients with carotid 
stenosis [107], implying that angiography contributes little to 
the management of most of these patients [108, 109].

The relative risk imposed by a high carotid bifurcation is 
much more difficult to define. Although numerous strategies 
have been developed to assist the surgical approach to the 
high carotid lesion, none has been without complications. 
The incremental benefit of knowing preoperatively that the 
bifurcation is higher than usual resides in the ability to 

change the surgical approach to compensate for the anatomic 
variation and improve the ease of operation. Because there 
does not appear to be a widely accepted alternative to the 
conventional approach, the preoperative diagnosis of a high 
carotid bifurcation serves only to provide a psychological 
advantage to the surgeon rather than a physical one. No data 
exist to justify the use of preoperative angiography or duplex 
ultrasound to define the high carotid bifurcation.

Although operation for asymptomatic carotid stenosis is an 
accepted technique, particularly in the male patient, there 
clearly are questions about who should undergo this treatment 
option. Foremost in this regard is the estimation of the patient’s 
life expectancy. If an annual benefit of 1.2% stroke reduction 
is to be realized with surgery compared to medical manage-
ment, the longer the patient survives after endarterectomy, the 
greater the benefit of operation. Similarly, as discussed above, 
if the patient is at high risk during surgery (for any reason), the 
annual benefit of surgery decreases. Therefore, patient selec-
tion for asymptomatic carotid endarterectomy requires con-
sideration of the patient’s risk during operation and the 
patient’s overall health and life expectancy. If for any reason 
the patient’s risk during operation is increased, medical man-
agement should be considered. Likewise, if the patient’s health 
is so fragile that reliable long-term life expectancy cannot be 
assumed, medical management may be the best option.

In an in-depth cost analysis of carotid endarterectomy for 
asymptomatic disease, Cronenwett and colleagues estimated 
the cost-effectiveness of carotid endarterectomy with advanc-
ing age [110]. Although the cost-effectiveness of carotid 
endarterectomy under age 72 seemed conclusive, the costs 
increased exponentially to age 79 where the cost-effectiveness 
was marginal. By this algorithm, carotid endarterectomy for 
asymptomatic disease would not be considered cost-effective 
at age 80 or above. This is a theoretic issue related to an “aver-
age” elderly population. Obviously, some elderly patients 
have sufficient long-term survival to warrant carotid endart-
erectomy. Others just as obviously are medical candidates 
only. The difficulty remains in those in-between cases where 
selection criteria and operative risk are not clear-cut. In these 
situations, an in-depth analysis of risk and benefit is probably 
secondary to a truly informed consent discussion with the 
patient and family. In this way, the ultimate decision is left to 
the individual most directly involved, with the surgeon pro-
viding guidance where appropriate.

The treatment of asymptomatic patients with carotid 
stenting is significantly more controversial. While the use of 
carotid stenting in high-risk symptomatic patients is accepted, 
its use in high-risk asymptomatic patients is problematic. 
Traditionally, the surgical treatment of asymptomatic carotid 
disease has been limited to good-risk patients with an accept-
able 5-year life expectancy based on the results of the ACAS 
trial. Given the limitations to treatment of good-risk asymp-
tomatic patients, defining a high-risk group has been contro-
versial. Nonetheless, there are probably some groups worthy 
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of consideration for treatment in high-risk asymptomatic 
patients. Specifically, high risk based on anatomic criteria 
such as neck irradiation or previous neck surgery will define 
a population that may have an acceptable long-term life 
expectancy but has increased risk of local complications with 
surgery. Less well defined are the high-risk anatomic criteria 
associated with surgical intervention such as the presence of 
a high carotid bifurcation or the presence of a contralateral 
carotid occlusion. At the present, treatment of asymptomatic 
carotid stenosis is restricted to carotid endarterectomy except 
as part of an approved clinical trial.

Special Issues Related to Aging

Although carotid disease in general increases with increas-
ing age, certain issues arise with aging that require further 
discussion. All of these problems can occur at any age, but 
the increased incidence in the elderly population requires 
explanation and elaboration.

Tortuosity of the Carotid Arteries

The coiling and kinking of the carotid arteries can be severe, 
resulting in stenosis or even complete vascular loops. The 
first references to carotid artery tortuosity appeared in rela-
tion to tonsillectomy, where the tortuous artery proved to be 
at risk for inadvertent injury [111]. The first recognition of 
neurologic symptoms referable to carotid artery tortuosity 
was during the early 1950s, with recommendations for arte-
riopexy of the artery to the sternocleidomastoid muscle 
[112]. During the late 1950s, cases of cortical stroke associ-
ated with carotid kinks were reported, with successful treat-
ment in all cases by arterial resection [113]. From this point 
forward, the standard treatment of carotid coils has been 
resection or advancement of the redundant artery, which con-
tinues to be the treatment of choice today.

For a number of reasons, the exact incidence of extreme 
tortuosity of the extracranial carotid arteries is difficult to 
determine. Many patients are asymptomatic and may never 
come to medical attention. This situation is further confused 
by the lack of standard definitions as to what constitutes a 
kink, a coil, or a tortuosity. Tortuosity has been defined as 
excessive length of an artery (Fig.  55.8). This is a relative 
judgment, and the lengthening of the arterial tree is limited 
by fixation at branch points. Therefore, elongation often 
results in tortuosity moving away from bifurcations. If the 
elongation occurs between two points of fixation, kinks or 
coils can occur. Kinks are defined as an abrupt change in the 
direction of the artery, reducing the diameter of the arterial 
lumen (Fig. 55.9). Coils are redundant loops of artery without 

Figure 55.8  Example of carotid artery tortuosity.

Figure 55.9  Example of carotid artery kink.
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luminal encroachment, lacking the acute change in direction. 
Both kinks and coils are subsets of the vessels exhibiting tor-
tuosity, all of which can lead to boundary layer separation 
with an associated increased risk of cerebrovascular events.

Angiographic studies suggest that tortuosity is common 
in the carotid circulation, occurring in 31% of 1,438 con-
secutive carotid arteriograms in one study [114]. In the same 
series, coils were seen in 7% and kinks in 5%. An additional 
study of 1,000 consecutive arteriograms suggested a 16% 
incidence of kinks [115]. The incidence of kinks has been 
associated with female sex, advanced age, hypertension, 
kyphosis, and obesity [116]. Estimates have suggested that 
fewer than 5% of patients with carotid atherosclerosis who 
come to operative intervention have clinically significant 
associated carotid tortuosity.

As previously outlined, the main therapy for carotid tortu-
osity or kinking is resection and advancement of the redun-
dant segment, often in the form of an eversion carotid 
endarterectomy. A detailed discussion of the techniques of 
resection and reanastomosis is beyond the scope of this chap-
ter, but segmental resection of either the internal or common 
carotid artery, with or without carotid endarterectomy, is the 
standard treatment. Using this technique, successful out-
comes with low-stroke rates are the norm [117]. Of note, 
carotid stenting is significantly more difficult in a tortuous 
carotid artery due to the difficulties of landing the stent 
within a relatively straight segment of the artery.

“Dizziness” and Other Global Symptoms

The incidence of dizziness, vertigo, and syncope in the 
elderly population is epidemic, affecting an estimated 50% of 
the population over 65 years of age [118]. The causes of these 
symptoms are myriad, including inner ear problems, vision 
problems, loss of sympathetic tone, and cerebrovascular dis-
ease. Of all the symptoms related to cerebrovascular disease, 
this one remains unlikely to be related to cerebral blood flow. 
Because dizziness is a global rather than cortical symptom, 
the extent of cerebrovascular disease must be extreme if the 
symptoms are to arise from atherosclerotic disease.

Typical “drop” attacks associated with posterior circula-
tion disease relate to loss of motor function due to cerebel-
lar ischemia, often without loss of consciousness (cortical 
perfusion). These episodes are rare in the absence of com-
bined system disease; if posterior circulation vascular dis-
ease is the only atherosclerosis present, no symptoms occur. 
Only when posterior disease is combined with circle of 
Willis or carotid disease do symptoms typically occur. If 
only 15% of the population over age 65 have carotid dis-
ease, a substantially smaller population of these individuals 
would be expected to have significant posterior circulation 

disease in addition. No matter how the calculations are 
derived, most dizziness cannot be accounted for byathero-
sclerotic obstruction.

Assessment for Generalized Atherosclerosis 
Using the Carotid System

The most readily accessible site for assessment of early ath-
erosclerosis remains the carotid bifurcation [119]. The pres-
ence of significant systemic vascular disease can be predicted 
with reasonable accuracy using duplex ultrasonography to 
measure intimal thickness [120–127]. Therefore, as a screen-
ing tool for atherosclerosis, carotid duplex ultrasonography 
may play an increasing role in the future.

To measure the carotid intimal–medial thickness (CIMT), a 
scan of the common carotid artery is performed, being careful 
to avoid segments of the artery with significant disease [128, 
129]. Usually, far-wall CIMT is measured and is currently the 
standard rather than near-wall IMT (Fig. 55.10). The distance 
from the intimal reflection to the medial reflection is the mea-
surement used, and an average is generated manually or auto-
matically over a variable distance. There are many issues with 
this measurement, notably that many labs have undertaken this 
without validation. Since many software packages are avail-
able to perform this measurement automatically, there is some 
reliance on this technology to yield accuracy and reproduc-
ibility yet validation studies remain lacking. For the foresee-
able future, CIMT will remain an experimental tool, to be used 
as part of a research protocol rather than a clinically appropri-
ate generalized screening methodology. Currently, many com-
mercial ventures are offering atherosclerotic screening using 
CIMT; its current utility remains controversial, and it remains 
for larger studies to better define the populations that could 
potentially benefit from such screening.

Figure 55.10  Measurement of carotid intimal–medial thickness (CIMT).
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Conclusions

Carotid disease is a continuing issue in the care of the elderly. 
The incidence of cerebrovascular disease is increasing as the 
population ages, resulting in an ever-greater focus on the 
appropriateness of vascular care in this population. Although 
future studies may refine the overall management of cerebro-
vascular disease in the elderly, the need for intervention in 
symptomatic and asymptomatic patients with significant 
carotid disease has been better defined for this form of vas-
cular disease than in virtually any other arterial distribution. 
No other area of vascular disease has been subjected to the 
multiple large, prospective, randomized trials as has been 
done with carotid disease; nonetheless, more is needed. 
Therefore, while the utility of carotid interventions has been 
uniquely studied as few other procedures have, a better 
understanding continues to evolve. The future direction for 
carotid intervention clearly includes carotid angioplasty and 
stent placement. Nonetheless, the exact role of endarterec-
tomy and stenting and the appropriate patient selection 
remains to be defined.
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Introduction and Historical Review

Any standard medical dictionary will describe an aneurysm 
as a localized abnormal enlarging or ballooning of a particu-
lar segment of an artery, greater than 50% of the normal cali-
ber, commonly related to weakness in the wall of the blood 
vessel [1]. The most common location of an extracranial 
aneurysm is the infrarenal abdominal aorta. Using the above 
definition, an aorta with a diameter greater than 3  cm can 
therefore be considered aneurysmal, although normal aortic 
diameters vary with age, sex, and body habitus. Histologically, 
an abdominal aortic aneurysm (AAA) is characterized by 
macrophage degradation of the medial elastin lamellar archi-
tecture by metalloproteinases [2–5].

Aneurysms have been documented for thousands of years; 
in fact the Ebers Papyrus in 2000 BC discusses traumatic 
aneurysms of the peripheral arteries [6]. Antyllus, a Greek 
surgeon living in Rome, described the first elective proce-
dure to treat an aneurysm using a method of proximal and 
distal ligation of the artery feeding the aneurysm, along with 
opening the sac and evacuation of its contents [7]. In the six-
teenth century, a Flemish anatomist named Andreas Versalias 
wrote about an abdominal aortic aneurysm in his work De 
humani corporis fabrica (On the Workings of the Human 
Body) [8]. It was not until 1923 when Rudolph Matas per-
formed the successful technical ligation of a ruptured syphi-
litic infrarenal AAA that anyone had deviated from Antyllus’s 
technique [9]. Since Matas’s technique carried a very high 
mortality, other surgeons attempted various alternative thera-
pies such as wrapping the aneurysmal wall with various 
materials such as fascia lata, skin grafts, polyvinyl sponge, 
and even cellophane, in an attempt to prevent aneurysmal 
rupture, along with attempting to induce aneurysm thrombo-
sis with wires [10–13]. Unfortunately, the morbidity and 

mortality of these procedures remained high and none of 
their results were all that good.

Alexis Carrel, the 1912 Nobel Laureate, initially reported 
on the contemporary technique for an open AAA repair, per-
fected in animals, consisting of replacing a segment of aorta 
with a segment from another artery or vein [14–17]. In 1951, 
Charles DuBost details a more successful approach using a 
thoraco-retroperitoneal incision to replace the aneurysmal 
infrarenal aorta with a thoracic-aortic homograft in a tech-
nique mimicking Carrel’s [18]. In Houston in 1953, Denton 
Cooley and Michael DeBakey wrote of their success using 
an analogous technique [19]. The use of homografts was 
relatively short lived due to graft degeneration and subse-
quent graft rupture. When Voorhees et al. (1952) used a new 
material for vascular conduit, Vinyon-N, marked the next 
major breakthrough [20]. Around the same time, Blakemore 
placed the first Vinyon-N graft in a patient with a ruptured 
AAA. Sadly, this patient expired, but the graft was patent at 
autopsy [21]. In 1954, Voorhees and Blakemore described 
their results in 16 patients with AAA repaired using Vinyon-N 
grafts and nine patients (56%) survived [22, 23]. These 
advances forced companies to evaluate various types of 
potential arterial conduits. In 1958, Michael DeBakey’s 
group in Houston wrote about a significant group of patients 
undergoing AAA repairs with knitted Dacron grafts [24]. In 
1966, Creech and colleagues continued to refine the surgical 
procedure by introducing an endoaneurysmorrhaphy with 
intraluminal graft placement, the standard open technique 
used today [25]. Over the next 20 years, many series were 
reported with operative mortalities in the 10–15% range, 
using polyester grafts.

Prevalence, Incidence, and Risk Factors

Elderly white males are the most common patients to present 
with AAA. Moreover, it is age related with increasing fre-
quency in men 60 years or older. AAA is two to six times 
more common in men than women, and two to three times 
more common in white men than African-American men. 
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In  men, aneurysms are first diagnosed around age 50 and 
reach a peak incidence at age 80. In women, they tend to 
present around age 60, with a steady increase after that [26–
28]. The incidence of developing an AAA has varied from 3 
to 117 per 100,000 person years [29–32]. Lederle et al. [33] 
reported that 2.6% of screened patients with a normal ultra-
sound 4 years prior now had AAAs. They also reported an 
incidence of AAA of 6.5 per thousand person years. While 
AAAs do not demonstrate a clear genetic transmission pat-
tern, many papers suggest that 15–20% of first-order rela-
tives of patients with AAAs will have one themselves 
[34–36].

AAA tend to be related to the process of atherosclerosis. 
Patients who develop AAA tend to show signs and symp-
toms of atherosclerosis in other arterial beds, such as their 
coronary carotid or peripheral arteries. Thus, patients who 
tend to have risk factors for atherosclerosis, such as smoking, 
hypertension, and hypercholesterolemia, may develop AAA 
[37–40].

Rupture of an AAA is the tenth leading cause of death in 
elderly males. Although this is the case, the majority of 
AAAs are found accidentally and only rarely will they be 
symptomatic Therefore, a ruptured AAA may be the patient’s 
first knowledge or presentation of his aneurysm. Ruptured 
AAAs have an extremely high mortality (greater than 90% 
overall). Even patients who make to a hospital alive will 
have 40–50% mortality. Thus, the chief focus of AAA ther-
apy is to treat in advance so to avoid rupture. Treatment of 
ruptured AAAs is very costly to the healthcare industry. 
Breckwoldt et  al. found that emergent interventions for 
patients with ruptured AAAs led to hospital losses of $24,655 
[41]. A report of Great Britain demonstrated that about 2,000 
lives and nearly $50 million could be saved if AAAs were 
repaired prior to rupture [42]. Another study from the UK 
found that the total costs of emergency AAA repair were 
96,700.69 pounds sterling, with a cost per life saved of 24, 
175.17 pounds sterling. The total cost of elective AAA repair 
was 76, 583.22, with a cost per life saved of 5,470.23 pounds 
sterling. Emergency intervention was found to cost five 
times more than an elective procedure, per life saved, per 
year [43].

Clinical Presentation, Diagnosis of AAA,  
and What to Do About It?

The most likely presentation of AAA is as an incidental find-
ing by the patient or treating physician on physical examina-
tion, diagnostic imaging for another reason, or in the 
operating room at the time of laparotomy for other reasons. 
The most dreaded presentation of AAA is that of hemody-
namic instability and rupture. Free rupture into the peritoneal 

cavity is usually a fatal event, but thankfully, most patients 
who rupture do so into their retroperitoneum which will 
somewhat contain the rupture. It is this condition that is 
sometimes termed “a leaking” AAA. These patients may 
present with signs or symptoms of back, abdominal, or flank 
pain from the rupture or pressure or compressive symptoms 
relating to the hematoma compressing adjacent structures. 
On physical examination, the patient may have a tender pul-
satile mass. Back pain can be due to erosion of the AAA into 
an adjacent lumber body, although it is most often due to the 
presence of hematoma from the AAA [44]. Flank pain is 
usually due to pressure and can radiate to the left groin 
because of pressure on the ureter. It has been well docu-
mented that a patient can present with a contained leak with-
out hemodynamic changes and be discharged without a 
thorough workup only to represent in shock, so heightened 
awareness is required and an elderly patient presenting with 
abdominal or back pain must have AAA included in any dif-
ferential diagnosis.

If an aneurysm ruptures, it does not always rupture into 
the retroperitoneum or peritoneal cavity. AAA can rupture 
into the duodenum. The typical presentation of this aortodu-
odenal fistula is a “herald” or small upper gastrointestinal 
(GI) tract bleed, followed by massive exsanguinating GI 
hemorrhage. The classic location for this is in the third por-
tion of the duodenum and must be evaluated in any patient 
presenting with a GI bleed. Other GI symptoms, such as 
bowel obstruction, are also possible due to a large AAA 
compressing the GI tract, although this is rare. AAA can also 
rupture into the inferior vena cava. The classic presentation 
of this is high output congestive heart failure associated with 
venous hypertension, a widened pulse pressure, a continuous 
harsh abdominal bruit, and lower extremity swelling.

Another, although rare, presentation is due to an inflam-
matory or infectious AAA. These AAA are noted to have an 
intense desmoplastic reaction around the infrarenal aorta that 
involves adjacent structures. These AAA will produce local 
and systemic symptoms such as malaise, fever, vague abdom-
inal, or back pain, along with weight loss and anorexia. These 
patients typically have an elevated white blood cell (WBC) 
count and the erythrocyte sedimentation rate (ESR) will be 
elevated in nearly 75% of the patients. The involved adjacent 
structures are the duodenum (90%), the inferior vena cava 
(50%), and the ureters (25%) [45].

One other presentation is that of thromboembolic symp-
toms. Since most AAA are lined with mural thrombus, pieces 
can break off and travel downstream, leading to ischemia. 
Therefore, patients presenting with embolic type symptoms 
must be evaluated for the presence of an aneurysm.

Most patients with AAA are asymptomatic and with the 
risk, morbidity, mortality, and cost if a patient presents with 
a ruptured AAA, targeted screening of high-risk population 
has become a vital.  Schermerhorn et al. report that ultrasound 
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screening for AAA was cost effective and beneficial for men 
65–74 years of age with known risk factors such as coronary 
artery disease (CAD), smoking, or a family history of AAA 
[46]. Another study Derubertis et al. established that while 
women have a lower incidence of AAA than men, those over 
65, with a history of smoking or heart disease are at a higher 
risk and should also be considered for screening [47]. Most 
screening programs have been developed outside of the USA 
[48–56]. Kim et al. published the UK results for a large ran-
domized trial which demonstrated an early mortality benefit 
of screening ultrasonography for AAA which is sustained 
long term and that the cost effectiveness of screening 
improves over time [57]. Beginning on January 1, 2007, 
Medicare started to offer a free, one-time, ultrasound screen-
ing benefit to check for AAA’s in qualified seniors. To qual-
ify for this program, men had to have smoked at least 100 
cigarettes in their lifetime. In addition, family history of 
AAA was an inclusion criterion for this program. Medicare 
linked this pared screening ultrasound to their “Welcome to 
Medicare Physical Exam,” also known as the “Initial 
Preventive Physical Exam (IPPE).” This benefit became a 
law on February 8, 2006 as the Screening Abdominal Aortic 
Aneurysms Very Efficiently Act, (SAAAVE) a provision of 
S.1932, the Deficit Reduction Act of 2005. The ultrasound 
can occur anytime, but patients must have had their IPPE 
within 6 months of their 65th birthday. Today, many national 
medical societies as well as industry supporters are attempt-
ing to influence Medicare into expanding the screening test 
for ALL Medicare patients. 70,495 men age 65–74 partici-
pated in the Multicentre Aneurysm Screening Study (MASS) 
and were randomized to receiving either ultrasound screen-
ing or no screening for AAA. Of the 33,839 patients random-
ized to ultrasound screening, 80% actually underwent an 
ultrasound and 5% of the men had AAAs greater than 3 cm. 
Four years into the trial, 65 AAA-related deaths occurred in 
the screened group compared with 113 AAA-related deaths 
in the nonscreened control group. Although neither this trial 
nor any other will be able to show a significant reduction in 
all-cause mortality, MASS did show a 32% reduction in 
AAA-related mortality in the group who received ultrasound 
screening [56]. Given these findings regarding screening for 
AAA, most physicians, including vascular surgeons will 
screen male patients greater than 60–65 years of age, who 
currently smoke or have smoked in the past, along with those 
with a known family history of AAA. Currently, the most 
common manner in which patients learn that they have AAA 
is when AAAs are found incidentally when they are imaged, 
either with ultrasound, CT scan, or MRI for other diseases or 
symptomatology.

Once a diagnosis of AAA has been made, the question is: 
What is the best treatment strategy? One attempt to answer 
this was made by a group led by Lederle. They reported on 
the Department of Veterans Affairs Aneurysm Detection and 

Management (ADAM) Study. This multicenter randomized 
clinical trial was intended to compare long-term AAA sur-
vival from two treatment modalities, immediate open surgi-
cal repair for managing all AAAs less than 5.5 cm versus 
observation and surveillance and open surgical treatment 
when aneurysm reached 5.5  cm. A total of 1,136 patients 
were enrolled at 16 VA medical centers. The mean follow-up 
time was 4.8 years. This study noted that there was no sig-
nificant difference between either group in terms of long-
term mortality. They concluded that there was no long-term 
survival advantage with early surgical intervention in patients 
with AAA smaller than 5.5 cm even when the operative mor-
tality is very low. They thus recommended surveillance of 
small AAAs and deferring open repair until the AAA has 
enlarged to 5.5 cm [58].

A similar study conducted in the UK found similar results. 
Powell et al. reported in 2007 on the long-term follow-up of 
1,090 patients enrolled in the UK Small Aneurysm Trial 
between 1991 and 1995 and followed for 10  years. They 
found no long-term survival benefit of early elective open 
repair of small, 4–5.4  cm, AAAs. Even after successful 
repair, the mortality among these patients was higher than 
the general population [59].

Once the adequate aortic conduit to replace the aorta was 
confirmed surgeons began to pay closer attention to the over-
all medical condition of the patient with the AAA and ways 
to improve the intraoperative and postoperative care in order 
to significantly improve perioperative and in-hospital mor-
tality. In the last 20  years, this approach of preoperatively 
maximizing the health status of the patient prior to AAA 
open repair has significantly impacted mortality with recent 
series reporting <5%, 30-day mortality consistently 
(Table 56.1) [60–71].

Table  56.1  Operative mortality following elective infrarenal AAA 
[60–71]

Authors n
30-Day  
mortality (%)

Heller et al. (2000) 358,521 5.6
Huber et al. (2001) 16,450 4.2
Hertzer et al. (2002) 1,135 1.2
Lee et al. (2004) 4,607 3.8
Greenhalgh et al. (2004) 

(randomized)
539 4.7

Akkersdijk et al. (2004) 16,466 7.3
Anderson et al. (2005) 783 (2002)

1,043 (2001)
1,238 (2000)

4.21 (2002)
3.55 (2001)
4.12 (2000)

Lifeline registry of SVS 2005 334 1.4
Blankensteijn et al. (2005) 

(randomized)
178 4.6

Hua et al. (2005) 582 3.95
Sicard et al. (2006) 61 (high risk) 5.1
Bush et al. (2007) 1,580 (high risk) 5.2
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While mortality has declined over the years, especially in 
centers with high volumes, not everyone with AAA needs an 
operation right away. The question is who needs an operation 
and who can be observed? It has been documented that the 
risk of rupture of a known AAA is based on its maximal 
diameter. Aneurysms between 3 and 5 cm have less than 1% 
per year chance of rupturing. Aneurysms with diameters 
between 5½ and 6 cm have between 5 and 10% chance of 
rupturing in a given year. Those between 6 and 7 cm rupture 
at a rate of 10–20%. Those between 7 and 8  cm have a 
20–30% chance of rupturing in that year. Aneurysms found 
to be greater than 8 cm rupture at a rate anywhere between 
30 and 50% per year. One other vital factor is rapid expan-
sion. Those aneurysms that have enlarged by more than 
0.5 cm in a given 6 months also have a higher likelihood of 
rupturing. Therefore, it is generally accepted that aneurysms 
less than 5½ cm, given the low likelihood of rupturing, can 
be safely followed with at least yearly ultrasound, recogniz-
ing that the growth pattern of AAA is that of discontinuous. 
Some studies have suggested that women with AAAs should 
have their aneurysms fixed at a slightly smaller diameter 
(between 5.0 and 5.5 cm) as compared to men. Most aneu-
rysms, especially smaller ones, tend to grow at a rate of 0.3–
0.5 cm per year [72–74]. Table 56.2 lists the rate of rupture 
of AAA for a given size.

If a patient has symptoms of abdominal or back pain of 
the patient’s AAA has demonstrated rapid growth, they 
should probably be fixed more expeditiously, even if they do 
not meet absolute size criteria. Other factors that have been 
associated with increased expansion or rupture rate are 
advanced age, severe CAD, chronic obstructive pulmonary 
disease (COPD), female, uncontrolled hypertension, or the 
presence of a large volume of luminal thrombus.

A group from Dartmouth led by Mark Fillinger looked at 
mechanical wall stress and concluded that it is a key predic-
tor of rupture risk for AAA. A mathematical analysis of 
AAA geometry, known as finite element analysis, has been 
suggested to be a theoretically better way to estimate wall 
stress and the risk of rupture. It was first performed in two 
dimensional shapes, then later in three dimensional shapes, 
and most recently actual AAA shapes obtained from CT 
scan data [75]. Using this model, Fillinger’s group looked at 
three groups of patients: those who presented with a rup-
tured AAA, those who were symptomatic and required 

urgent surgery, and those who underwent elective AAA 
repairs. They found that peak wall stress was significantly 
higher in ruptured AAA and symptomatic groups compared 
with that of the elective repair group comparing diameter-
matched subjects. The group also realized that the location 
of maximal wall stress in their series was not at the site of 
maximal AAA diameter but rather in the posterolateral loca-
tion, the site where most ruptures occur. Fillinger et al. thus 
concluded that peak wall stress calculated with computer 
modeling appears to assess risk rupture more accurately than 
AAA diameter alone. Fillinger et al. [76] later report that for 
AAAs under observation, elevated wall stress associated 
with rupture is not simply an acute event near the time of 
rupture. While these studies have been very exciting, a draw-
back to its widespread use is the cost and time required to 
make these models. Another limitation to its widespread use 
is that most physicians are not used to stress values. Fillinger’s 
group has thought about creating “severe or critical” stress 
values similar to velocity thresholds for carotid duplex scan-
ning. While Fillinger’s colleagues do not advocate stress 
modeling in all patients, it can certainly add more informa-
tion, especially in patients at the highest risk for surgery.

Preoperative Risk Stratification  
and Decision Making

The goal of therapy for AAA is to prevent aneurysmal rup-
ture. Currently, there are two effective treatment modalities 
to treat AAA, and thus exclude the AAA from pressurized 
blood flow. The first is an endoluminally placed covered 
stent graft (EVAR) that can be inserted either via the femoral 
or iliac artery. The second is an open surgical exclusion of 
the AAA, along with an interposition synthetic graft. Both 
techniques have advantages and disadvantages, and therefore 
each case must be evaluated separately, based on a patient’s 
age, comorbidities, and aortic anatomy.

If a patient is found to have a symptomatic AAA (i.e., 
back or abdominal pain or hypotension), urgent surgical 
intervention is the only true chance for survival. Stable 
patients can undergo cross-sectional imaging to assess their 
potential for an endoluminal approach, along with laboratory 
tests. If the patient is unstable, then the patient should be 
taken directly to the operating room for an open repair.

Current recommendations are to repair asymptomatic 
male patients with aneurysms greater than 5.5 cm or asymp-
tomatic female patients with aneurysms greater than 5.0 cm. 
A vascular surgeon will determine the most appropriate treat-
ment option by taking into account preoperative evaluations 
such as aneurysmal anatomy, along with the patient’s age 
and other commodities. In 1995, a group led by Steyerberg 
created six independent risk factors for operative mortality 

Table 56.2  Rate of rupture based on size of AAA

Size of AAA (cm) Annual rupture risk (%)

£4.0 0.3
4–4.9 1.5
5–5.9 6.5
6–7 20
7–8 30
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after elective AAA repair, along with their relative risks. The 
most important risk factors from most important to least 
important were renal dysfunction and a creatinine greater 
than 1.8, congestive heart failure with cardiogenic pulmo-
nary edema, jugular venous distention, the presence of isch-
emic changes (ST depression greater than 2  mm) on a 
preoperative ECG, history of a prior myocardial infarction, 
pulmonary dysfunction including COPD, dyspnea on exer-
tion or prior lung surgery, older age, and female gender. 
Based on their findings, they report that a standard elective 
open AAA has a operative mortality of 5%, which could rise 
as high as 40% if many of the aforementioned risk factors 
were present, and decline to less than 3% if none were pres-
ent [77]. Since that time, other studies have validated this. In 
2001, Hallin et  al. found between a four- and ninefold 
increase in mortality risk in patients with renal failure alone. 
They also found that CAD only had between two and a half 
and fivefold increase in mortality risk [78].

Another important aspect is the specific surgeon and hos-
pital. This variability is directly proportional to the number 
of AAA operations that are performed by the given surgeon 
or center per year. Larger hospital performing more AAA 
operations have much better outcomes than less experienced 
surgeons or smaller centers [79]. In 2003, a group led by 
Dimick concluded that high-volume hospitals that perform 
more than 35 open AAA per year have a 30-day mortality of 
3%, as compared to low-volume centers that have a 30-day 
mortality of 5.5%. They also reported that high-volume sur-
geons with specialty training in vascular surgery, working at 
high-volume hospitals have the best outcomes [80].

The first critical move in evaluating a patient with an 
asymptomatic AAA is a thorough personal and family his-
tory and careful physical examination. Family history is a 
key component of the patient’s preoperative assessment. If a 
patient has a family history of AAA, earlier repair is war-
ranted, regardless of the method, because their risk of rup-
ture is higher when matched with comparable sized AAA in 
patients without a family history [81–83]. In addition, some 
basic laboratory data should be collected. These first steps 
should help a vascular surgeon decide what kind if any oper-
ation can or should be performed to fix this AAA. In addi-
tion, any of the preoperative risks, such as any cardiopulmonary 
troubles, should be optimized prior to surgery. Another key 
fact to think about is whether the patient’s current life expec-
tancy is long enough and their quality of life is good enough 
to justify an intervention.

Age has been one key variable that has shown to be statis-
tically significant when comparing mortality among groups 
of patients being treated with AAA. Hertzer et al. reported on 
a large series of patients treated with open AAA from the 
Cleveland Clinic. They found that age greater than 74 years 
significantly affected outcomes. They found a risk ratio of 2.2 
in their series in these patients [63, 84]. Others have reported 

similar findings of higher incidence of adverse outcomes in 
patients greater than 75 or 80 years of age who underwent 
open AAA repairs [85–87]. Based on these results, older 
patients, especially octogenarians, may benefit from EVAR. 
Sicard et al. reported that when comparing EVAR to a con-
ventional open repair of AAA in octogenarians, the mortality, 
the complication rate, and extent and gravity of these compli-
cations were higher in the octogenarian group [86]. Dardik 
et al. reported an in-hospital mortality of patients undergoing 
elective AAA repair of 3.5%. However, in his series, the 
death rate for patients in their sixth decade was 2.2% com-
pared with 7.3% in octogenarians [79]. These findings may 
sway a vascular surgeon to treat an octogenarian via EVAR if 
possible.

To decrease overall operative mortality, perioperative car-
diac optimization is vital, especially since CAD is the main 
cause of early and late mortality after AAA [88]. The 
American College of Cardiology (ACC) has standardized 
preoperative cardiac evaluation for noncardiac surgery, based 
on their best long-term data and created categories for the 
risk of the procedure and the clinical risk to the patient. 
Patients with unstable coronary syndromes such as acute or 
recent MI (less than 30 days) or unstable angina, decompen-
sated CHF, significant arrhythmias such as high-grade AV 
block or symptomatic ventricular arrhythmias, or severe val-
vular disease are considered to have major cardiac risks. 
Those patients with intermediate risks would have symptoms 
such as mild angina, prior MI by history or the presence of 
Q waves on an ECG, compensated CHF, insulin-dependent 
diabetes mellitus, or renal insufficiency. Those patients with 
minor risk factors include those who are of advanced age, 
have an abnormal ECG (left ventricular hypertrophy and left 
bundle branch block), have a history of a prior stroke, or have 
uncontrolled hypertension [89].

Van Damme et al. from Europe reported on 156 patients 
prospectively, assessing cardiac risk before vascular surgery. 
They found that in patients without clinical markers of CAD, 
noninvasive cardiac testing did not predict cardiac complica-
tions. In patients with definite clinical of ECG evidence of 
CAD, a dobutamine stress test provided additional informa-
tion and optimized risk stratification. Moreover, they found 
that a negative stress test had a high negative predictive value 
[90]. In 2006, Poldermans et  al. reported for intermediate 
risk patients, cardiac testing can be safely omitted, provided 
that patients are treated with beta-blockers to keep their heart 
rates until tight control [91]. Recently, the coronary artery 
revascularization prophylaxis (CARP) trial in patients with 
CAD and stable cardiac complaints compared preoperative 
coronary revascularization with either coronary artery bypass 
grafting (CABG) or percutaneous coronary intervention 
versus no coronary revascularization in preparation for 
major vascular surgery [92]. Five hundred and ten patients 
were randomized and 258 were assigned to a strategy of 
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preoperative coronary revascularization, while 252 received 
no revascularization procedure. Coronary revascularization 
prior to elective vascular surgery did not improve long-term 
survival. In addition, there did not appear to be any reduction 
in postoperative myocardial infarctions (MI) or deaths in the 
revascularized group. One other report from Kertai et  al. 
looking at 570 patients found that statin therapy lowered the 
incidence of the composite endpoint of MI or death from 11 
to 3.7% [93].

Fleisher et al. reported on the latest ACC/American Heart 
Association (AHA) Guidelines on perioperative cardiovascu-
lar evaluation and care for noncardiac surgery. They deter-
mined that successful evaluation and management requires 
teamwork and communication. The group felt that indications 
for cardiac testing and treatments are the same as in the non-
operative setting, but the timing of such evaluations is depen-
dent upon the urgency of the surgery, patient risk factors, and 
surgery specific considerations. The use of testing, both inva-
sive and noninvasive should be limited to those that affect 
patient management. In addition, they concluded that the pre-
operative evaluation was their first cardiac risk stratification, 
both short and long term, and treatment strategies could be 
implemented to reduce a patient’s long-term risk [89]. This 
study has also concluded that perioperative beta blockade is 
crucial for pre-, peri-, and postoperative cardiac protection.

Even though CAD and cardiac risk stratification are the 
number one risk for aortic surgery, other conditions need to 
be evaluated, too. Patients who smoke should be encouraged 
to stop smoking before surgery. Patients with a history of 
pulmonary insufficiency require preoperative pulmonary 
function testing. Some patients with severe bronchospastic 
pulmonary disease may even need to be optimized with 
bronchodilator therapy or steroids prior to open AAA repair. 
If a patient requires persistent continuous oxygen therapy, he 
may not be a suitable candidate for an open surgical repair.

If a patient has a history of having a stroke or transient 
ischemic attack (TIA) or if a carotid bruit is present on physi-
cal exam, a carotid duplex scan should be performed. If a 
high-grade stenosis is found in the internal carotid artery, 
carotid revascularization should precede elective AAA 
repair.

Some centers routinely perform arteriography on patients 
with AAA to better determine certain anatomic factors 
prior to deciding which technique to perform to treat the 
AAA. In patients with hypertension and chronic renal 
insufficiency where renovascular disease may be present, 
better renal artery anatomy needs to be known. Also, 
patients with claudication may need some anatomic evalu-
ation to assess the level or levels of disease. In addition, if 
there is some history of mesenteric ischemia or the AAA is 
in close proximity to the renal arteries, better visceral ves-
sel anatomy is required for preoperative planning. Today, 

depending on the center, some of today’s high-quality CT 
scanners or MRI machines can be as useful as traditional 
arteriography.

Surgical Techniques

The principal aim of surgical intervention is to eliminate 
aneurysmal flow and wall tension, thus preventing future 
dilatation and rupture [94]. There are two basic approaches 
to treating AAA, the older more traditional open surgical 
repair and endovascular repair of abdominal aortic aneu-
rysms (EVAR). To date, open repairs have proven to be more 
durable long term and require less follow-up than endolumi-
nal repairs, as long as patients can tolerate the open surgery. 
Conrad et al. reported in 2007 on a large series of AAA from 
Massachusetts General Hospital and found that open AAA 
repairs are safe and durable with an excellent 10-year sur-
vival in patients less than 75 years. In addition, the freedom 
from graft-related reintervention is superior to EVAR [95]. A 
large series published by Hertzer et  al. also showed a low 
30-day mortality and excellent long-term survival with open 
AAA repair [63]. One issue for today’s younger vascular sur-
geons and current vascular surgery residents (VSR) is the 
fact that with newer and better endovascular devices, fewer 
open infrarenal AAAs are being performed each year. From 
2001 to 2005, the mean volume of elective open infrarenal 
AAA repairs declined by 27%. During that same period, 
EVAR procedures for the VSR have increased by 212%.

A model was created by Barnes et al. to predict outcomes 
for EVAR using the following preoperative variables: age, 
aneurysm size, ASA class, gender, preoperative creatinine, 
aortic neck angle, infrarenal neck diameter, and infrarenal 
neck length [96].

Endovascular Repair of Abdominal  
Aortic Aneurysms

Over the past 15 years, EVAR has become widely accepted 
as a means of treating aneurysms located in the infrarenal 
portion of the aorta. In addition, as more endovascular grafts 
with broader applications become commercially available, 
the number of EVARs performed worldwide continues to 
increase. A group led by Parodi et  al. reported of the first 
endoluminal repair of AAA in 1991 [97]. Since that time, 
numerous devices have come to market and numerous clini-
cal trials have been published [61, 65, 67–71, 98–100]. 
Endoluminal methods allow the surgeon to access the arterial 
system from the femoral arteries, rather than requiring a 
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deep and extensive pelvic dissection, with its associated 
potential complications. This approach is even more useful 
in patients who are at high-operative risk due to significant 
medical comorbidities, prior abdominal or pelvic surgery, 
abdominal or pelvic radiation, lower abdominal stomas, or 
morbid obesity [101]. Endovascular repairs have been shown 
to reduce operative morbidity, mortality, length of hospital 
stay, and postprocedure disability [102]. The basic technical 
procedure involves placing an endovascular graft across the 
AAA below the renal arteries and above the hypogastric 
arteries and exclude it from arterial blood flow and systemic 
arterial pressure (Fig. 56.1a, b). This type of repair requires 
at least a 2 cm landing or attachment zone of normal infrare-
nal aorta above the graft and enough common iliac distal to 

the aneurysm to achieve an adequate seal. Two randomized 
trials, EVAR-1 and DREAM trials, demonstrated a signifi-
cantly lower mortality for EVAR when compared with open 
repair, but a higher reintervention requirement for EVAR 
[68, 69]. Both trials still support treating even low-risk surgi-
cal candidates with EVAR. Another report by Sicard et al. 
looked at EVAR as a long-term solution for patients at high 
risk for open surgery. The group found the EVAR for large 
AAA using FDA approved devices is safe and provides long 
lasting protection from AAA-related mortality and is cer-
tainly comparable to open repair at 4 years after the proce-
dure [70]. Table 56.3 lists the results from the pivotal trials 
for each of the five current commercially available devices 
[103–107].

Figure 56.1  (a and b) This two 
CT scans demonstrate a 
completed EVAR with the graft  
in proper position.
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Open Technical Considerations

Once a patient and physician have agreed on an open repair, 
and the patient has been deemed medically suitable for open 
surgery, the specific approach and operation is individualized 
and based on a few factors. CT scan imaging provides the 
best method to assess the anatomical factors that will influ-
ence the open repair. The most critical is the shape and con-
figuration of the aneurysm. The neck, the portion of the aorta 
immediately below the renal arteries, along with the iliac 
arteries must be assessed. If the iliac arteries have significant 
occlusive disease, the graft may have to be sewn to the femo-
ral arteries. Another factor is the patient’s pulmonary status 
because some approaches may be better if the patient has 
severe COPD. Finally, has the patient had other surgeries in 
the past, and if so, what types of surgery. These factors, along 
with operator comfort, will determine which approach is uti-
lized. The two most frequently used incisions are a left retro-
peritoneal incision and a midline incision from the patient’s 
xiphoid to his pubis. A transverse incision has also been 
described, especially for patients with multiple upper abdom-
inal surgeries.

When AAA is repaired via the transabdominal approach, 
the patient is placed in a supine position. After entering the 
abdominal cavity, a full exploration of the abdominal con-
tents should occur to rule out other intra-abdominal pathol-
ogy that might have not been visible in the CT scan. If an 
unexpected lesion is discovered, it must be evaluated and a 
surgeon must make a judgment as to how best to proceed. 
Our group and others strongly discourages combining a ster-
ile vascular case with a potentially contaminated gastrointes-
tinal case.

The next step is to superiorly retract the transverse colon 
and greater omentum. The small bowel is the eviscerated to the 
right side of the abdomen, thus exposing the base of the mes-
enteries of the left colon and the small intestine. The posterior 
peritoneum is then incised from the ligament of Treitz to the 
aortic bifurcation, thus exposing the infrarenal aorta (Fig. 56.2). 
To identify the neck of the AAA, the peritoneum should be 
incised until at least the level of the left renal vein crossing. In 
rare occasions of juxtarenal aneurysm, the left renal vein can 

be divided close to the IVC and/or reanastomosed if indicated. 
If the left renal vein is divided, it is important to preserve the 
left gonadal and adrenal vein to preserve left renal function. 
Once an adequate area proximally is exposed to cross clamp, 
the iliac arteries must also be exposed for cross-clamping. 
If the aneurysm involves one or more than one iliac, the dissec-
tion must be extended to the bifurcation of the common iliac(s) 
assuring identification of ureters and parasympathetic puden-
dal fibers. Usually circumferential aortic or iliac dissection is 
not necessary and may avoid venous injuries. One other key is 
constant communication between the surgical and the anesthe-
sia teams to aid in proper intraoperative management.

Once clamps are applied, the aneurysm sac is then opened 
longitudinally and the mural thrombus should be removed. 
AAA with an adequate infrarenal neck to apply a clamp to 

Table 56.3  Results from pivotal trials of long-term follow-up of each of the commercially available devices

AneuRx 
(medtronic) (%)

Excluder  
(WL gore) (%)

Zenith  
(cook) (%)

Powerlink 
(endologix) (%)

Talent  
(medtronic) (%)

Freedom from rupture (at 5 years) 96.8 99.8 100 100 98.2
Freedom from conversion (at 5 years) 92.2 97 98.2 97.9 99.1
Freedom from aneurysm-related death  

(at 5 years)
96 98.2 97.8 97.9 96.5

Migration (at 5 years) 6.4 0.5 0.4 4.3 0.8% at 1 year not  
followed any longer

Probability of survival (at 5 years) 60.1 70 83 78.1 71.1

Figure 56.2  This drawing depicts the view of AAA via a transabdomi-
nal approach. The small intestines are mobilized to the patient’s right 
and the left colon is reflected to the patient’s left. The retroperitoneum 
has been opened, exposing the AAA.
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that returns to a normal size proximal to the iliac bifurcation 
can have a tube graft sewn. One should use a bifurcated graft 
if the iliac arteries are aneurysmal. If more extensive iliac 
disease is present, other more complex options exist. The 
femoral arteries should be routinely avoided as distal landing 
targets to decrease the risk of wound and potential graft 
infection (Fig. 56.3).

Prior to removing all of the clamps, it is important to back 
bleed the iliac system and flush any residual or remaining 
debris out of the graft. After hemostasis is achieved, distal 
pulses should be assessed prior to beginning the closure. 
Typically, the aneurysm sac and then separately, the poste-
rior peritoneum are closed over the graft in an effort to pre-
vent intestinal contact with the aortic graft. The abdomen 
wall is then closed.

Many surgeons are more familiar with and thus prefer this 
approach to treat AAA. In addition, the transperitoneal 
method enables the surgeon the best exposure of the aneu-
rysm, the renal arteries, both iliac, and both femoral arteries. 
This approach can be challenging in a patient who has under-
gone multiple prior abdominal surgeries and has a great deal 
of adhesions. In addition, juxta or suprarenal extension, the 
presence of ascites or inflammatory aneurysm can be chal-
lenging with the transabdominal approach.

Other surgeons prefer a retroperitoneal approach for 
repairing AAAs. The aorta is a retroperitoneal structure and 
avoiding the intraperitoneal contents is preferable in certain 
circumstances, especially in patients who have had prior 
intra-abdominal surgery. Typical situations where this 
approach is taken are a “hostile” abdomen secondary to mul-
tiple abdominal surgeries and adhesions, previous radiation 
therapy, abdominal wall stoma, a horseshoe kidney, or the 
need to extend the repair above the renal arteries. A left-sided 
retroperitoneal incision from lateral rectus margin up through 
the 11th or 12th intercostal space provide great exposure to 
the infrarenal juxta and suprarenal portions of the aorta 
(Fig. 56.4). A surgeon using this approach is limited in his 
exposure to the right renal artery, the right distal common 
iliac artery, and partially the right femoral artery. Also, any 
intra-abdominal pathology may be missed because the peri-
toneum is not entered. For a retroperitoneal incision, the 
patient is positioned in the right decubitus position and 
remains in that position with the assistance of a vacuum 
assisted bean bag device. The precise location of the incision 
depends on what procedure is planned. For an infrarenal or 
aorto-iliac exposure, the surgeon should make an incision 
medial but at the level on the umbilicus just lateral to the 
medial border of the rectus abdominus muscle. Based on the 
patient’s size and body habitus, the incision should be 
extended in a curvilinear fashion superiorly and posteriorly 
to either the 12th rib or the interspace between the 11th and 
12th ribs.

The peritoneum is mobilized until the left ureter and left 
gonadal vein are identified. The left ureter is then dissected 
and mobilized from the level of the renal pelvis down to the 

Figure 56.3  This drawing depicts a completed repair of the AAA using 
a tube graft.

Figure 56.4  This drawing depicts the exposure and incision for a retro-
peritoneal approach for an open repair of AAA.
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iliac artery bifurcation, looped with a vessel loop, and gently 
retracted medially to avoid an avulsion or traction injury. 
Care must also be taken not to devascularize the ureter, which 
can also lead to an ischemic injury. The gonadal vein is then 
dissected up to its insertion into the left renal vein and typi-
cally divided. Failure to ligate the gonadal vein can lead to 
avulsion injuries and further bleeding. Usually, both com-
mon iliac arteries can be dissected to allow for clamp place-
ment. If the right common iliac artery is involved with 
aneurysmal dilatation, intraluminal control of the right iliac 
system can be accomplished with a balloon catheter. The use 
of self retaining retractors is also vital because it facilitates 
exposure and avoids unnecessary trauma to intra-abdominal 
organs, especially the spleen. The clamping sequence is the 
same as for a transperitoneal approach, the iliac arteries first, 
and then the proximal aortic clamp is applied.

Based on a patient’s anatomy, either a tube graft or a 
bifurcated aortobi-iliac graft can be sewn into place. If an 
aortobifemoral bypass is required, we prefer to suture the 
common iliac arteries from within the aneurysm sac. We would 
complete the aortic anastomosis and then rotate the table to 
provide better access to both groins. A tunnel is made care-
fully directly on top of the iliac arteries and ureters from 
above and on top of the femoral arteries from below. It is 
critical to ensure that both femoral limbs are passed posterior 
to the patient’s ureters to avoid ureteral injury or compres-
sion. The femoral anastomoses are usually performed in a 
standard end to side fashion. Once hemostasis has been 
achieved, the aneurysm sac is closed over the graft, if possi-
ble, and the abdominal lateral wall muscle and fascia are 
closed in two layers.

The two main complications specific to this approach are 
wound bulges or hernias and chronic incisional pain. LaCroix 
reported on a large series and found that only 5% had an 
incisional hernia, but 28% had a 2 cm or larger incision bulge 
[108]. Our group looked at more than 1,000 patients who 
underwent retroperitoneal approaches for AAA. Many 
described some level of incisional pain that ultimately 
resolved after 12–24  months, but fewer than 1% required 
nerve blocks to relieve the pain [109].

Postoperative Complications

AAA repair, regardless of the approach, does have its share 
of associated complications. Many patients undergoing 
EVAR are sent to a regular monitored floor and can be dis-
charged the next day. Most patients undergoing an open AAA 
are followed immediately in an intensive care unit, with dedi-
cated intensivists. Many patients will need some period of 
continued mechanical ventilation. Careful monitoring is also 
crucial to monitor fluid shifts, pain control and hemodynamic 

responses. Patients should have full laboratory values checked 
immediately postoperatively and any abnormalities, espe-
cially coagulopathies corrected immediately, along with 
ensuring adequate patient core body temperatures in the nor-
mal range. In addition, patients should have an ECG and a 
chest X-ray performed.

The perioperative complications from open AAA repairs 
can either be due to graft problems, such as bleeding, embo-
lization, thrombosis, or kinking or due to organ system 
problems.

The most common organ complication is related to the 
heart and has been reported to as high as 15%, including 
arrhythmia, infarction, and congestive heart failure. In one 
series by Ali et al., which observed 43 consecutive patients 
who underwent elective open AAA repairs, found that 47% 
had troponin elevations postoperative, although only 26% 
met the criteria for a myocardial infarction [110]. Another 
study by Elkouri et al. reported on a large series of patients 
undergoing elective AAA repair and found cardiac compli-
cations in 22% [111]. Cardiac complications are certainly 
less in patients undergoing EVAR [68, 69, 71, 99].

Perioperative renal failure predicts a worse outcome. 
Preoperative renal dysfunction is the greatest predictor of peri-
operative or postoperative renal complications [112, 113]. 
Walsh et al. reported that in EVAR, perioperative renal dys-
function is attenuated. However, dialysis rates after EVAR are 
similar to those after open surgery. EVAR patients develop 
progressive deterioration in renal function, of unclear etiol-
ogy, over time. It is most likely, multifactorial, including 
embolization, continued contrast media, and along with graft 
misplacement. They also felt that although the exact effect of 
a transrenal endograft fixation on long-term renal function is 
unknown, it may be associated with a significantly increased 
risk of renal infarction [114]. In open repairs, care must be 
taken to ensure adequate kidney perfusion to reduce this com-
plication. Intraoperative measures, such as careful clamp 
placement to avoid renal embolization and flushing the proxi-
mal anastomosis, will aid in this. If flow to a kidney is halted 
for more than 30 min, topical packing of the kidney with ice 
along with flushing iced heparinized saline in the renal artery 
can help preserve renal function.

Pulmonary complications such as pneumonias or chronic 
ventilator dependence have also been reported. Elkouri also 
reported 16% of their patients had pulmonary complications 
[111]. A large series by Hertzer et al. at the Cleveland Clinic 
only reported 4.2% of their patients developing pulmonary 
complications, with the majority having pneumonia, although 
1% developed adult respiratory distress syndrome [63]. Early 
extubation and aggressive pulmonary toilet and early ambu-
lation can aid in preventing pulmonary complications. These 
complications are less for EVAR since most patients are 
extubated in the operating room and many of these cases are 
performed under spinal, epidural, or local anesthesia.
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Perioperative procedure related complications include 
iatrogenic injuries, hemorrhage, renal and lower extremity 
embolization, and colonic ischemia. Hemorrhage usually 
results from technical problems with the proximal anastomo-
sis or a missed arterial or venous injury. Venous bleeding is 
usually due to an iliac or renal vein injury during the initial 
exposure or clamp injury. In fact, some advocate that there is 
no need for circumferential dissection of the iliac vessels 
because the arteries can be adherent to the veins.

Colonic ischemia after AAA repair is rare, but it can be 
deadly and a high index of suspicion is required. A post op 
AAA patient with an unexplained fever, leukocytosis, and/or 
left lower quadrant pain, as well as, one with bloody rectal 
discharge should be urgently evaluated for colonic ischemia 
with a flexible sigmoidoscopy or colonoscopy. A study by 
Brandt et  al. in 1997 reported that flexible sigmoidoscopy 
reliably predicts full thickness colonic ischemia for AAA 
repair. Patients with nonconfluent ischemia limited to the 
mucosa can be safely followed by serial endoscopic exami-
nations [115]. Boley et  al. have described three forms of 
ischemic colitis. In the mild version, which affects about 
50% of the patients who underwent AAA repair, the isch-
emia is limited to the colonic mucosa and submucosa. 
Patients may have symptoms of abdominal pain, ileus, dis-
tention, or bloody diarrhea, but the disease process is self 
limited and resolves with adequate resuscitation. A worse 
case involves ischemia of the muscularis and may lead to 
stricture formation. The most catastrophic and concerning 
form of colonic ischemia affects less than 20% of the patients. 
Transmural ischemia and colonic infarction is present with 
free or contained colonic perforation being present. This 
necessitates a return to the operating room for a washout of 
the contamination, along with a Hartmann’s procedure and a 
colostomy. Another issue here is graft infection [116, 117]. 
The overall incidence of clinically relevant ischemia has 
been reported to be 1–3% after elective AAA repairs, and 
much higher after ruptured AAA repairs [118–123]. Another 
study of 105 patients undergoing flexible sigmoidoscopy 
found colonic ischemia in 11.4% [124]. The classic presen-
tation of bloody diarrhea in the early postoperative period 
only occurs in about 30% of cases [119].

AAA repair can alter sigmoid blood flow because ligation 
of the IMA or internal iliac artery, embolization of debris 
from the AAA, prolonged hypotension, or a retractor injury 
can affect the collateral branches to the colon. In patients 
undergoing open AAA repair, 50% have a patent IMA, which 
could be reimplanted or bypassed [125]. Most surgeons eval-
uate collateral colonic circulation by assessing the back 
bleeding of the IMA. Brisk back bleeding, along with a nor-
mal looking colon typically would indicate to a surgeon that 
it is safe to ligate the IMA. Several studies have shown that 
IMA reimplantation did not influence postoperative colonic 
ischemia [122, 123, 126, 127] but certainly was safe and may 

be advantageous in selected patients. Preoperative imaging 
by CT angiography can be useful in assessing the potential 
need to reimplant the IMA, especially if evidence of chronic 
mesenteric arterial obstruction.

As for EVAR and colonic or visceral ischemia, many 
series report zero incidence of colonic ischemia [128–130]. 
Geraghty et al. reported on a large series of patients treated 
with bifurcated endovascular grafts. Of those, 19% under-
went perioperative hypogastric artery embolization. They 
found that four patients (1.7%) had signs or symptoms of 
ischemic colitis, and three required a colectomy. All three 
patients who underwent a colectomy were found to have 
ischemia secondary to atheroemboli and all had bilateral pat-
ent hypogastric arteries. They therefore concluded that while 
elective embolization of one or both hypogastric arteries may 
contribute to pelvic ischemia and ischemic colitis, atheroma-
tous debris rather than proximal hypogastric artery occlusion 
is the primary cause of ischemic colitis [131]. Another series 
by Mehta et al. found the incidence of ischemic colitis from 
endovascular repair to be less than their incidence from an 
open repair (2%) and also suggested that embolization was 
the most common cause of ischemic colitis [132].

Ureteral injury is rare, although if it occurs, it should be 
repaired at the time of discovery, over a double J stent using 
interrupted absorbable sutures. The spleen is another organ 
is often injured, usually because of retraction. The treatment 
for a fractured spleen, especially in the face of an ongoing 
coagulopathy is a splenectomy. Inadvertent enterotomies 
made during the initial opening should be repaired and the 
AAA portion should be aborted. One last complication that 
can occur, as with any wound closure, is the inadvertent cap-
ture of a piece of small or large intestine in the closure, lead 
to a fistula, an obstruction, or bowel ischemia.

Another complication, although usually more delayed, is 
sexual dysfunction as a result of injury to the autonomic 
nerves during the iliac dissection. It most frequently presents 
as retrograde ejaculation, although erectile dysfunction does 
occur too. Most men undergoing elective AAA repair have 
some component of this preoperatively. In the ADAM trial, 
40% of men had impotence before AAA repair [133]. Careful 
dissection in the region of the distal left side of the aorta, 
especially near the IMA and the left common iliac artery has 
been shown to reduce this complication substantially, which 
has been reported as high as 25% [134, 135]. Another impor-
tant component to preserve sexual function is the preservation 
of at least one internal iliac artery with antegrade blood flow.

One complication unique to EVAR is an endoleak. This 
refers to the persistent filling of the aneurysm sac despite the 
presence of a stent graft. It is the most common complication 
following EVAR and has been reported as high as 12–44% 
[136–140], but with newer grafts, the incidence is reported 
between 15 and 22% [98, 141–143] at 1 month. Endoleaks 
are divided into five types: Type I is perfusion of the sac from 
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Controversial Case Study

A Complex AAA in an Elderly Patient Not Suitable  
for Open Repair

An 82-year-old African-American male with a past med-
ical history of CAD, s/p CABG × 4 6 years ago and PTCA 
and stenting 8 months ago, COPD on home oxygen at 
night, and poorly controlled hypertension presents to a 
vascular surgeon with a palpable and pulsatile abdominal 
mass. The patient denies abdominal or back pain and is 
otherwise asymptomatic. He states that he takes a long 
list of medications including aspirin, plavix, coreg, lasix, 
lipitor, and vasotec. His physical exam other than the pal-
pable abdominal mass is unremarkable. A CT scan is 
obtained that shows an 8 cm infrarenal AAA that begins 
less than 1 cm below the renal arteries. His iliac arteries 
are very tortuous and heavily calcified. This patient is 
clearly not a suitable candidate for open AAA surgery 

and his anatomy is really unsuitable for standard EVAR 
techniques. Unfortunately, more and more patients pres-
ent like this. What can be done for this and other patients 
like this? Some surgeons would attempt an open repair 
and hope that the patient can pull through it, although the 
patient would be at significant risk for postoperative car-
diac or pulmonary complications. Others would try 
EVAR and potentially sacrifice one of the patient’s kid-
neys and risk placing the patient on dialysis. Another 
option would be to refer the patient to one of the two or 
three centers in the country that can perform EVAR with 
the use of fenestrations (holes) or branches in the graft to 
allow for the preservation of the renal or visceral arteries. 
One final option is not to recommend any therapy. A dis-
cussion with the patient and his family would then need 
to occur describing the fact that the patient is at high risk 
for rupture but no one can predict when this may occur 
and some of his other comorbidities may lead to his death 
before his AAA. There is no correct option.

a proximal or distal endpoint due to inadequate fixation; type 
II is retrograde perfusion of the sac via collateral flow; type 
III is antegrade perfusion of the sac from a leak between 
components; type IV is antegrade perfusion from holes 
within the graft material; type V is serum transudation into 
the sac through the graft material. Type I and III are the most 
worrisome and require treatment rather urgently. Type II 
leaks are the most controversial. The majority will throm-
bose spontaneously over time. Many remain patent, but 
intervention is typically only indicated in the leak is associ-
ated with AAA enlargement [144].

Another unique complication of EVAR is graft migration 
after implantation. There is significant variability depending on 
the commercially available graft and over time with newer prod-
ucts, the incidence has been decreasing [98, 141, 143, 145].

One other complication related to EVAR is access-related 
injuries such as arterial dissection, rupture, thrombosis, 
pseudoaneurysm formation, and lymphocele. Each graft 
company has a unique set of complication rates from their 
IDE trials [98, 141, 143, 145].

One other dreaded complication with a very high post-
operative morbidity and mortality is spinal cord ischemia 
and paralysis. This is much more common after thoracoab-
dominal or suprarenal AAA repairs, rather than infrarenal 
AAA repairs, because the accessory spinal artery normally 
takes off the aorta in the chest or proximal abdominal 
aorta, although it has been reported. These reports have 

stressed the value of preserving pelvic collaterals and 
internal iliac arteries if at all possible. Occlusion or divi-
sion of these vessels combined with periods of severe 
hypotension can lead to spinal cord ischemia and paralysis 
[146]. Paralysis has also been reported after EVAR, 
although far less common with an estimated incidence of 
0.21% [147, 148].

It has been estimated that 30–40% of patients with abdom-
inal aortic aneurysms (AAA) are not candidates for endovas-
cular repair using the current commercially available devices. 
The primary limitation has been unfavorable anatomy most 
often associated with the proximal aortic neck. Aortic necks 
with large diameter (>32 mm), severe angulation (>60°), a 
reverse taper or cone-shape, a short seal zone (<10 mm), or 
an absent infrarenal neck are not candidates for the currently 
available devices and open repair is the best option for those 
patients [149–154]. The mortality associated with conven-
tional treatment of open pararenal and suprarenal aneurysms 
ranges from 2.5 to 8% [63, 111, 155–157] and for thoracoab-
dominal aneurysms is from 5 to 34% [158–162]. In addition, 
open surgery is associated with significant morbidity rates 
from 20 to 40% [157]. Notable complications include para-
plegia, mesenteric ischemia, renal failure, cardiopulmonary 
complications, and wound complications [158–162]. This is 
even more relevant for elderly patients. While some may 
tolerate major open aortic surgery many will not, mainly 
because of poor cardiac or pulmonary function. Therefore, 
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some other strategies are necessary to treat these patients 
effectively.

While not widely available nor approved in America for 
everyone’s use, complex endovascular repairs involving the 
visceral segment do occur. These can be divided into two 
broad categories. A fenestrated endovascular repair is when 
a device is used to treat an aneurysm with an inadequate 
neck, yet the visceral vessels arise from a segment of normal 
aorta and the added length is required to provide an adequate 
proximal seal and secure attachment. Fenestrations are actual 
holes in the graft and vary in size depending on the need of a 
particular patient. Although fenestrated stent graft repairs do 
not typically require branches to ensure a tight seal, most 
visceral branches are stented open using balloon expandable 
stents to ensure proper alignment of the graft and the particu-
lar visceral branch vessel. Scallops are openings cut at the 
proximal end of a stent graft to allow for further extension of 
the graft cephalad, surrounding and encroaching onto a vis-
ceral vessel without actually it [152]. Branched endovascular 
repairs are currently performed using one of two methods. 
The main device can have cuffs that act as directional 
branches and serve as attachment sites for each visceral 
artery branch involved in the repair (cuffed-branched stent 
graft). On the other hand, the device may have multiple 
branches that arise from the aortic graft proximal to the tar-
get branch and are completed with a bridging covered stent 
extending into the target vessel [152, 163]. Aside from two 
major centers in the USA, these types of operations are per-
formed either off label or the patients are not offered treat-
ment because of their age and other comorbidities. FDA 
approved trials are just beginning at a few centers in the 
country to treat these complex AAA in patients not suited for 
open repair.

Open infrarenal AAA repairs have been performed for 
over many years with significant improvements in clinical 
outcomes. This repair has proven to be extremely safe and 
durable, especially in centers that perform a high volume 
of these cases each year. Even with the increasing popu-
larity, success, and durability of endovascular repairs, 
some patients will not have the correct anatomy for a stent 
graft and thus require an open operation, although as tech-
nology and devices continue to improve, more and more 
patients are becoming candidates for EVAR. The knowl-
edge and skill to perform both open AAA and EVAR is 
vital for today’s vascular surgeon. Moreover, the knowl-
edge about preoperative patient selection and optimiza-
tion along with some of the pitfalls that can occur 
intraoperatively will further cut down a patient’s periop-
erative morbidity and mortality regardless of the method 
employed. In addition, a keen eye to postoperative warning 
signs can potentially stave off major complications and 
improve long-term survival.
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A 92-year-old widow, who lived alone, underwent a 
laparoscopic right hemicolectomy for a stage IIA cecal can-
cer found on workup after falling while climbing stairs at her 
home. Past history is important because of lack of systemic 
disease, no prescription medications, and only one visit to a 
doctor (for dog bite at an age of 86) in the past 57 years. She 
had no nasogastric tube and was disoriented periodically for 
the first two postoperative days with complete clearing with-
out treatment and transferred to a rehabilitation floor on the 
seventh day for 2  weeks of reconditioning. She returned 
home where she resumed her activity, but with caregivers 
living with her. She had one postoperative visit with her 
doctor, then no further follow-up. At an age of 98, after 
2 days of failure to eat and two episodes of vomiting, she was 
found to have a circumferential lesion in the mid-sigmoid 
colon that prevented retrograde passage of barium adminis-
tered by enema. She had an emergency Hartmann’s resection 
for a stage IIIB sigmoid colon cancer. Both the surgeon and 
anesthesiologist remarked that they had never taken part in 
an operation on a 98-year-old patient. The patient had no 
nasogastric tube, was disoriented periodically for the first 
three postoperative days, which cleared without treatment, 

and she was discharged to a rehabilitation floor for 3 weeks. 
The patient required no narcotics after either operation. She 
then returned to her home where she resumed her activity 
and died 1 month short of her 101st birthday.

Abdominal surgery in elderly patients has made great 
strides in the past 30 years. More and more elderly patients 
have no or minimal comorbid conditions so that they are 
much more robust. Changes in operative and postoperative 
management as illustrated in this case have decreased 
complications and shortened the length of stay. Minimally 
invasive procedures, lack of use of drugs in expected post-
operative disorientation, reduced use of narcotics, absent 
use of nasogastric tubes, and early ambulation have all 
improved outcomes in these patients. The absence of sig-
nificant systemic disease must be recognized by surgeons 
and anesthesiologists as evidence that these patients can 
undergo required operations safely. Operations or other 
indicated treatments should not be withheld just because 
of a patient’s advanced age. They should be treated as the 
conditions require. The chapters in this section reflect the 
significant advances in operative treatment of increasingly 
elderly patients.

C.M. Townsend Jr. (*) 
Department of Surgery, University of Texas Medical Branch, 301 
University Blvd, Galveston, TX 77555-0527, USA 
e-mail: ctownsen@utmb.edu

Chapter 57
Invited Commentary

Courtney M. Townsend Jr. 

R.A. Rosenthal et al. (eds.), Principles and Practice of Geriatric Surgery,
DOI 10.1007/978-1-4419-6999-6_57, © Springer Science+Business Media, LLC 2011





711R.A. Rosenthal et al. (eds.), Principles and Practice of Geriatric Surgery,
DOI 10.1007/978-1-4419-6999-6_58, © Springer Science+Business Media, LLC 2011

The multitude of changes that take place in the gastrointestinal 
tract throughout the life of a human have various clinical and 
surgical repercussions. Although our knowledge of age-related 
changes is growing, their consequences are still the subject of 
much debate and controversy. One problem when assessing 
the effects of aging on humans is the extreme physiologic 
variability seen among elderly individuals. As individuals age, 
differences among them increase, such as those relating to the 
genetic distinctions, exposure to toxins, and environmental, 
psychological, and physical factors. Additionally, it becomes 
increasingly difficult and to isolate control groups of healthy 
subjects because the elderly commonly have multiple medical 
problems. Many of these illnesses, such as diabetes, tend to 
confound study outcomes by adversely affecting the organs 
studied. Another obstacle to study age-related changes involves 
the vast reserve capacity with which to the human body is 
endowed. Some areas of the gastrointestinal tract and liver are 
capable of handling many times the quantitative functional 
capacity required during normal life and compensate well for 
normal physiological loss with aging, which makes it difficult 
to detect age-related changes in function even though they 
may be apparent on a microscopic level.

Esophagus

In the upper third of the human esophagus, the longitudinal 
and the circular muscles are striated. The second third is 
composed of both striated and smooth muscle fibers, and the 
lower third is entirely smooth muscle. Normal esophageal 
motor function is characterized by a peristaltic wave, which 
begins at the upper esophageal sphincter (UES) and 
propagates through the striated and smooth muscle layers to 
terminate in closure of the lower esophageal sphincter 
(LES). This peristaltic wave is initiated by swallowing, 

which is controlled centrally or by a bolus within the upper 
esophageal lumen (primary and secondary peristalsis, 
respectively). Activation of intrinsic peripheral control, 
which can function independently of the central control 
mechanism, helps propel the peristaltic wave forward 
(Fig. 58.1). The functions of the LES, which are controlled 
both locally and centrally, depend on various factors, includ-
ing myogenic specialization, excitatory and inhibitory neu-
ral elements, and circulating hormones.

Difficulties with swallowing become more prevalent 
with increasing age. Problems with swallowing are multi-
factorial, ranging from physiologic parameters including 
oral, pharyngeal, and esophageal to neurologic conditions 
such as stroke, head injury, and other neurodegenerative 
diseases [1, 2]. Many comorbid conditions are involved 
with abnormal deglutition, which in itself carries increased 
complications of aspiration, pneumonia, dehydration, and 
malnutrition [3]. Ekberg and Feinberg found 84% of 56 
healthy elderly subjects (mean age 83) to have swallowing 
abnormalities compared to that considered in normal young 
persons [4]. Evaluation of videofluoroscopy and radio-
graphs with the subjects erect and recumbent found 
problems at each phase of swallowing. Altogether, 63% of 
the swallowing problems were due to oral abnormalities 
(difficulty ingesting, controlling, and delivering the bolus 
relative to swallowing initiation), 25% were due to pharyn-
geal dysfunction (bolus retention and lingual propulsion or 
pharyngeal constrictor paresis), 39% were due to pharyn-
goesophageal abnormalities (mostly cricopharyngeal 
muscle dysfunction), and 36% were due to intrinsic esoph-
ageal abnormalities (mostly motor in nature). Nilsson et al. 
compared 17 swallowing variables between young (aver-
age age 37) and nondysphagic elderly (average age 81.2) 
patients and found that oral transit time, pharyngeal delay 
time, and pharyngeal transit time in dentate elderly persons 
were prolonged significantly as they required more swal-
lows to clear the oral cavity. Multiple swallows also predis-
posed them to increased inspiration resulting in increased 
coughing [5]. This lack of coordination may explain the 
increased incidence of aspiration that occurs with aging.
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Various UES abnormalities have been shown to be related 
to advance age. Mean resting UES pressure has been shown 
to be a decrease in elderly subjects, and UES relaxation is 
delayed [6]. Combined with the fact that the sensitivity of the 
cough reflex appears to be significantly reduced in elderly 
subjects [7] may increase the risk of aspiration pneumonia. 
Both increased age and aspiration are risk factors for nosoco-
mial pneumonia, which is three times more prevalent in older 
age groups than in the general population [8]. Older subjects 
also tend to have markedly elevated pharyngeal contraction 
pressures, with a reduction in the duration of the upper 
esophageal contraction [9]. These findings help to explain 
dysphagia in some patients.

Presbyesophagus, or degenerating motor function in the 
esophagus, has long been associated with advanced age. 
Whether old age in and of itself is the cause, however, remains 
controversial. Early studies by Zboralske et al. [10] and Soergel 
et  al. [11] found that a reduced rate of peristalsis following 
swallowing in the elderly is accompanied by an increase in 
nonpropulsive contractions. This results in discoordination of 
muscular activity in the esophagus. Other age-related changes 
found were a defect in the initiation of LES relaxation and a 
primary peristalsis shown by cineradiography, intraluminal 
manometry, and balloon kymography in nonagenarians. The 
studies found esophageal motor function to be disorganized 
and inefficient, with various abnormalities, including reduced 
or absent peristalsis, frequent and prominent tertiary contrac-
tions, delayed esophageal emptying, and dilation of the esoph-
agus [11]. Radiographic evaluations on nonagenarians have 
also shown a higher incidence of intrathoracic LES (which 
normally straddles the diaphragmatic hiatus) [10].

These studies have been criticized for having included 
patients with diabetes and senile dementia, diseases that can 
contribute to esophageal dysmotility. However, a later study 
that controlled for these diseases but used younger subjects 
(70–87 years old) found decreased amplitude of esophageal 
peristalsis in the elderly but no increase in abnormal motility 
[12]. Adamek et al. confirm that age is of little significance in 
esophageal dysmotility. This study also showed, however, a 
tendency among the older subjects toward an increase in the 
following parameters: distal pressure amplitudes, quotient of 
distal and proximal pressure amplitudes, distal duration, and 
percentage of simultaneous waves. The percentage of propul-
sive waves and proximal pressure amplitude and duration 
tended to decrease in the subjects [13]. It should also be 
pointed out that the “older” subjects’ median age in this study 
was just 62.4 years.

The contribution of aging to presbyesophagus remains to 
be fully elucidated. Some evidence suggests that dysphagia 
and aperistalsis can be attributed to aging alone in a distinct, 
small group of patients. Meshkinpour et al. performed esoph-
ageal manometry in 562 patients and found that in 29 aperi-
staltic patients no secondary explanation was detected. Of 
these patients, 26 were 65 years or older and only three were 
40 years and younger. They concluded that aging remains a 
possible explanation [14].

Another study used only healthy volunteers to evaluate 
secondary esophageal peristalsis, which is believed to play 
an important role in the volume clearance of the esophagus 
of ingested material left behind after a swallow. This investi-
gation found that in healthy elderly volunteers secondary 
peristalsis is either absent or its stimulation is inconsistent 

Figure 58.1  Movement of food through the pharynx and upper esopha-
gus during swallowing. (a) The tongue pushes the food bolus to the 
back of the mouth. (b) The soft palate elevates to prevent food from 
entering the nasopharynx. (c) The epiglottis covers the glottis to prevent 

food from entering the airway and the upper esophageal sphincter 
relaxes. (d) Food descends into the esophagus (reprinted with permis-
sion from Barett et al. [96]).
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and significantly less frequent compared to that and younger 
volunteers. The frequency of stimulation of LES relaxation 
in response to intraesophageal air distention in the elderly 
was also significantly lower and that of the young. These 
elderly subjects demonstrated normal primary peristalsis, 
indicating an intact central, preganglionic, ganglionic, and 
postganglionic control mechanism. These findings suggest 
an intrinsic defect in the afferent neural pathway, reduced 
concentration (or absence) of tension-sensitive receptors 
within the esophageal wall, or both [15].

Degenerative esophageal neurologic changes in the 
elderly have also been suggested by the study of other esoph-
ageal functions. Graded intraesophageal balloon distension 
was used to evaluate the visceral pain threshold in patients 
older than 65 years compared to those in the young age 
group. Investigators found that upon inflation of the balloon 
10 cm above the LES the mean pain threshold balloon vol-
umes in the young subjects was 17.0 ± 0.8 ml of air, and for 
the elderly subjects it was 27.0 ± 1.4  ml (P < 0.01). In the 
elderly group, five patients felt no pain even at maximum 
inflatable volume of the balloon (30 ml). These data suggest 
an age-related decrease in visceral pain threshold [16].

Some studies have suggested neurologic loss as a possible 
mechanism to explain the facts in both motility and sensory 
thresholds. Histologic data have linked a decrease in the 
number of cells in Auerbach’s plexus as part of the aging 
process in healthy elderly individuals [17]. Filho et  al. 
showed that patients over 70  years had a decrease in the 
number of neurons along the esophagus compared to sub-
jects aged 20–40 years. This decrease in number was accom-
panied by the increase in the size of the neurons, suggesting 
that compensatory growth may be an attempt to maintain 
neuronal density [18]. Recent studies indicate that neuronal 
losses occur in the myenteric as well as submucosal plexuses 
and are linked to the selective preservation of nitrergic over 
cholinergic neurons. The reasons for this specificity are 
unclear [19]. Despite evidence of these age-related changes, 
it has been difficult to show a significant correlation between 
these changes and clinical dysfunction. As more studies are 
done with a growing population of elderly subjects, this 
potential mechanism will be further elucidated.

Stomach

Many of the various functions of the stomach have been 
studied in the aging population. A brief overview of the nor-
mal stomach physiology follows.

The epithelial lining of the stomach lumen is character-
ized by thick folds called rugae, which contained microscopic 
gastric pits. The mucosal surface of the stomach and the lin-
ings of the gastric pits are composed of mucin-secreting 

columnar cells. The gastric glands are contained within the 
gastric pits and are responsible for secreting hydrochloric 
acid (HCl), pepsinogen, gastrin, intrinsic factor, mucus, and 
various gastrointestinal hormones. The capacity of the stom-
ach to produce HCl is directly proportional to the parietal cell 
mass in the glands of the body and the fundus. The parietal 
cells secrete HCl by a process involving oxidative phospho-
rylation, the final step of which is accomplished by a sodium–
potassium “proton pump” located in the apical membrane. 
Regulation of gastric acid secretion is controlled by hista-
mine, gastrin, and postganglionic vagal fibers via muscarinic 
cholinergic receptors [20].

The motor activity of the stomach is essential to digestion 
in both the fasting and fed states. Between meals, contractile 
patterns clear the stomach of undigested material, and then 
the stomach relaxes and expands to receive a food bolus. The 
meal is ground and delivered to the small intestine for further 
digestion. This delivery is accomplished by a complex series 
of muscular contractions in the proximal and distal stomach 
[20]. These distinct physiologic regions of the stomach must 
coordinate contractile function to deliver the stomach con-
tents to the duodenum. Gastric emptying has been found to 
depend on the type of food it contains: liquid, solid, or fat 
[20].

The cumulative effect of stress and exposure to various 
ingested substances over one’s lifetime, such as ethanol, 
aspirin, and toxins, made me as the stomach mucosa and 
atrophic gastritis, gastric atrophy, achlorhydria, and intrinsic 
factor deficiency. These changes are difficult to distinguish 
from those resulting from age alone.

Acid Production

It is generally agreed that gastroduodenal secretory function 
changes with increased age, but the extent and the direction 
of the change remains controversial. Historically, it has been 
accepted that acid secretion declines as a consequence of 
normal aging. This observation, however, was based on 
studies that often included subjects with medical problems 
rather than healthy volunteers. The studies also predated 
understanding of the role of the bacterium Helicobacter 
pylori in acid production. H. pylori, found in more than 75% 
of individuals over the age of 60 [21], may cause transient 
hypochlorhydria in acutely infected patients (Fig.  58.2). 
Although long-term studies have not been conclusive, epide-
miologic data suggest that long-standing H. pylori infection 
may result in reduced acid secretion secondary to atrophic 
changes in the gastric mucosa [22].

A large (n = 437) computer-selected family sample of the 
Finnish population aged 15  years or over was extensively 
studied in 1982 with pentgastrin stimulation and mucosal 
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biopsies. Gastric acid output, expressed as millimoles per 
hour (mmol/h), mmol/kg/h of total body weight (TBW), 
mmol/h/kg of lean body mass (LBM), and mmol/h/kg of 
fat-free body weight (FFB), correlated with the changes in 
the body mucosa but not with those of the antrum. This 
investigation also found that gastric acid secretion declines 
with age but did not attribute this change to aging alone. 
Reduced acid production did, however, correlate with atro-
phic gastritis (Table 58.1). Male patients with normal mucosa 
had no significant change in acid output, and female patients 
with normal mucosa actually demonstrated an increase in 
acid production when expressed in FFB (Table 58.2) [23].

More recently, Haruma et al. in 2000 studied the relation-
ship between gastric acid secretion, age, and H. pylori infec-
tion in 280 patients with various grades of fundic atrophic 
gastritis (FAG) and found that basal and maximal acid output 
decreased with increasing age in H. pylori-positive patients 
while it had no effect on aging H. pylori-negative patients. 
The authors believe that these results correlate with the 
increased prevalence of FAG with age, with the progression 
of FAG directly proportional to the rate of gastric acid secre-
tion [24]. This finding confirms that of prior studies that 
compared gastric acid secretion and H. pylori infection in 
young and old patients, concluding that gastric acid secretion 
does not decline as the result of healthy aging [22, 25]. Only 
gastritis had a negative effect on acid secretion, and H. pylori 
is commonly the causative agent [24, 26].

Studies finding a correlation between atrophic gastritis and 
reduced gastric acid secretion during old age are supported by 
the knowledge of the pathophysiology of pernicious anemia. 
Pernicious anemia is a disease of the elderly, the average 

patient presenting near age 60. With this condition atrophy of 
the gastric mucosa results in decreased intrinsic factor secre-
tion (also a product of the parietal cells), leading to reduced 
cobalamin uptake.

Gastric Emptying

Despite the abundance of data on gastric motility, the effect 
of aging on gastric emptying remains controversial. The 
importance of this finding extends beyond the obvious 
morbidity it causes in affected patients. For example, the rate 
of gastric emptying can influence the rate and extent of 
absorption of orally administered drugs, thereby influencing 
the rate and duration of their pharmacologic effect.

Various radioisotope methods have been employed in 
early studies to evaluate gastric emptying in the elderly 
(Table 58.3) [27, 28]. Horowitz et al. used a double isotope 
technique on healthy young (n = 22; age 21–62, mean age 
34) and elderly (n = 13; age 70–84, mean age 77) subjects to 
evaluate gastric emptying of both liquids and solids. The 
data showed a statistically significant delay in both among 
the elderly subjects [29]. A similar study found that gastric 
emptying of solid foods did not change with age, but a 
delay in liquid phase emptying was observed [30]. In 
another study, Moore et  al. also demonstrated a delay in 
gastric emptying of liquids in the elderly [28]. Evans et al. 
used a modified sequential scintiscanning after administra-
tion of the nonabsorbable chelated radiopharmaceutical 
technetium 99m-diethylenetriaminepentaacetic acid (99mTc-
DTPA) to show that the rate of emptying was significantly 
longer in elderly subjects. The investigators concluded that 
it could explain a delay in absorption of drugs with aging. 
This study, however, did not control for the presence of 
concomitant chronic diseases such as parkinsonism, hypo-
thyroidism, transient ischemic attacks, and strokes [27].

Clarkston et al. [31] used two isotopes to evaluate the gastric 
emptying of solid and liquid foods. The patients were healthy 
young (n = 19, age 23–50) and old (n = 14, age 70–84) volun-
teers who were evaluated sitting at a 45° angle. Gastric empty-
ing of both solids and liquids was found to be delayed in the 
elderly patients. This investigation also found that the elderly 
had reduced hunger and desire to eat after a meal, which was 
thought to be in effect of delayed gastric emptying.

More recently Madsen and Graff [32] studied all segments 
of the GI tract, using the gamma camera technique, to observe 
the transit of radiolabeled liquid and solid meals. Compared 
to young, healthy subjects (aged 20–30, n = 16), they found 
that advanced age (n = 16, age 74–85) did not affect gastric 
emptying or the postprandial frequency of antral contractions 
or transit rate of the small intestine. They did find, however, 
that normal aging may decrease the colonic motility.

Figure 58.2  Age distribution of Helicobacter pylori seropositivity in 
gastric cancer cases (bold line) and normal controls (dotted line). In the 
control group, the prevalence of H. pylori increased significantly with 
advancing age. In patients with gastric cancer, H. pylori seropositivity 
is >70% in patients regardless of age, reflecting that H. pylori infection 
is a risk for development if gastric cancer (from Huang et  al. [97] 
reprinted with permission from Elsevier).
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Table 58.1  Relation of acid output to age, sex, and morphology of the body mucosa acid output

Parameter

Men (ages £ 30 to³ 70) Women (ages £ 30 to³ 70)

Units£30 31–50 51–70 >70 £30 31–50 51–70 >70

Acid output per

Total body weight 0.47 ± 0.19 0.45 ± 0.19 0.33 ± 0.22 0.20 ± 0.20 0.39 ± 0.13 0.37 ± 0.16 0.24 ± 0.18 0.21 ± 0.18 mmol/h/kg TBW
Fat-free body weight 0.60 ± 0.23 0.59 ± 0.25 0.46 ± 0.31 0.29 ± 0.29 0.54 ± 0.18 0.58 ± 0.24 0.40 ± 0.28 0.34 ± 0.29 mmol/h/kg FFBW
Lean body mass 0.62 ± 0.23 0.62 ± 0.27 0.46 ± 0.31 0.28 ± 0.28 0.52 ± 0.17 0.55 ± 0.23 0.37 ± 0.27 0.32 ± 0.28 mmol/h/kg LBW
Prevalence of atrophic  

gastritis (%)a

9 11 25 53 3 8 31 43

Source: Adapted from Kekki et al. [23]
aBody gastritis

Table 58.2  Acid output in relation to morphologic state of the body mucosa

Mucosal status

Acid output (mmol/hr) Acid output (mmol/hr/FFB)

Men Women Men Women

Normal 36.5 ± 13.2a 24.2 ± 13.3b 0.63 ± 0.20 c 0.60 ± 0.20 d

Superficial gastritis 31.5 ± 15.1e 21.1 ± 17.9 f 0.57 ± 0.26 g 0.51 ± 0.22 h

Slight atrophic gastritis 15.2 ± 13.8i 10.33 ± 18.4 j 0.31 ± 0.26 k 0.25 ± 0.28 l

Moderate and severe atrophic 
gastritis

2.2 ± 4.4m 1.38 ± 4.0 n 0.04 ± 0.10 o 0.03 ± 0.09 p

Source: Adapted from Kekki et al. [23]
a vs. b, P < 0.001; c vs. d, NS; e vs. f, P < 0.001; g vs. h, NS; i vs. j, NS; k vs. l, NS; m vs. n, NS; o vs. q, NS; a vs. e, P < 0.05; c vs. g, NS; e vs. i, 
P < 0.001; g vs. k, P < 0.001; b vs. f, NS; d vs. h, P < 0.01; f vs. j, P < 0.001; h vs. l, P < 0.001; j vs. n, P < 0.001; l vs. q, P < 0.001

Table 58.3  Gastric emptying studies using radiolabeled foods

Study Year Method

Mean age Elimination time (min)

Elderly Young Elderly (solids) Young (solids) Elderly (liquids)

Evans et al. [27] 1981 99mTc-DTPA 77 (n = 11) 26 (n = 7) – – 123 ± 23a

Moore et al. [28] 1982 Dual isotope 76.4 (n = 10) 31 (n = 10) 105 ± 17a 104 ± 10 a 94 ± 13a

Horowitz et al. [29] 1984 Dual isotope 77 (n = 13) 34 (n = 22) 103 ± 8a 78 ± 4a 25 ± 3a

Kao et al. [30] 1993 99mTc-phylate 67 (n = 39) 34 (n = 7) 89 ± 17.8a 88 ± 18.2a 46.2 ± 11a

Clarkston et al. [31] 1997 Dual isotope 76 (n = 14) 30 (n = 19) 182 ± 26a 127 ± 13a 47 ± 4a

Madsen and Graff [32] 2004 111In-DTPA/99mTc 81 (n = 16) 24 (n = 16) 183.5 ± 9.2 150.5 ± 7.5 150.66 ± 7.5
aHalf life of elimination of radiolabeled foods from the stomach

Gastric emptying is regulated in part by stomach myo-
electric activity, which occurs at the membrane level of the 
gastric smooth muscle. The electrical membrane potentials 
of each region of the stomach differ as measured by electro-
gastrography (EGG). EGG abnormalities occur in various 
pathologic states of the stomach. For example, gastric dys-
rhythmias have been reported in patients with gastroparesis, 
idiopathic for diabetic peptic ulcer disease [20], functional 
dyspepsia (associated with tachygastria) [33], gastroesopha-
geal reflux disease (associated with gastric dysrhythmias) 
[34], and chronic intestinal pseudoobstruction (associated 
with various gastric dysrhythmias). Despite these findings, 
abnormal EGG tracings alone do not necessarily correlate 
with symptoms.

The basal electrical rhythm (BER), or the slow wave, is a 
cyclic change in the membrane potential, which varies in dif-
ferent regions of the stomach (Fig.  58.3). The membrane 
potential is generated by the membrane sodium–potassium 

pump. The BER is associated with minimal contractile activity 
and does not result in detectable gastric peristalsis. The BER 
in the stomach, which originates in a pacemaker located in the 
mid-corpus along the greater curve, is propagated through gap 
junctions between adjacent smooth muscle cells. Vagotomy in 
humans has been shown to have no effect on the amplitude, 
rhythm, frequency, direction, or velocity of propagation of the 
electrical potentials, implying that the initiation of the current 
is a myogenic phenomenon [35]. This finding, along with an 
equally ineffectual denervation of nonvagal extrinsic stomach 
fibers, has also been confirmed in dogs [36].

In the distal stomach and duodenum, a cyclic contractile 
pattern called the interdigestive migrating motor complex 
(MMC) exists and is characterized by four phases. The 
contractions are associated with a myoelectric spike of 
attention superimposed on the basal electrical rhythm. The 
spikes are associated with rapid calcium influx into the 
cells. Phase I is characterized by a period of quiescence, 
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phase II is irregular motor activity, phase III is regular 
contraction that sweep the gastrointestinal tract in a peri-
staltic manner, and phase IV represents a brief period of 
irregular activity [20].

Abnormalities in gastric myoelectric activity have been 
associated with various gastric maladies, although patients 
with EGG disturbances alone do not necessarily have symp-
toms. There is evidence that the normal postprandial EGG 
frequency is less pronounced in elderly men [37].

Some studies have shown delayed gastric emptying in the 
elderly, but it has been difficult to show that it is associated 
with any clinical deficit. Other studies have found that there 
is no difference in gastric emptying between young and 
elderly subjects. Studies that evaluated only neuromuscular 
changes similarly were inconclusive about clinical relevance. 
If aging alone results in any gastric motility impairment, it is 
likely not clinically relevant.

Gastric Cancer

Because the peak incidence of gastric cancer is among 
patients older than 50 years, it is considered a disease pri-
marily of the middle-aged and the elderly. Gastric cancer is 
also of interest to those studying the elderly because although 
its incidence in young patients has remained consistent, that 
in elderly patients as increased. Also, despite similarities in 
young and elderly patients in terms of tumor biology [char-
acterized, e.g., by the magnitude of overexpression of the 
tumor suppressor gene p53 and the increased levels of other 

cellular markers, such as proliferating cell nuclear antigen 
(PCNA)], the survival rate after curative resection has been 
shown to be decreased in the elderly. Earlier studies 
suggested that elderly patients with gastric cancer have 
poorer survival than younger patients despite a similar rate 
of tumor extension [38], but more recent studies have shown 
that elderly patients do not have a worse prognosis than 
younger patients. Kim et  al. [39] retrospectively reviewed 
the records of 331 patients [young groups (<36  years, 
n = 137) and old groups (>70  years, n = 194)] with gastric 
carcinoma who had undergone curative and noncurative 
resection from 1986 to 2000 (Fig.  58.4). The elderly and 
young patients had similar distributions with respect to depth 
of invasion, nodal involvement, hepatic metastasis, perito-
neal dissemination, tumor stage at the initial diagnosis, and 
type of surgery. Based on these records, they found that at 
5 years, the survival rates of elderly and young patients did 
not differ (noncurative: 52.8 vs. 46.5%, P = 0.5290; curative: 
67.0 vs. 60.0%, P = 0.3100). Additional studies, such as 
those by Pisanu et al. compared elderly (age >75) and young 
subjects who had undergone curative gastrectomy and found 
that elderly patients have no worse prognosis than younger 
patients (the 5-year survival rate was 56.2% in the older 
group vs. 62.1% in the younger group). However, unlike 
younger patients, elderly patients often have more comor-
bidities and as such have a higher surgical risk, which, along 
with tumor stage and future quality of life, impacts operative 
planning [40]. As prognosis is dictated by tumor stage, oth-
ers have postulated that the tumor is physiologically differ-
ent than in younger patients as aged cells tend to undergo 
more methylation, apoptosis, and telomeric dysfunction. 
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Figure 58.3  Myoelectric activity from the human stomach. Electrodes 
1–4 were placed in the fundus, corpus, and proximal antrum and at the 
antral-pyloric juncture, respectively. The fundus is myoelectrically 
quiet. The BER is seen in tracings 2 and 3 and is associated with cyclic 
membrane depolarization. No contractions are associated with the BER. 
Rapid depolarizations of the proximal drive the myoelectric activity of 

the distal stomach. The pace-maker rests on the greater curvature of the 
stomach at the fundocorpal border. Spike potentials are seen in tracing 
4 in the region of the antrum and pylorus. They are associated with 
contractions and therefore, emptying of the stomach (from Hinder and 
Kelly [35], with permission).
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It is for this reason that gastric cancers in the elderly tend to 
be poorly differentiated [41].

Loss of gastric acidity is related to an increased risk of 
developing gastric cancer. It is manifested in the elderly by 
achlorhydria, atrophic gastritis, or pernicious anemia. It can 
also be the result of previous gastric resection for ulcer 
disease. The loss of gastric acidity may permit bacterial 
growth of the pathogen H. pylori, adding another indepen-
dent risk factor for gastric cancer [42]. The risk of gastric 
cancer has been shown to be increased fourfold in H. pylori-
positive persons. Although this may not reflect a causative 
relation, infection by H. pylori creates an environment of 
chronic gastritis and intestinal metaplasia to promote neo-
plastic change [43].

Mucosa-associated lymphoid tissue (MALT), which 
progresses to MALT lymphomas, has also been linked to H. 
pylori infection. Eradication of the H. pylori infection by 
oral antibiotic therapy has been shown to result in complete 
remission of the disease in some patients, especially those 
with early stage (stage I–II) MALT lymphomas [44].

Small Intestine

Over the course of an individual’s life, enormous quantities 
of nutrients are processed through the small intestine. This 
makes the small intestine a likely place for potential changes 
with advancing age secondary to prolonged functioning and 
exposure to multitudes of potential carcinogens over time. 
Additionally, the small intestine is an organ of epithelial 
regeneration, turning over its cellular population often. This 
unique characteristic may be involved in the physiologic 
changes that occur with aging.

Motility

Advanced age is associated with a decrease in body weight, 
reduced caloric intake, and frequent gastrointestinal com-
plaints. In fact, as many as 15% of adults have functional 
bowel complaints [45]. The effect of advanced age on the 
motility of the small intestine, however, is still unknown 
[46]. One way to evaluate small bowel motility is by study-
ing the MMC, the ordered array of myoelectric activity and 
muscular contractions that travel down the small intestine in 
an aboral direction during fasting. The four phases of the 
MMC can be monitored by electrical activity, muscular con-
tractions, intraluminal pressure, and intestinal transit times.

Husebye and Engedal [46] prospectively studied 15 
healthy elderly subjects (age 81–91) and 19 young healthy 
controls, with ambulatory intraluminal manometry 
performed at home. This study found all subjects to have 
recurrent MMCs during fasting, with similar periodicity in 
old and young adults (P = 0.4) (Fig. 58.5). Duration of post-
prandial motility, amplitude, and frequency of contractions 
during phase III and the postprandial state was also pre-
served in the elderly subjects. Interestingly, the propagation 
velocity was slower (6.5 ± 0.8 vs. 10.8 ± 1.2  cm/min), and 
intermittent propagated clustered contractions were more 
frequent in the older subjects (Fig.  58.6). However, these 
minor-to-moderate changes were also within the range of 
healthy younger adults and are unlikely to have clinical 
relevance. The investigators concluded that small intestinal 
motility, for the most part, is preserved in healthy elderly 
subjects. Intestinal disorders such as maldigestion, malab-
sorption, and bacterial overgrowth should not be attributed 
to age-related hypomotility [46].

As previously mentioned, Madsen and Graff [32] 
confirmed these findings using solid and liquids meals with 

Figure 58.4  Survival curves time for patients undergoing curative resec-
tion for gastric cancer (a) noncurative resection or (b) curative resection in 
a Korean study. The patients were stratified to young (<36 years, n = 137, 

thin line) and old groups (>70  years, n = 194, heavy line). The 5-year 
survival rates of young and elderly patients did not differ statistically 
regardless of surgery type. (From Kim et al. [39], with permission).
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Figure 58.5  Propagated cluster contractions (PCCs) in the small intes-
tine during the postprandial state in an old adult. A typical sequence of 
repeated PCCs at intervals of 1–2 min is shown. The bottom tracings in 
both boxes correspond to the duodenal sensor, and the top tracings show 

the recording from the proximal jejunum. These contractions are seen 
in increased frequency in the old person when compared with young 
controls (from Husebye and Engedal [46], with permission from Taylor 
and Francis).

radionucleotide tracers in healthy elderly subjects and 
compared it to that of younger subjects and found that 
advanced age did not affect small intestinal transit time 
(Fig. 58.6). This is also consistent with Argeny et  al. who 
similarly evaluated transit times in ten young and nine elderly 
volunteers (using 99mTc-sulfur colloid-labeled eggs) and also 
found no difference between young and elderly subjects. The 
authors did note that there was a wide normal range of transit 
times in normal subjects and significant intrasubject biologic 
variability [47]. This is not uncommon in motility studies 
and is an important point highlighting the small bowels 
reserve capacity.

Morphology

There is little data concerning structural changes with 
increasing age on the human small bowel. In a study con-
ducted in 1975, the jejunal mucosa for necropsies of 32 
patients under the age of 60 (mean age 43) and 39 patients 
ages 67–90 (means age 80) were evaluated microscopically. 
Only minor differences were noted in the villous morphol-
ogy between the young control group and older subjects. 
Specifically, broader, shorter villi were found to be more 
common in the elderly. This led the authors to postulate that 

Figure 58.6  Small intestinal transit of liquid and solid marker in 16 older 
and 16 young volunteers. Horizontal bars indicate mean values (from 
Madsen and Graff [32], by permission of Oxford University Press).
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this minor difference in total villous surface explains some 
absorption problems with age [48].

Warren et  al. compared the small intestine histology of 
ten well-nourished elderly patients ages 60–73 to that of ten 
similar patients aged 16–30. A highly significant reduction 
in the mucosal surface area was found in the older age group 
(Fig. 58.7). The mean villous height was also slightly reduced 
and the breadth slightly increased, but these differences were 
not significant [49].

Corazza et  al. evaluated the small bowel mucosa of 16 
elderly patients and 22 younger controls (all with abdominal 
symptoms) to determine the surface area/volume ratio of 
jejunal mucosa using microscopic pointing techniques. This 
technique is performed by counting the number of times the 
standardized lines of a reticule intersects the jejunal mucosal 
surface under a set magnification. The surface area/volume 
ratio, which is an index of the extent of the mucosal surface 
area, was determined. No significant difference was found 
between the two groups for either parameter [50]. In a later 
study, Corazza et al. [51] showed through immunohistochem-
istry that this is likely linked to increased expression of a 
marker of enterocyte proliferation: proliferating nuclear cell 
antigen (PCNA) in both the crypts and villi of the human 
small bowel. The immunoreactivity and availability of PCNA 
results in a hyperproliferative state with rapid enterocyte 
migration. Ciccocioppo et al. [52] also suggests that in addi-
tion to the hyperproliferative state the maintenance of human 
intestinal morphology in the elderly is promoted by exagger-
ated apoptosis resulting in cellular immaturity. While these 
varying cascades allow the morphology of the small bowel to 

remain intact with age, these authors surmise that it may be a 
contributing factor to the development of malabsorption in 
the elderly.

The integrity of small intestinal mucosa may age along 
with the host. The lactulose/mannitol test has been used to 
evaluate intestinal permeability in humans. The test is based 
on the comparison of the absorption of a monosaccharide 
(mannitol), which is absorbed transcellularly, to a disaccha-
ride (lactulose), which is absorbed paracellularly. The uri-
nary lactulose/mannitol ratio after oral administration is a 
reproducible measure of small intestine mucosal integrity. 
The ratio is increased when the mucosal integrity is disrupted. 
In a prospective cohort using healthy volunteers, Saltzman 
et al. found small intestinal permeability, or “leakiness,” not 
significantly altered with age [53]. Riordan et al., using the 
same test, found that although intestinal permeability 
increases with small intestine bacterial overgrowth with 
colonic-type bacteria, this effect is independent of age [54]. 
Similarly, the thickness of the small bowel was found by 
deSouza et  al. to be unchanged in the elderly. The latter 
investigation also found that the density of nerve cells in the 
myenteric plexus of the small bowel is decreased in the ages 
small intestine [55]. This implies that the intrinsic innerva-
tion of the human intestine is reduced during old age.

Absorption

Malnutrition in the elderly has been theoretically attributed 
to malabsorption at the level of the intestinal epithelium [56]. 
However, there is evidence that age alone does not adversely 
affect brush border enzymes. Wallis et al. collected 38 duo-
denal biopsy specimens from patients 55 to 91 years of age. 
Tissue was evaluated for the activity of the brush border 
enzymes maltase, sucrase, lactase, alkaline phosphatase, leu-
cine aminopeptidase, and a-glucosidase. The study demon-
strated no significant effect of age in the specific activities of 
these enzymes. It also found that glucose transport was not 
changed with extremes of age [58].

Using probe molecules that are absorbed by active and 
passive intestinal transport and are easily recovered in the 
urine, Beaumont et  al. found no significant age-related 
decline in passive absorption of carbohydrate either in 
healthy nonhospitalized individuals or in elderly long-stay 
hospital residents [58]. In another study, Arora et al. investi-
gated three aspects of intestinal absorption in the elderly and 
found no significant change. A series of 114 healthy adult 
volunteers (age 19–91) were started on a diet of100 g of fat 
per day 1 day prior to testing. The subjects remained on the 
diet for the following 72 h as their stools were collected and 

Figure 58.7  Relation of the intestinal mucosal surface area to the age 
of the patient. An indirect statistically significant correlation is noted 
(from Warren et al. [49], with permission from Elsevier).
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tested for fecal fat. There was no change with advancing age. 
In another arm of the study, 25 g of d-xylose was given orally 
to 54 fasting volunteers (56–86  years; 20 men and 34 
women). Serum and urinary xylose levels were measured. 
There was no significant difference in d-xylose serum levels 
between young and elderly volunteers. Although urinary 
excretion of d-xylose in the elderly was found to be signifi-
cantly decreased (P < 0.02), there was a concomitant decrease 
in the creatinine clearance with advancing age (P < 0.01). 
This suggests a decrease in renal function rather than a prob-
lem with absorption as the reason for decreased d-xylose 
levels in the elderly. In the third part of the study, [14C] gly-
cocholate breath tests were performed in 60 healthy volun-
teers [30 were ³30 years (15 men and 15 women) and 30 
were ³60 years (15 men and 15 women)]. This test is used to 
assess increased deconjugation of bile salts, which suggests 
bacterial overgrowth of the small intestine. There was no evi-
dence of an age-associated increase in bile salt deconjuga-
tion by intestinal bacteria [59].

Malabsorption in the elderly has been shown to correlate 
with bacterial overgrowth. Vantrappen et al. [60] measured 
intraluminal pressures at the gastric antrum and at different 
levels of the upper small intestine to assess the interdigestive 
motor complex in 18 normal subjects (ages 18–71  years) 
with normal 14CO

2
 acid breath test and 18 subjects with 

abnormal 14CO
2
 acid breath test. Nine patients with various 

digestive diseases but negative 14CO
2
 acid breath tests were 

studied as an additional control group. All but five patients 
had normal interdigestive motor complexes and the five 
patients in whom the motor complex was absent or greatly 
disordered had bacterial overgrowth as evidenced by 14CO

2
 

bile acid breath tests. These observations show that changes 
in interdigestive motor complexes occur in patients with bac-
terial overgrowth and as such it is a possible mechanism for 
malabsorption absence of structural abnormalities.

MacMahon et  al. [61] evaluated 30 elderly patients 
between 68 and 90 years of age for small intestinal bacterial 
overgrowth (SIBO). Advancing age correlated significantly 
with rising counts of strict anaerobes in the small bowel. The 
investigators thought that malabsorption in these patients 
was not related to bacterial overgrowth because metabolic or 
nutritional abnormalities could be attributed to alternative 
causes. This refutes an earlier study done by McEvoy et al. 
who studied 490 patients over age 65 and found that 71% of 
the malnourished patients (those in whom poor diet  alone 
was not a factor) had bacterial overgrowth [62].

Fat is a major source of caloric intake, and as such its 
absorption is an important area of investigation in the elderly. 
Fat absorption is a complex process involving four major 
phases: (1) Intraluminal processes (digestion and solubiliza-
tion); (2) mucosal uptake; (3) intracellular reesterification 
and lipoprotein synthesis; and (4) export for the enterocyte 
into the lymph. Although disruption of any of these phases 

can lead to fat malabsorption, this too is rarely observed in 
elderly patients. In a study of 114 healthy, free-living sub-
jects ages 19–91 years, Arora et al. found that on a diet of 
100 g of fat per day, fecal fat in a 72-h collection did not 
increase with advancing age. Lipid digestion and absorption 
are well preserved in aging individuals [59].

Liver and Biliary Function

The liver is responsible for the synthesis of clotting factors 
and the metabolism of toxins, including anesthetics, analge-
sics, and sedatives, all of which are important in elderly surgi-
cal patients. The liver in adult men has been found to increase 
in size only marginally, from a median weight of 1,820 g at 
age 25 to a median weight of 1,840  g at age 55. It then 
decreases by 20% to a median weight of 1,480 g by age 75. 
The median weight of the female liver similarly changes from 
1,430–1,460 g during the range of 20–60 years, to 1,180 g by 
75 years (Fig. 58.8) [63]. At the microscopic level, the histol-
ogy reveals a loss of mitochondria and smooth endoplasmic 
reticulum [64]. Blood flow to the liver is also reduced with 
aging. Sherloch et  al. used the bromsulfalein technique to 
estimate hepatic blood flow in 29 men and found a decrease 
in flow with increasing age of about 1.5% per year. At age 65, 
hepatic blood flow would be expected to be reduced by about 
40–45% compared with that of a 25-year- old [65]. There is 
some controversy as to whether a reduction in liver function 
with age is attributable to these physical changes or there is 
some intrinsic age-related cellular change [66].

In another branch of their study of 60 healthy, adult 
volunteers, Arora et  al. performed [14C] the aminopyrine 
breath test that measures the rate of demethylation by hepatic 
microsomes, thereby estimating the capacity of hepatic 
microsomal phase I monooxygenases. This study was unable 
to show a statistically significant difference between young 
and elderly subjects and concluded that hepatic functions are 
generally well preserved during the normal human aging 
process [59].

Many pharmacokinetic studies in human subjects have 
suggested that the clearance of drugs metabolized by oxida-
tion–reduction is reduced in the elderly by 10–50% [65]. 
One way to evaluate liver function in aging is to study the 
liver’s store of cytochrome P450 and its functional capacity. 
Sotaniemi et  al. examined liver biopsy samples from 226 
patients (102 women and 124 men) with equal histopatho-
logic conditions. This was ensured by dividing the liver biop-
sies into three groups using standard histopathologic 
conditions: (1) apparently normal liver histologic diagnosis; 
(2) subjects with slight-to-moderate changes in the liver 
parenchyma (fatty liver, fatty liver with fibrosis, degree of 
fibrosis 1–3, and reactive changes such as granulomas or 
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portal infiltrates); (3) subjects with severe changes (cirrhosis 
and hepatitis). They evaluated the cytochrome P450 contents 
in liver biopsy samples and the plasma antipyrine (phenzone) 
clearance rates, which tests for hepatic drug metabolizing 
capacity. The study found that cytochrome P450 content in 
subjects 20–29 years was 7.2 ± 2.6 mmol/g; it increased dur-
ing the fourth decade to 7.6 ± 2.5 (+7.2%, P = NS) and 
declined after age 40 to 6.1 ± 2.2 (−16%, P < 0.01), a level 
that remained relatively constant until age 69. It declined fur-
ther to 4.8 ± 1.1 after age 70 (−32%, P < 0.001). The antipy-
rine clearance rate in young subjects was 46.4 ± 18.5 ml/min, 
remained unaltered during the fourth decade, and declined 
after age 40 by a rate of 0.34 ml/min per year toward old age 
(−29%, P < 0.001). The antipyrine half-life also changed dur-
ing old age, increasing linearly from 9.6 ± 2.0  h in young 
subjects (20–29 years) to 12.1 ± 3.1 h in the elderly (>70 years) 
(+26%, P < 0.001). There was also a decline in the apparent 
volume of distribution of the drug: 0.46 ± 0.12 l/kg in young 
subjects (20–29 years) and after a linear decline with aging 
0.40 ± 0.07 l/kg in middle-aged subjects (60–69 years) and to 
0.41 ± 0.09 l/kg in the elderly (70 years) (−11%). This reduc-
tion of liver drug metabolism with age, along with a decline 
in cytochrome P450 content in livers of the elderly, suggests 
primary hepatic aging. The authors concluded that caution is 
advisable when using drugs metabolized by the liver in the 
elderly and that elderly patients should be closely monitored 
for high blood levels caused by reduced drug metabolism, 
drug interactions, or both [67]. Aging of the liver may not be 
readily apparent in the healthy individual; and it is often 
unmasked only by stress, illness, or infection.

In addition to any changes due solely to aging, the liver is 
particularly susceptible to the toxic effects of environmental 
agents such as cigarettes and ethanol. Its decline in function 
is secondary to decreased size and blood flow can be attrib-
uted to nonhepatic factors, such as reduced cardiac output 
and age-related reduction of trophic factors from the pan-
creas via the portal system such as insulin and glucagon [65]. 
Here again it is difficult to determine how much functional 
decline can be attributed solely to age, as the liver has a large 
reserve capacity, but there is some evidence of physical 
change.

Increasing age is known to be associated with a high 
incidence of gallstones in both sexes. This was confirmed 
by a large (n = 1,000) study in which multiple logistic 
regression was used to show that age was the most impor-
tant variable associated with cholelithiasis [68]. Another 
study that supported this finding was the Multicenter Italian 
Study on Epidemiology of Cholelithiasis (MICOL). In this 
study, data from 29,584 individuals (15,910 men and 13,674 
women) examined in 14 cohorts (with a participation rate 
above 50%) were collected. Increasing age was again found 
to be associated with an increased incidence of gallstone 
disease, by both univariate and multivariate analyses in 
men and women. Interestingly, gallstone disease was also 
associated with decreased serum cholesterol [69], which 
may be related to a high proportion of biliary cholesterol 
and the lithogenic index, which have been shown to be ele-
vated in elderly women. Valdivieso et  al. reported that 
41.7% of elderly women had supersaturated bile compared 
to 8.3% of younger women [70].
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Liver regeneration is known to occur after resection, and 
this effect has been studied in the elderly. The livers of aged 
rats have been found to have decreased regenerative capacity 
by PCNA [71] and [3H] thymidine incorporation [72]. This 
finding has been contradicted in human studies which found 
that there is no relation between advanced age and regenera-
tive capacity.

Pancreas

Like the liver, the pancreas progressively atrophies with age. 
Histopathologic findings associated with it include increased 
ectasia of the pancreatic ducts as well as interlobular fibrosis, 
ductal hyperplasia, and narrowing of the pancreatic ducts 
[73]. Despite this, the pancreas, similar to other areas of the 
GI tract has enormous reserve capacity, making it difficult to 
attribute pancreatic changes solely to old age.

As acinar cells make up 80% of the pancreas, an effective 
way to assess pancreatic function is to test for exocrine out-
put in response to infusion of secretin and cerulein. When 
this test was performed on 25 subjects over the age of 60, no 
statistically significant decrease in pancreatic output was 
observed compared with that in 30 young controls [74]. The 
same group subsequently confirmed their findings with an 
updated, elegant method of evaluating pancreatic function – 
the fluorescein dilaurate (pancreolauryl) test. For this test, 
subjects are given the synthetic, poorly water-soluble ester 
fluorescein dilaurate orally. In the duodenum, this compound 
is hydrolyzed by pancreatic arylesterases into lauric acid and 
free water-soluble fluorescein. The fluorescein is absorbed in 
the small intestine, conjugated in the liver, and excreted in 
the urine. Fluorescent activity in the urine output correlates 
with pancreatic function and digestive capacity. Sixty healthy 
elderly subjects (aged 66–88, mean age 78 years) were com-
pared to 36 healthy younger subjects (aged 21–57, mean age 
36 years). No significant differences in pancreatic function 
could be shown between the elderly under age 80 and those 
over age 80 [75].

Another way to evaluate pancreatic exocrine function is 
to determine serum levels of pancreatic enzymes. Carrere 
et  al. compared immunoreactive tryspinogen and lipase in 
healthy elderly adults and younger adult controls. This inves-
tigation found that the pancreatic enzymes were similar in 
young and elderly adults, with no significant differences 
between the groups [76].

It has been established that humans become glucose intol-
erant with age. It is still somewhat controversial, though, 
whether this change is due to beta-cell failure, peripheral 
insulin resistance, or a combination of both. Discerning 
between each of these is difficult. Elahi et  al. conducted a 
glucose clamp study, in which a hyperglycemic state is 

induced to differentiate the intrinsic functions of beta cells 
from peripheral insulin resistance. Two hundred and thirty 
hyperglycemic clamps were done on 85 young (age 24–39), 
47 middle-aged (age 40–59), and 98 old (age 60–90) sub-
jects [the latter group was further divided into old-normal 
and old-impaired, based on the results of the oral glucose 
tolerance tests (OGTT)]. Although OGTTs were worse in 
the elderly group, insulin responses during the clamp were 
not statistically different for this group as a whole. 
Additionally, insulin-dependent glucose uptake, a measure 
of tissue sensitivity to insulin, was decreased in the old-
impaired group at each hyperglycemic plateau except the 
highest. This finding supports the view that glucose intoler-
ance is due to insulin resistance [77].

Alteration in beta-cell function has also been shown in the 
elderly . Szoke et al. examined the effect of aging on insulin 
secretion (first phase and second phase) and insulin sensitivity 
in people with normal (NGT) and impaired glucose toler-
ance (IGT) tests. The study pool consisted of a total of 396 
subjects (266 individuals with NGT and 130 individuals with 
IGT) aged 20–70 years. Changes in beta-cell function and 
insulin sensitivity were compared using the homeostasis 
model assessment HOMA indexes of beta-cell function, and 
insulin resistance calculated from fasting plasma insulin (in 
microunits per liter) and glucose (in millimoles per liter) 
concentrations. The authors found that beta-cell function 
was inversely correlated with age in the normal glucose 
tolerance group (NGT) (P = 0.003) such that with each 
decade it decreased 11% (~1.1% per year). No significant 
correlation with age was found in the IGT group (P = 0.53). 
First-phase insulin release was negatively correlated with 
age in both groups (all P < 0.05) with the index for first- and 
second-phase insulin release decreased similarly at a rate of 
approximately 0.7% per year in people with NGT. In people 
with IGT, the disposition indexes for first- and second-phase 
insulin release decreased at greater rates (approximately 2.2 
and 1.4% per year, P = 0.002 and 0.009, respectively, vs. 
NGT), with the decrease in first phase being greater than that 
of second phase (P = 0.025). Second-phase insulin release 
did not change with age in either group [78]. Therefore, it 
likely the combination of both decreased insulin secretion 
and insulin resistance that leads to glucose intolerance with 
advanced age.

Colon

Despite the abundance of data suggesting that colonic transit 
time is not decreased in the elderly, constipation, defined as 
fewer than three bowel movements per week [79], continues to 
be one of the most common chronic digestive complaints in 
this population [80]. About 9–34% of men and women over 
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age 65 suffer from constipation compared to 4% of the younger 
population and 19% of the middle-aged population. The cause 
of constipation is typically ascribed to a low-fiber diet, seden-
tary lifestyle, and colonic motility disturbances [21] 
(Table  58.4). Of course, routine screening for colon cancer, 
including serial stool guiac tests, flexible endoscopy, or barium 
enema, is mandatory for the workup of new constipation.

There is a high rate of laxative use in the elderly (reported in 
32% of nursing home patients). Constipation in the elderly may 
produce serious complications, such as acute mental confusion, 
urinary retention, urinary incontinence, fecal impaction, sterc-
oral ulceration, and even bowel perforation. The primary symp-
tom older people use to describe their constipation is the feeling 

of having to strain excessively to defecate. This may be due to 
outlet delay caused by pelvic dyssynergia, which is a paradoxi-
cal increase in anal canal pressure during attempts to defecate. 
This was found to be the predominant mechanism for constipa-
tion in ten of ten otherwise healthy patients over 65 in a study 
done by Cheskin et al. Colonic inertia, or total gut transit time 
over 67 h, was found in two of these patients, and rectosigmoid 
contractions in response to balloon distention was seen in only 
one subject [81].

The reasons for constipation in the elderly are multifacto-
rial, resulting from decreased muscle tone and motor function 
of the colon causing decreased propulsive action. Madsen and 
Graff [32] studied gut motility and found that normal aging 
decreased colonic motility (age 74–85). Another possibility is 
a decrease in the neuron density in the myenteric plexus. 
Gomez et al. found that there was a 37% decrease in the num-
ber of neurons in the myenteric plexus in six colon specimens 
from elderly patients (average age 77.7 ± 7.6 years) with no 
previous digestive pathology [80]. Similarly, Koch et  al. 
found a significant decrease in inhibitory junction potential in 
human colon with age, an association noted with other func-
tional obstructions, as in Hirschsprung’s disease [82]. This 
reduced propagation velocity likely explains the decreased 
rectal compliance often seen in elderly patients with constipa-
tion. A noncompliant rectum would be consistent with an 
infrequent urge to defecate, presence of stools in the rectum 
for a prolonged period of time, and finally, the straining often 
resulting in the passage of hard, pellet-like stools [83].

Constipation is also a side effect of many drugs com-
monly used in the elderly. In a study of 800 nursing homes, 
residents (age 65–105, mean 84.5 years) who were receiving 
psychoactive medication. Monane et al. evaluated the rela-
tion of these drugs to constipation based on reported fre-
quency of laxative use. The investigators found that laxative 
use was significantly higher in residents taking highly anti-
cholinergic antidepressants such as amitriptyline (odds ratio 
3.12), diphenhydramine (odds ratio 2.18), or highly anticho-
linergic neuroleptics such as thioridazine (odds ratio 2.01); it 
was also high in the very old (age ³85) (odds ratio 2.23). 
Among the factors that did not show a correlation with 
increased laxative use were gender, decreased functional sta-
tus, impaired cognitive function, and the use of benzodiaz-
epines or antiparkinsonian agents [84].

Anorectum

Anorectal physiology plays a major role in the function of 
large bowel and in pelvic disorders [85]. The increase in fecal 
incontinence and constipation seen during old age is some-
times caused by mechanical changes in the rectum known as 
pelvic outlet obstruction [86]. Anal incontinence is seen 

Table 58.4  Causes of constipation

Primary
Increased colonic mass movement of unknown etiology
Impaired relaxation of the pelvic floor
Congenital innervation disease (Hirschsprung’s disease)
Rectocele
Prolapse

Secondary

Medications Iron
Calcium
Opioids
Anti-cholingerics
Antipsychotics
Anticonvulsants
Tricyclic antidepressants
Calcium channel blockers

Neurologic CVA
Spinal cord lesions
Parkinson’s disease

Autonomic neuropathy
Muscular dystrophies
Multiple sclerosis

Dietary and  
environmental

Low fiber diet
Irregular bowel habits
Immobility

Mechanical Colon cancer
Stricture
Intussusception
Extrinsic mass pressure
Volvulus
Sphincteric  
(fissure, hemorrhoids)

Metabolic Hypercalcemia
Hyperkalemia
Uremia

Hypocalcemia
Hypomagnesemia

Endocrine Diabetes
Hypoparathyroidism
Pheochromocytoma
Pregnancy

Hypothyroidism
Addison’s disease

Myopathies Amyloidosis
Myotonic dystrophies

Psychologic Depression
Anxiety

Source: Data from Cheskin [98]
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predominantly in women, increases with advancing age, and 
is due to insufficient anal sphincter function. In a study of 61 
healthy women with a mean age of 44 (age range 20–90), the 
anal pressure was recorded along with rectal compliance and 
sensation, through use of manometry, balloon distention, and 
a visual analog scale, respectively. Anal sphincter appearance 
and pelvic floor motion also were assessed by static and 
dynamic magnetic resonance imaging, respectively, in 38 of 
61 females. Age-related changes were found along the length 
of the anal canal where the rectal compliance, anal resting 
and squeeze pressures, rectal compliance, rectal sensation, 
and perineal laxity were all reduced in older subjects [87].

In another study that explored the relationship between 
age and anorectal function, McHugh and Diamant [88] mea-
sured the resting anal canal pressures (RAP) and maximal 
squeeze pressures (MSP) of 143 incontinent patients and a 
control group of 157 healthy patients (aged 20–89). In healthy 
men and women age 40 and older, there was a decrease in 
RAP and MSP (women > men). For women, parity did not 
correlate with RAP or MSP. In the group with fecal inconti-
nence (FI), 39% of females and 44% of males fell within the 
“normal” range for both the RAP and MSP. For all patients 
with FI, 41 and 17% had impairment of one or both parame-
ters, respectively. As you can see, defining appropriate ano-
rectal functioning is difficult, as a good deal of fecally 
incontinent men and women fell into the “normal” range.

Parity, however, may be associated with rectal prolapse 
that has a higher incidence in women and the elderly and is 
thought to be related to pelvic floor disease. In this condition, 
the rectum bulges into the perineum, tightening the puborec-
talis, and increasing anorectal angulation. The pudenal nerve 
is stretched as the rectum herniated through the weakened 
anal sphincter [89].

Anorectal physiology can also be evaluated in terms of 
recovery of function after an operative procedure. Young and 
elderly patients who have undergone an ileoanal reservoir pro-
cedure following a colectomy and ulcerative colitis or familial 
polyposis have been compared [90]. These patients were eval-
uated pre- and postoperatively with manometry for anorectal 
pressures and clinical outcomes by a questionnaire. No differ-
ence in preoperative anorectal pressures or in clinical outcome 
was found between the two groups. Also, despite the transient 
impairment of internal anal sphincter function seen in these 
patients, there is complete recovery after ileostomy closure.

Colorectal Cancer

The incidence of many types of neoplasia increases as 
humans age. The proliferative potential of the gastrointesti-
nal tract, which turns over its entire epithelium every 
24–72 h, makes it particularly susceptible to neoplasia [44]. 

The mean age of presentation is 71, and two-thirds of the 
150,000 new cases of colon cancer each year occur in 
patients over age 65 [91].

Repeated and prolonged insults from environmental fac-
tors such as chemicals and radiation are external influences 
that affect genetic stability. Colon cancer is associated with 
genetic abnormalities such as mutations and, more com-
monly, deletions of tumor suppressor genes. Genomic 
entropy has been shown to increase with time, making 
genetic instability (and therefore the malfunction of genetic 
mechanisms such as DNA repair) more common in the 
elderly [92]. Even the pathology of aging itself may eventu-
ally give way to carcinogenesis.

Colorectal carcinomas appear to arise from adenomas, and 
the idea that carcinogenesis evolves in a multistage process is 
generally accepted [91]. It is described as a series of genetic 
alterations resulting in progressive derangement of the genetic 
factors that control normal growth. Vogelstein et al. looked at 
four genetic alterations in 172 colorectal tumor specimens 
representing various stages of neoplastic development: ras 
gene mutations and allelic deletions if chromosomes 5, 17, 
and 18. Specimens consisted of 40 predominantly early stage 
adenomas from seven patients with familial adenomatous 
polyposis (FAP), 40 adenomas (19 without associated foci of 
carcinoma and 21 with such foci) from 33 patients without 
FAP, and 92 carcinomas resected from 89 patients. The ras 
gene mutations were found to have occurred in a significantly 
higher proportion of adenomas >1 cm and in carcinomas (58 
and 47%, respectively) than in adenomas <1 cm in size (9%). 
Sequences on chromosome 5 that are linked to the gene for 
FAP were present in adenomas from patients with polyposis 
but were lost in 29 and 35% of adenomas and carcinomas, 
respectively, from other patients. Carcinomas and advanced 
adenomas showed a higher rate of deletion of a specific region 
of chromosome 18 (73 and 47%, respectively) than in earlier-
stage adenomas (11–13%). Chromosome 17p sequences were 
usually lost only in carcinomas (75%). The clinical progres-
sion of the tumors developed synchronously with these four 
genetic alterations. These findings are consistent with the 
model of tumorigenesis in which the development of cancer 
occurs in stepwise fashion, involving the mutational activa-
tion of an oncogene together with the loss of genes responsi-
ble for tumor suppression [93].

In addition to the higher incidence in the elderly, colon 
cancer also has been shown to have characteristically 
different locations of occurrence. In a review of 222 patients 
with colon cancer over age 60, Schub and Steinheber found 
that there was a higher incidence of right-sided lesions and a 
decreased incidence of rectosigmoid lesions as the popula-
tion aged. For patients in their sixth decade, 8% of the tumors 
were located in the right colon, 9% in the transverse colon, 
6% in the descending colon, and 77% in the rectosigmoid. 
During the seventh decade, 22% were located in the right 
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colon, 11% in the transverse colon, and 58% in the rectosig-
moid area. In the oldest group (older than 80  years) 29% 
were in the right colon, 14% in the transverse colon, 9% in 
the descending colon, and 49% in the rectosigmoid area. 
This trend was found to be statistically significant by chi-
square analysis (P < 0.05). This “rightward” shift was also 
associated with a trend toward more favorable staging. The 
authors believed that it reflects an increase in the proportion 
of elderly patients with cancer and a predilection toward 
right-sided lesions with aging [94].

Similarly, Toyoda et  al. did a retrospective study using 
patients from the Osaka Cancer Registry between 1974 and 
2003 and found an increased incidence of proximal colon 
cancer in the elderly (from 22.5 to 34.6% among men and 
from 25.0 to 46.8% among women for age ³80) over that 
time period. Among women, right colon cancer was more 
common in the elderly than in the young [95].

Conclusions

As technology and medical innovation continues to evolve, 
we will reap the benefits of longevity, and it is clear that our 
population reflects that the elderly promise to be one of its 
fastest growing segments. Despite these benefits, issues 
related to aging can often hinder one’s quality of life and 
often times lack a definitive solution. The scientific explana-
tion of these events eludes us, as for the most part there are 
no real differences in histology, motility, or mucosal struc-
ture. With continued study of aging as it relates to the gastro-
intestinal epithelial cell we can yield additional information 
on incidence of gastrointestinal malignancies. A better 
understanding of the factors related to aging will help us to 
improve the diagnosis and treatment of gastrointestinal ail-
ments. The diagnosis and treatment of ailments in other 
organ systems are addressed in the chapters that follow.
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Introduction

Noncancer conditions of the esophagus and esophagogastric 
region may have implications in elderly patients that differ from 
those encountered in younger age groups. Special consideration 
must be given to the unique presentations as well as to the phys-
iologic impact of treatments and treatment complications in this 
vulnerable population. Minimally invasive approaches are now 
preferred for most esophageal diseases that require surgical 
treatment. Despite these and other improvements in therapy, 
benign esophageal disorders continue to present great chal-
lenges to practitioners treating the geriatric population.

Gastroesophageal Reflux Disease

The full spectrum of gastroesophageal reflux disease (GERD) 
symptoms and complications are observed in elderly patients 
and present specific management considerations. Although 
GERD does not itself present a significant risk for mortality 
in the elderly, it may impair quality of life and lead to consid-
erable complication-related morbidity. Patient tolerance of 
severe symptoms is often poor, and complications such as 
chronic upper aerodigestive manifestations, esophagitis with 
ulceration, peptic stricture, and Barrett’s esophagus may 
pose significant management challenges in the elderly.

Pathophysiology

The antireflux barrier at the gastroesophageal junction (GEJ) 
is an anatomically and physiologically complex zone, which 
consists of (1) the intrinsic lower esophageal sphincter (LES) 
pressure (10–30  mmHg), (2) intra-abdominal location of 
the  LES (3–4  cm below the diaphragm), (3) extrinsic 

compression of LES by the crural diaphragmatic sphincter, 
(4) integrity of the phrenoesophageal ligament, and (5) main-
tenance of an acute angle of His. Disruption of the antireflux 
barrier and abnormal clearance of esophageal contents results 
in increased exposure of the esophageal lumen to gastric 
refluxate (acidic or alkaline) [1] (Table 59.1).

Asymptomatic elderly patients differ physiologically from 
their younger counterparts (Table  59.2) [2–10]. They may 
have decreased LES pressure, abnormal esophageal motility 
and clearance, and an increased pain threshold. Older patients 
may be more likely to take medications that decrease LES 
tone and potentiate reflux events. These include nitrates, cal-
cium channel blockers, theophylline, benzodiazepines, anti-
cholinergics, and tricyclic antidepressants. Translocation of 
the esophagogastric junction and LES into the mediastinum 
through the esophageal hiatus (type 1, sliding hiatal hernia) 
(Fig. 59.1) occurs more frequently with increasing age [11] 
and is thought to contribute to pathologic reflux by exposing 
the LES a decrement in extraluminal pressure in the chest as 
compared to the abdomen. This relatively lower extraluminal 
pressure permits LES tone to be more easily overcome by 
intragastric pressure, leading to reflux. Marco et  al. have 
shown that the degree of reflux symptoms, LES dysfunction, 
and esophagitis increase with hiatal hernia size [12].

Clinical Presentation

A population-based study in Olmsted County, Minnesota 
defined the general incidence of GERD symptoms as 19.8% 
without significant differences with age [13]. Triadafilopoulos 
and Sharma similarly reported no clear age-related differ-
ence in clinical prevalence of GERD above and below age 65 
[14]. However, GERD symptom severity may not correlate 
as well with the severity of pathology in elderly patients. 
Johnson and Fennerty reported that 34% of patients >70 years 
old had severe heartburn with a 37% incidence of endoscopi-
cally evident severe esophagitis. In contrast, 82% of patients 
<21 years old with severe heartburn had severe esophagitis 
only 12% of the time [15]. Furthermore, Collen et al. reported 
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that for a given level of severe reflux symptoms, patients 
>60  years old had more severe esophagitis compared to 
younger patients [16]. Zhu et al. reported that 21% of patients 
>65  years with GERD present with endoscopically severe 
esophagitis, while only 3.4% of patients under 65 years have 
severe esophagitis [17]. Patients with GERD present with 
symptoms which can be described as typical or atypical or a 
combination of both (Table 59.3). Atypical symptoms may 
be more prevalent in the elderly [13, 18]. Alkaline reflux may 
also be more frequent and can be associated with respiratory 

symptoms more often than with heartburn [19]. Pellegrini 
et  al. found that individuals with alkaline reflux have less 
heartburn, regurgitation, and dysphagia but at least as much 
esophagitis and stricture risk as those with acid reflux, as 
well as a higher frequency of pulmonary symptoms [20].

Long-standing GERD can result in complications which 
may lead to significant morbidity. The incidence of erosive 
esophagitis (45.4%), esophageal ulcers (6%), and esophageal 
strictures (8.4%) all increase with age. Furthermore, patients 
with esophageal ulcers or strictures are generally older than 
patients with uncomplicated esophagitis [21]. In one report, 
esophagitis was the cause of upper gastrointestinal bleeding 
in 21% of patients >80 years [22].

Barrett’s esophagus, or columnar metaplasia, is a marker of 
severe chronic esophageal mucosal injury and has been reported 
to occur in as many as 10–12% of patients with GERD [23, 24]. 
The prevalence of Barrett’s esophagus increases with age and 
plateaus by the seventh decade [25]. It occurs more frequently 
in patients greater than 60 years of age (34 vs. 12%) [16]. Elderly 
patients with Barrett’s esophagus experience less severe symp-
toms compared to younger patients, which may lead to delayed 
recognition of the condition [14]. The outcome of Barrett’s 
esophagus which is of utmost concern is its progression to ade-
nocarcinoma, but there are no compelling data that define this 
risk in the elderly. In a meta-analysis of 41 Barrett’s esophagus 
surveillance studies, the reported cancer incidence was found to 
be between 6 and 9 per 1,000 person-years follow-up [26]. The 
presence of ulcers, strictures, and nodules was associated with 
increased cancer incidence. Patients who developed cancer had 

Table 59.1  Pathophysiologic factors contributing to GERD

Increased frequency and duration of transient LES relaxation
Hypotensive LES (0–4 mmHg) leading to free reflux
Disruption of phrenoesophageal ligament and diaphragmatic sphincter 

(Hiatal hernia)
Shortening of intra-abdominal LES
Decreased clearance of esophageal contents due to loss of primary and 

secondary esophageal peristalsis
Decrease in rate of salivation and salivary bicarbonate
Decreased gastric emptying and increased intra-gastric pressure
GERD gastroesophageal reflux disease, LES lower esophageal sphincter

Table 59.2  Physiological changes of the esophagus in the elderly

LED
  Decreased LES pressure [2]
  Decreased LES length [3]
  Increase in gastroesophageal reflux events during the postprandial 

period from pharyngeal stimulation [3]

Esophageal motility
  Aperistalsis without any specific etiology [4]
  Absent or decreased secondary peristalsis with esophageal distention [5]
  Increased tertiary contractions (multiple, simultaneous,  

nonperistaltic contractions) [6]
  Decreased amplitude and velocity of peristaltic waves [2, 7]
  Impaired esophageal clearance [8, 9]
Higher pain threshold with esophageal distension [10]
LES lower esophageal sphincter

Figure 59.1  Retroflexed endoscopic view of type I sliding hiatal hernia. 
The endoscope is seen emerging from the true esophagogastric junction 
into the hernia above the muscular ring of the hiatus.

Table 59.3  Symptoms and complications associated with GERD

Typical
Heartburn
Regurgitation

Atypical symptoms
Chest pain
Dysphagia
Dyspepsia
Anorexia, weight loss
Dental problems

Atypical symptoms: Respiratory
Globus sensation
Laryngitis
Hoarseness
Chronic cough
Asthma
Bronchitis
Aspiration pneumonia
Pulmonary fibrosis

Complications
Esophagitis
Gastrointestinal bleeding
Peptic strictures
Barrett’s esophagitis
GERD gastroesophageal reflux disease
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significantly longer Barrett’s segments compared to patients 
who did not. However, these data did not stratify risk by age, 
and it is uncertain to what extent age may be an independent risk 
factor either dysplasia or cancer.

Treatment for Barrett’s esophagus is close surveillance, and 
either medical or surgical control of reflux with the aim to avoid 
progression of disease. Standard therapy for high-grade dyspla-
sia in Barrett’s is esophagectomy. Mucosal ablative therapies 
(photodynamic therapy, argon plasma coagulation, and cryoab-
lation) for high-grade dysplasia have seen expanded use and 
could offer benefits to elderly patients, if the morbidity and 
mortality risk associated with esophagectomy can be avoided. 
However, uncertain efficacy and potential to undertreat cancer 
present at the time of the therapy remain a matter of concern.

Diagnostic Studies

Tests to diagnose GERD, GERD complications, and responses to 
therapy are listed in Table 59.4. GERD symptoms are frequently 
under treatment with proton pump inhibitors (PPI) or histamine 
receptor antagonists (HRA) before any diagnostic tests are done. 
There should be a low threshold to proceed with endoscopy in 
elderly patients because of the recognized risk of more advanced 
disease in the face of less severe or atypical symptoms in com-
parison to younger patients. Endoscopy with biopsy is currently 
the only study that can effectively identify esophagitis, rule out 
Barrett’s and cancer, as well as document healing of esophagitis 

with therapy. Ciné esophagography can help characterize 
anatomic and functional features of the esophagus during the pas-
sage of ingested barium materials of varying consistencies. Some 
motility characteristics and disorders (Table  59.4) as well as 
esophagogastric junction anatomy can be defined with the study, 
and it can be particularly useful in evaluating dysphagia.

Complex or suspected reflux disease and persistent or 
atypical symptoms should be further evaluated using more 
objective tests, especially when antireflux surgery is being 
considered. 2007 American College of Gastroenterology 
practice guidelines recommend ambulatory pH monitoring to 
identify pathologic esophageal acid exposure in endoscopy 
negative patients being considered for endoscopic or surgical 
antireflux procedures and patients who are symptomatic on 
PPI therapy. Symptom correlation index can establish likeli-
hood of causality in the relationship between symptom occur-
rence and episodes of esophageal acid exposure. Although pH 
monitoring can also be used to evaluate effectiveness of PPI 
therapy, a specific threshold value for adequate suppression 
of esophageal acid exposure has not been defined [27], and no 
age-specific guidelines for the use of this test are available.

Ambulatory pH monitoring can be performed using a 
nasopharyngeal catheter system or a wireless pH capsule 
(“Bravo” probe, Medtronic, Minneapolis, MN) that transmits 
information to an external receiver. Results from the two sys-
tems correlate well, but there may be advantages with wireless 
pH monitoring. The most important is that the modality is 
associated with less discomfort, less interference with daily 
activities, and better patient satisfaction compared to the tradi-
tional catheter system. Less interference with daily activities 
will provide more accurate information about reflux episodes 
[28]. Furthermore, pH monitoring can be performed for more 
than 24-h periods, and it may be more feasible to study patients 
on and off PPI therapy. Disadvantages include the need to 
place the capsule endoscopically, which adds cost and the 
potential problems of an invasive procedure. Some patients 
may have severe chest pain, and the capsule may either dis-
lodge early or not dislodge at all, both of which are problem-
atic situations. Wireless pH monitoring might offer advantages 
in elderly patients based on improved tolerance, but there are 
no data that specifically support this assumption.

Esophageal impedance monitoring detects changes in resis-
tance to electrical current across adjacent electrodes with the 
movement of solids, liquids, and gases. It can detect both acid 
and alkaline reflux (even very weak patterns of reflux) and 
evaluate esophageal bolus transit when combined with motil-
ity studies. Specific monitoring of bile acid reflux is possible 
by using a probe that detects bile by spectrophotometry. AGA 
guidelines suggest that these tests may be useful in patients 
with reflux symptoms despite PPI therapy and normal pH 
monitoring studies [27]. They are not widely used at this time 
because the long-term clinical implications of non-acid reflux 
are not well studied. It is unclear at this time how recognition 
of this entity might change management in elderly patients.

Table 59.4  Diagnostic studies for GERD

Test Purpose of study

Cine  
esophagram

Endoscopy

Esophageal  
manometry

pH monitoring

Esophageal  
impedance  
testing

Bile acid reflux 
monitoring

Evaluate anatomical causes for dysphagia; document 
presence of hiatal or paraesophageal hernia; rule 
out achalasia, scleroderma, strictures, diverticuli, 
webs and masses

Evaluate endoscopy positive vs. negative reflux 
disease; documentation of healing esophagitis; 
rule out complications of GERD (esophagitis, 
stricture, and BE), peptic ulcer disease and cancer

Evaluate LES function; rule out esophageal dysmo
tility before proceeding with antireflux surgery

Document abnormal acid exposure in symptomatic 
endoscopy negative patients being evaluated for 
endoscopic or surgical antireflux therapy; 
evaluation of patients on PPI therapy with 
persistent typical symptoms; document adequacy 
of PPI therapy in patients with complications 
due to GERD

Evaluation of endoscopy negative patients  
with persistent symptoms despite PPI  
therapy

Evaluation of patients with persistent reflux 
symptoms with normalization of distal 
esophageal acid exposure confirmed by pH 
studies

GERD gastroesophageal reflux disease, BE Barrett’s esophagus, PPI 
proton pump inhibitor
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Chest pain symptoms in the elderly deserve special men-
tion. The most obvious concern lies in the physician’s ability 
to distinguish cardiac from noncardiac chest pain (NCCP) and 
to institute the appropriate treatment. Although most patients 
with GERD-induced chest pain will give a history of anteced-
ent reflux symptoms, the possibility of myocardial ischemia 
ought to be considered and basic investigations conducted so 
as not to miss this diagnosis. There is considerable overlap in 
symptoms that could be attributable to either GERD or pain of 
cardiac origin. DeMeester et  al. performed 24-h pH probe 
studies in patients with typical angina pectoris symptoms and 
normal cardiac catheterizations and demonstrated reflux to be 
present in 46% [29]. A positive correlation between chest pain 
episodes and acid reflux during the pH probe study can be 
demonstrated in up to 50% of patients with NCCP [30].

Treatment

Irrespective of patient age, the goals in the treatment of GERD 
are to ameliorate symptoms, promote healing of esophagitis, 
maintain remission, and prevent long-term complications. 
These goals maybe achieved using various modalities.

Nonsurgical Treatment

Life style or behavioral modifications can alleviate symptoms 
in mild reflux disease when employed alone or with medical 
therapies. These might include the elevation of the head and 
chest during sleep, avoidance of supine position or sleep less 
than 3 h after meals, weight loss in overweight patients, smoking 
cessation, and avoidance of foods associated with reflux (e.g., 
high fat foods, chocolate, peppermint, coffee, and alcohol). 
As mentioned previously, selected medications may decrease 
LES tone. Caution with these as well as with medications that 
might predispose to pill esophagitis (potassium tablets, iron 
sulfate, and alendronate) should be exercised.

Histamine receptor antagonists (cimetidine, ranitidine, 
famotidine, and nizatidine) may be effective but are used less 
frequently than proton pump inhibitors (PPIs) as first-line ther-
apy. PPIs (omeprazole, lansoprazole, rabeprazole, pantopra-
zole, and esomeprazole) inhibit the H+/K+ ATPase proton pump. 
They have become the mainstay of medical therapy for signifi-
cant GERD and are now available over-the-counter (omepra-
zole). If symptoms are suggestive, empiric treatment is usually 
started before diagnostic tests are done, and prompt clinical 
improvement is generally taken as confirmatory of the GERD 
diagnosis. Historical exceptions to prompt use of PPIs rather 
than investigations include long-standing GERD and alarm 
symptoms such as anemia, weight loss, and dysphagia [31]. 
Since elderly patients may present with more advanced disease 
and less severe symptoms, an argument can be made for the use 
of endoscopy prior to starting prolonged acid suppression in 
order to clearly establish the presence of esophagitis.

Almost 50% of patients with GERD suffer frequent relapses 
and need some form of maintenance therapy. PPIs are currently 
regarded as the most effective medications available for acute 
as well as maintenance therapy for GERD [32], although 
H

2
 receptor antagonists may also be effective if PPI treatment 

cannot be given. Since PPIs are long-acting medications, 
dosing is convenient for older patients. Added potential 
advantages include easy administration in older patients with 
swallowing problems (granules can be mixed in soft food or 
liquids) and the fact that dose adjustments are not necessary in 
hepatic and renal insufficiency [33]. Some studies have shown 
an increased risk for respiratory infections, Clostridium 
difficile colitis, and osteoporosis with PPI use [34].

Cisapride is a prokinetic agent which may be available for 
use in GERD outside the USA, having been removed from 
the US market in 2000 due to increased risk for cardiac 
arrhythmias. Metoclopramide can be problematic in elderly 
patients due to CNS side effects (sedation and tardive 
dyskinesia). Other promotility drugs such as Tegaserod 
(serotonin agonist) and Baclofen (GABA agonist) may have 
some efficacy in GERD but are not standard therapies.

Surgical Treatment

Indications for surgical treatment of GERD include (1) patient 
choice in order to discontinue medical therapy, (2) intolerance 
of medical therapy, (3) persistence of symptoms on medical 
therapy, and (4) complications of GERD including persistent 
esophagitis on medication, peptic strictures, and Barrett’s 
esophagus (although the latter indication may be controver-
sial). The goals of surgery are to repair any associated hiatal 
hernia, establish an intra-abdominal length of esophagus, and 
perform a fundoplication as a barrier to reflux. Nissen or 360° 
fundoplication (Fig.  59.2) is the most frequently performed 

Figure 59.2  Laparoscopic Nissen fundoplication. The loose nature of 
this complete (360°) wrap of gastric fundus around the esophagogastric 
junction and distal esophagus is demonstrated by the insertion of an 
instrument below the left-sided fundic component of the wrap.
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antireflux procedure. Toupet or 270° fundoplication has gener-
ally been reserved for GERD patients with ineffective esopha-
geal motility, although its efficacy as compared to a loose 
Nissen fundoplication is controversial [35, 36]. There are 
numerous other types of antireflux procedure intended for use 
via transabdominal or transthoracic access methods, but a full 
discussion of surgical antireflux treatments is beyond the scope 
of this chapter. It can currently be stated that laparoscopic 
antireflux procedures represent the surgical standard of care for 
GERD, and advantages relative to open procedures are well 
established [37]. Investigations of surgical treatment of GERD 
in the elderly have generally shown that outcomes are favor-
able. Table 59.5 summarizes eight studies that compare surgi-
cal outcomes in “older” (>60  years) and “younger” patients 
(<60 years of age) [38–45]. These have established that postop-
erative symptom relief is not adversely affected by advancing 
age with mean follow-up of between 3 months and 5 years. 
There may be a perception that postoperative complication 
rates are higher and length of hospital stay are greater for 
patients >60 years of age, but this has not been consistently 
observed for antireflux surgery. Although patients >60 years 
had significantly higher American Society of Anesthesia (ASA) 
score in four studies and a higher rate of comorbidities in one 
study, this did not closely correlate with an increase in compli-
cation rate and length of stay. The likelihood of mortality with 
antireflux surgery is very close to zero in both populations.

Current data suggest that antireflux surgery can improve 
formally measured quality of life in elderly patients. Kamolz 
et  al. reported the use of the gastrointestinal quality of life 
index (GIQLI) to assess postoperative outcomes in 72 patients 
greater than 65  years of age. Scores were significantly 
improved 3 months after surgery compared to preoperative 
values. This improvement persisted 1 and 3 years after surgery 
and was similar to scores in healthy individuals [46]. Fernando 
et al. [41] and Wang et al. [45] showed that SF 36 health sur-
vey and GIQLI assessments of global and disease-associated 
quality of life postsurgical outcomes were not significantly 
different in patients <60 years and >60 years of age. The over-
whelming weight of evidence indicates that antireflux surgery 
is both effective and safe in the elderly, and that outcomes are 
comparable to those achieved in younger patients.

Intraoperative complications of antireflux surgery are 
uncommon. Esophageal perforation is rare and may result 
from dissection or bougie injuries. Common causes of intra-
operative bleeding are adhesiolysis, or injury to the left lobe 
of liver or the spleen. Bleeding is generally controlled by 
local measures and rarely requires conversion to an open 
procedure. Splenic injuries and splenectomy, which were sur-
prisingly common events with open fundoplication (2–5%), 
are rare occurrences in laparoscopic antireflux surgery. 
Pneumothorax is also rare and is thought to be due to exten-
sive dissection into the mediastinum. Chest tube placement is 
rarely required due to the rapid uptake of CO

2
. Conversion 

rates from laparoscopic to open procedures are less than 5%.
Coelho et al. evaluated complications of laparoscopic fun-

doplication in 77 patients >70 years of age and reported 7.8% 
gas bloat syndrome, 5.2% dysphagia, and 2.6% gastric ulcer-
ation incidences [47]. Although most dysphagia after fundopli-
cation either resolves or responds well to modest dietary 
measures, severe dysphagia symptoms may on rare occasions 
require endoscopic dilatation or surgical revision of fundoplica-
tion. Technical considerations that minimize the likelihood of 
postoperative dysphagia include routine division of the gastros-
plenic ligament and short-gastric vessels, and adequate fundic 
mobilization for a loose wrap. The incidence of anatomic failure 
of antireflux procedures ranges from 3 to 6%. These cases 
include fundoplication disruption or slipping, or axial herniation 
of the fundoplication into the mediastinum. Pledgeted suture 
repair of the hiatus and reinforcement of the defect with a mesh 
may decrease incidence of some types of anatomic failure [48].

Endoscopic Treatment

Endoscopic therapy for GERD has shown to significantly 
decrease PPI use, improve symptoms, and decrease but never 
normalize acid exposure in patients with mild forms of 
GERD. Proposed exclusion criteria include hiatal hernias 
greater than 2 cm, esophagitis greater than grade II, and dis-
ease refractory to PPI therapy [49]. Currently there are three 
FDA approved devices available for GERD endoluminal 
therapy: (1) EndoCinch (Bard, Davol, Inc., Cranston, RI),  

Table 59.5  Laparoscopic antireflux surgery outcomes in elderly (>60 years) vs. adult (<60 years) patients

Year Author Age (years) n Symptom relief Complications LOS (days) Mortality in elderly

1998 Trus et al. [38] 69 (65–79) 42 = = = None
1999 Brunt et al. [39] 65 (65–82) 36 = > (13.9% vs. 2.6%) > (2.3 vs. 1.6) None
2002 Khajanchee et al. [40] 71 ± 6 (SD) 30 = = = NA
2003 Fernando et al. [41] 68 (60–80) 43 = = > (2.9 vs. 1.6) None
2006 Cowgill et al. [42] 70 (70–90) 108 = = > (4.3 vs. 2.6) One patient
2006 Brehant et al. [43] 70 (65–94) 369 = > (7.6% vs.4.5%) > (5.9 vs. 4.6) None
2006 Tedesco et al. [44] 69 (65–88) 63 = = = None
2008 Wang et al. [45] 73 (70–76) 33 = > (9% vs. 0.5%) = None
SD standard deviation; n total number of elderly patients in the study, = Similar to adult patients, > Greater than adult patients; LOS length of stay; 
NA not available
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(2) Plicator (NDO surgical, Inc., Mansfield, MA), and (3) 
Stretta (Curon Medical, Inc., Fremont, CA). The principles 
by which these devices operate are (1) Plication of the sub-
mucosa at the GEJ (EndoCinch). (2) Full-thickness serosa-
to-serosa plication at the GEJ (Plicator). (3) Radiofrequency 
thermal therapy delivered to LES (Stretta). Potential advan-
tages in elderly patients include performance with conscious 
sedation, and relatively short-procedure duration. There may 
be applications in poor surgical candidates or as a bridge 

between medical and surgical therapy. However, based on 
current literature, there are no clear indications based on per-
ceived or measured superiority relative to traditional surgical 
measures. Published studies have been small and more 
focused on safety and feasibility than on long-term durability 
and efficacy. With increasing experience, evolving techniques 
and hardware, as well as more thorough investigation, endolu-
minal therapies may become a viable option in the treatment 
of GERD, with specific applications in the elderly.

Paraesophageal Hernia

Case Study:  Part 1

Presentation: An 81-year-old man with mild dementia, 
hypertension, and atrial fibrillation cared for at home by 
his 74-year-old spouse was brought to the emergency 
department with a 12 h history of vomiting and chest pain. 
He was accompanied by his wife, who provided most of 
the health history information. He had significant short-
term memory loss, but walked for exercise and enjoyed 
fishing and watching televised baseball games. The 
patient’s knowledge of recent events was very incomplete, 
although he answered question appropriately and was ori-
ented to time and place. His wife reported that he had had 
recent difficulties with tolerance of certain ingested foods 
and beverages. Over the past 2 months, he had increas-
ingly frequent interruption of meals with agitation and 
“spitting up” small amounts of undigested food. He com-
plained of substernal chest discomfort with some of these 
episodes but was unable to provide more specific infor-
mation on this symptom. He had been able to take his oral 
medications until the present episode. At presentation, the 
patient was comfortable, but had not eaten and had only 
taken in minimal fluids over the previous 12  h. Three 
weeks prior to presentation, in investigation of his symp-
toms, he had a 12-lead EKG that showed his usual rate-
controlled atrial fibrillation and a radionuclide cardiac 
perfusion scan was normal. He also had a chest X-ray that 
showed an air–fluid level suspected to be stomach occu-
pying the lower half of the left lung field. His medications 
included warfarin, hydrocholorothiazide, and lisinopril. 
He had no abdominal surgery history, but had bilateral 
knee replacements 12 years previously. The remainder of 
his review of systems was negative, with the exception of 
knee and back pain for which he took acetaminophen.

Physical examination: The patient was a pleasant, 
Caucasian man of medium build. He had irregular heart 

rhythm with a rate of 75  bpm and BP 147/85. Breath 
sounds were present, but when he rocked front-to-back, 
a splashing sound was auscultated at the left lung base. 
His abdomen was soft and nontender. The remainder of 
his examination was unremarkable. Diagnostic studies: 
Serum electrolytes, BUN, and creatinine were normal. 
His automated WBC count was 7,200 with 68% leuko-
cytes, and his hematocrit was 38%. INR is 1.9. His chest 
X-ray was available for review, and based on suspicion 
of the presence of a paraesophageal hernia, an immediate 
barium esophagram was obtained (Fig.  59.3), which 
identified a Type III paraesophageal hernia.

Figure 59.3  Barium esophagram of a type III (paraesophageal) 
hiatal hernia. In this case, there is clear demonstration of the rela-
tionship between the axially rotated gastric fundus and the 
adjacent esophagus, which tapers at the expected location of 
the diaphragmatic hiatus.
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Paraesophageal hernia is primarily a disease of the 
elderly and the average age of diagnosis is 60–70 years. The 
true incidence of hiatal hernias is difficult to determine 
because majority of patients remain asymptomatic and 
therefore undiagnosed. There are four types of hiatal her-
nias. (1) Type I (Sliding hiatal hernia): Esophagogastric 
junction migrates through the hiatus and is commonly asso-
ciated with GERD. (2) Type II: Gastric fundus herniates 
through the hiatus with esophagogastric junction in an intra-
abdominal position. This is a true paraesophageal hernia. 
(3) Type III (combination of Type I and II). In this hernia 
type, gastric fundus and esophagogastric junction herniate 
into the mediastinum (Fig. 59.4). (4) Type IV: Type III her-
nia with herniation of other viscera such as spleen or colon 
[50]. Type II, III, and IV hiatal hernias are called parae-
sophageal hernias, and Type III hernia is the most common 
among them (90%). Type I or sliding hiatal hernias are at 
least seven times more common than paraesophageal 
hernias [51].

Pathophysiology

Paraesophageal hernias occur more frequently with advanc-
ing age and are believed to result from progression of a slid-
ing hiatal hernia. Prolonged repetitive stretching of the 
phrenoesophageal membrane due to movement of the 
esophagus during swallowing, as well as increased intra-
abdominal pressure due to conditions such as morbid 
obesity, COPD, asthma and chronic constipation, may 
contribute to more complex patterns of gastric herniation 
into the chest [51].

Clinical Presentation

Symptoms associated with paraesophageal hernias are 
primarily related to partial or complete gastric obstruction. 
Patients present with nausea, bloating, early satiety, chest 
pain, and fullness relieved with vomiting and dysphagia. 
Fifteen to thirty percent of patients with paraesophageal her-
nias complain of GERD symptoms [52, 53]. Patients with 
larger hernias may suffer from chest pain and shortness of 
breath. Paraesophageal hernias may be associated with 
chronic blood loss and anemia due to gastric erosions from 
prolonged trauma [54]. Gastric volvulus is a possible compli-
cation of paraesophageal hernias, with rotation either along 
the long axis of the stomach (organoaxial) or along a perpen-
dicular axis (mesenteroaxial). Patients with completed volvu-
lus can present emergently with acute gastric obstruction and 
potentially with gastric strangulation. Symptoms associated 
with this presentation are epigastric pain, persistent retching 
and vomiting, bloody vomitus due to gastric ischemia and 
ulceration, and an acute abdomen and sepsis, if a gastric per-
foration has occurred. Previous studies have reported an acute 
presentation in 29% of patients with paraesophageal hernias 
[55, 56]. However, a recent study by Stylopoulos et al. looked 
at five studies and estimated the probability of developing 
acute symptoms to be 1.16% per year. The lifetime risk for 
developing acute symptoms is 18% for 65 years and decreases 
as patent’s age increases [57]. Arguments for mandatory sur-
gical treatment of paraesophageal hernia are generally based 
on the need to avoid this variably estimated risk, which may 
be favorably affected by advancing patient age.

Diagnostic Studies

Chest radiograph may demonstrate an air–fluid level in the 
left chest. Upper gastrointestinal contrast study with barium 
is the study of choice to diagnose paraesophageal hernias 
(Fig.  59.3). Computed tomography can also establish the 
diagnosis (Fig. 59.5). Upper endoscopy can aid in recognition 
of a paraesophageal component of a hiatal hernia and will 
provide other information such as the presence of esophagitis 
or ulcerations. Twenty-four hours pH monitoring and esopha-
geal manometry can be considered in patients with GERD 
symptoms, but may not influence surgical planning.

Treatment

Surgical management of symptomatic and asymptomatic 
paraesophageal hernias has historically represented a man-
datory standard of care. This is based largely on reports of a 

Figure 59.4  Laparoscopic view of a type III (paraesophageal) hiatal 
hernia, with the herniated body and fundus of the stomach above the 
right crural pillar.
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high (28–30%) incidence of acute symptoms necessitating 
emergency operations, which were associated with high rates 
of morbidity and mortality [55, 56]. Surgery continues to be 
the treatment of choice for symptomatic paraesophageal her-
nias. However, the treatment of asymptomatic and minimally 
symptomatic hernias has become more controversial. Allen 
et  al. followed 23 patients managed nonoperatively for an 
average of 78 months and reported that only four developed 
progression of symptoms and that the two patients who 
underwent elective repair did well [52]. Stylopoulos et  al. 
assessed outcomes of elective laparoscopic hernia repair vs. 
watchful observation in patients with asymptomatic and 
minimally symptomatic indications based on information 
from 20 published studies. Using a predictive model, it was 
determined that less than one in five 65-year-old patients and 
only one in ten 85-year-old patients will benefit from elective 
surgical treatment [57].

The goals of operative treatment of paraesophageal her-
nias are (1) reduction of the herniated stomach (or other vis-
cera), (2) reduction and excision of the hernia sac, (3) hiatal 
hernia repair with or without prosthetic mesh, and (4) secure 
subdiaphragmatic positioning of the stomach. Although the 
use of fundoplication in paraesophageal hernia repair remains 
controversial, it is frequently used on the assumption 
that it may reduce recurrent hernia risk as well as reduce 

postoperative GERD occurrence. As many as 60% of 
patients with type III hernias have diminished LES pressures 
and abnormal esophageal pH monitoring studies [59]. 
Willekes et al. reported that as many as 30% of patients had 
preoperative reflux symptoms and that some patients develop 
postoperative reflux despite the absence of preoperative 
reflux symptoms. He concluded that GEJ and LES physiol-
ogy cannot be predicted once it has been surgically disturbed 
and all phrenoesophageal supporting attachments are divided 
[53]. Despite these observations, there are no compelling 
data to support either the use or omission of fundoplication 
in this clinical situation, and no specific data in elderly 
patients to guide this decision.

Minimally invasive surgery has become the preferred 
method of management for paraesophageal hernias, with the 
well-founded expectation of decreased postoperative pain, 
length of stay, and morbidity and mortality compared to open 
surgical methods [59–62]. A recent large series (203 patients) 
of laparoscopic repair for giant paraesophageal hernia (1/3 or 
more of stomach herniation into chest) suggests a pattern of 
disease skewed toward more elderly patients. The mean patient 
age was 67 years (34–91 years) and median follow-up was 
18 months. The median length of hospital stay was 3 days, 
morbidity was 28%, and mortality was 0.5. Postoperative 
symptom relief was excellent to good in 92% of patients [61].

Bammer et al. and Grotentuis et al. evaluated outcomes of 
laparoscopic paraesophageal hernia repair in patients >80 years 
of age and >70 years of age, respectively. Results were com-
parable to studies with mixed age groups [63, 64]. 
Gangopadhyay et al. compared results of laparoscopic parae-
sophageal hernia repair in three age groups <65  years 
(Group 1), 65–74 years (Group 2), and >74 years (Group 3). 
Group 3 had significantly higher ASA scores and hospital 
length of stay but their postoperative complication rate, symp-
tom relief, and recurrence rates were comparable to other 
groups [65]. In a retrospective review of 1,005 patients 
(>80  years of age) who underwent diaphragmatic hernia 
repair, 43% of procedures were emergent. Emergency opera-
tions were more common among older patients, and the con-
current finding of CHF and was associated with longer hospital 
length of stay and mortality (14 ± 1 days and 16%) compared 
to patients who underwent elective repair (7 ± 1  days and 
2.5%) [66]. Laparoscopic paraesophageal hernia repair is a 
safe and effective option in the elderly and they should not be 
denied surgery based on age alone, because emergency sur-
gery in this population is associated with significant mortality. 
In elderly and debilitated patients with multiple comorbidities, 
one should consider shorter, less invasive techniques such as 
anterior gastropexy or placement of percutaneous endoscopic 
gastrostomy after the reduction of paraesophageal hernias. 
Agwunobi et al. and Kercher et al. performed these techniques 
in small series of high-risk patients (13 and 11 patients) with 
minimal complications and low recurrence rates [67, 68].

Figure 59.5  CT chest coronal section of a type III hiatal hernia (parae-
sophageal), with adjacent contrast-filled esophagus between the distended, 
herniated stomach, and the thoracic vertebrae. Such studies have become 
increasingly valuable in more precisely defining anatomic relationships 
in complex hernias of this type. This information can be used to better 
understand the condition, or as an aid in operative planning.
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Case Study:  Part 2

Treatment plan: The patient was admitted to the Surgical 
Service and maintenance intravenous fluids were started. 
Although there was discussion of placement of a nasogas-
tric tube, this was not done as the patient was comfortable 
and there were deemed to be risks associated with any 
attempt to position this tube given potential obstructive 
pathology associated with the hernia. A Geriatric 
Medicine consult was obtained, and it was decided to 
observe the patient on a telemetry unit and not to give any 
of his home medications. If he became tachycardic, this 
would be treated with intravenous beta-blockers. The 
decision was made to hold anticoagulation and to give 
Vitamin K 10 mg and 2 U fresh frozen plasma in anticipa-
tion of surgical intervention. On the second hospital day, 
the patient underwent successful laparoscopic repair of a 
large paraesophageal hernia, with pledgeted repair 
of the esophageal hiatus, and Toupet fundoplication. 
Postoperative care: In the postanesthesia care unit (PACU), 
he developed rapid atrial fibrillation (130  bpm) with a 
blood pressure of 105/60. There was no evidence of acute 
bleeding, and operative blood loss was minimal. He was 
given two 2 mg doses of intravenous morphine sulfate and 
three 5 mg doses of intravenous Metoprolol over a 2-h 
period, and better rate control was achieved, with increase 
in BP to 135/80. Troponin, CPK, and CPK-MB levels 
were nonelevated, and a 12-lead EKG showed no change 
from a preoperative study. After discharge from PACU, he 
returned to the telemetry unit. On postoperative day #1, 

he started a clear liquid diet along with his home medica-
tions, including Warfarin. He remained in atrial fibrilla-
tion at 70  bpm and telemetry was discontinued. On 
postoperative day #2, a soft diet was started, which the 
patient tolerated well. He ambulated well with assistance 
and was discharged home to follow-up with his surgeon 
and primary care physician in 1–2 weeks.

Salient Points

	1.	 Although nasogastric tube placement is not absolutely 
contraindicated in paraesophageal hernia, risk of per-
foration in this setting should temper use, and place-
ment may be best deferred until operative visualization 
of the reduced stomach can be achieved. There is no 
indication for postoperative use of a nasogastric tube 
after laparoscopic paraesophageal hernia repair.

	2.	 Despite advanced age, repair a paraesophageal hernia 
ought to be with the expectation of a good postopera-
tive result, although special precautions with comor-
bidities is required. In a highly symptomatic patient, 
prompt surgical treatment is suggested to avoid 
obstructive issues or more dire complications such as 
completed volvulus with strangulation.

	3.	 A succussion splash, described in the examination 
findings, can be found in some patients with a large 
hiatal hernia, but does not identify hernia type, or nec-
essarily suggest the need for intervention.

Esophageal Motility Disorders

Esophageal motility may undergo various physiological 
changes with aging. Among these are decreased second-
ary  esophageal peristalsis, increased ineffective tertiary 
contractions, and diminished velocity and amplitude of peri-
staltic waves (Table  59.2). Esophageal dysmotility may be 
primary, such as in achalasia, diffuse esophageal spasm (DES) 
and nutcracker esophagus or secondary to conditions such as 
systemic sclerosis, polymyositis and diabetes mellitus [69].

Achalasia

Achalasia has two incidence peaks: The first between ages 
20 and 40 and the second in more elderly patients. Sonnenberg 
et al. reported an average age of 78 years for patients with 

achalasia based on hospital admission codes, with a steady 
increase in hospitalization rates between the ages of 65 and 
94 years [70].

Pathophysiology

Achalasia is a primary functional disorder of the esophagus 
characterized by the absence of peristalsis and incomplete 
relaxation of the LES during swallowing. These characteris-
tics contribute to a functional obstruction at the GEJ [71]. 
Although occasional familial clustering of achalasia cases 
has been reported, most are sporadic and of uncertain etiol-
ogy [72]. The esophageal manifestations of Chaga’s disease 
(Tripanisoma Cruzi), which is endemic in South America, 
can be considered a form of achalasia, but is accompanied by 
a host of other infection-related problems. It can be observed 
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in elderly patients and presents particular management 
challenges largely due to the broader range of systems 
affected and overall poorer prognosis.

Viral infection has been proposed as a causative factor in 
achalasia [73, 74]. Reported histologic characteristics are 
based on resected and autopsy esophageal specimens, and 
most likely reflect advanced disease findings. Wallerian 
degenerative changes, loss of myenteric ganglion cells, 
microscopic degeneration of the vagus nerve, and hypertro-
phy of the muscularis propria of the distal esophagus have 
been described [75]. A loss of nitric oxide and vasoactive 
intestinal peptide (VIP)-containing postganglionic inhibitory 
neurons in the myenteric plexus may be responsible for 
impairment of LES relaxation due to unopposed cholinergic 
stimulation [76–78]. Goin et al. have suggested an autoim-
mune etiology based on the identification of circulating anti-
muscarinic antibodies in chagasic achalasia [79]. The 
presence of Lewey bodies in the myenteric plexus and loss of 
neurons in the dorsal motor nucleus of the vagus in both 
achalasia and Parkinson’s disease suggests a possible link 
between the two diseases, which appear with high prevalence 
in the elderly.

Aperistalsis in achalasia is not clearly understood. 
Inhibitory innervation is believed to be critical to the phasic 
sequence of esophageal muscular contractions and it is pos-
sible that loss of inhibitory neurons abolishes peristatic motor 
function. Long-term aperistalsis and functional GEJ obstruc-
tion can eventually result in a massively dilated and tortuous 
esophagus devoid of any discernible motor function [71].

Clinical Presentation

The most common symptoms of achalasia are dysphagia to 
solid food, regurgitation of esophageal contents, weight loss, 
and various patterns of chest pain. Dysphagia is progressive 
in achalasia and may also interfere with ingestion of liquids. 
Other clinical complaints may include cervical level dys-
phagia and difficulty belching. It has been suggested that 
some symptoms are related to impaired upper esophageal 
sphincter relaxation [80, 81].

Dysphagia and impaired esophageal emptying in achala-
sia is due to both impaired LES relaxation and loss of 
esophageal peristalsis. There is stasis of varying amounts of 
undigested food proximal to the LES depending on the 
capacitance of the dilated esophagus and the rate and quan-
tity of food intake. Patients develop techniques to facilitate 
esophageal emptying, including slow, purposeful swallow-
ing, avoidance of firm foods, postural changes (twisting, 
stretching), and ingestion of warm liquids with meals. 
Approximately 40% of patients have chest pain in the 
xiphoid or substernal areas, which often prompts evaluation 

for cardiac problems. This pain may be increased by 
exercise and relieved by rest [82]. Achalasia patients also 
commonly describe “heartburn,” which is most likely 
related to esophageal stasis [83]. Clouse et  al. compared 
clinical presentations of achalasia in patients greater and 
lesser than 70  years of age. Although symptom patterns 
were similar in the two groups, fewer of the older patients 
complained of chest pain [84].

Patients with achalasia are at risk for developing chronic 
inflammation, ulceration, perforation, and fistulas as a result 
of chronic stasis and retention. It has been shown that there 
is a 33-fold increased risk of esophageal carcinoma in these 
patients, with a yearly incidence of 3.4/1,000. The patients at 
highest risk are elderly patients with a long-standing history 
of dysphagia and a markedly dilated esophagus [85].

Diagnosis

A plain chest radiograph may demonstrate a widened medi-
astinum and an air–fluid level in the posterior mediastinum 
due to esophageal dilation. A barium esophogram effectively 
demonstrates the gross esophageal changes, which can 
include dilation, tortuosity, retention of food and barium, 
and a symmetric smooth tapering of the esophagus resem-
bling a bird’s beak (Fig. 59.6). The most striking gross fea-
ture of achalasia is massive esophageal dilation known as 
sigmoid esophagus or megaesophagus seen in advanced 
cases (Fig. 59.7).

Upper endoscopy should be considered a mandatory study 
to exclude peptic stricture and malignancy. The latter condi-
tion may be associated with clinical changes similar to those 
of achalasia, particularly in patients over 60  years of age 
[86, 87]. A diagnosis of pseudoachalasia can be firmly estab-
lished only by biopsy and histologic demonstration of 
carcinoma.

Of all currently available studies, esophageal manometry 
establishes the diagnosis of achalasia most effectively. 
Although the resting LES pressure is normal in 40% of 
patients, up to 80% have absent or incomplete LES relax-
ation with wet swallows. It must be emphasized that the 
presence of LES relaxation does not exclude achalasia. 
Postdeglutitive relaxations may appear complete but usu-
ally are of short duration [88, 89]. Loss of normal esopha-
geal body peristalsis is manifested by simultaneous 
contractions following wet swallows. Contractile ampli-
tudes are low (10–40 mmHg) with frequent prolonged and 
repetitive waves. Studies have shown increased basal LES 
pressure in older patients with achalasia compared to 
younger patients [90, 91]. Chuah et al. demonstrated a lin-
ear correlation between age and LES basal pressure in acha-
lasia patients [91].
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Vigorous achalasia is a variant of achalasia characterized 
by high amplitude (>60  mmHg) simultaneous esophageal 
contractions, which may be associated with intense chest 
pain. This form of achalasia may be less frequent in elderly 
patients.

Treatment

Treatment of achalasia is primarily palliative and is geared 
towards adequate symptom relief from functional LES 
obstruction [71]. Variety of nonsurgical and surgical options 
are available.

Nonsurgical Treatment

Calcium channel blockers and nitrates are the most com-
monly used pharmacological agents in the treatment of acha-
lasia. Clinical improvement with both sublingual isosorbide 
dinitrite and nifedipine treatment has been reported; how-
ever, symptom relief is variable 53–87% and 0–75%, respec-
tively [92, 93]. These agents must be taken sublingually 
immediately prior to meals to achieve the desired result. The 
major potential side effects that might limit this treatment are 
headache, hypotension, and tachyphylaxis. However, oral 
pharmacotherapy has not gained popularity because of its 
short-lived effects, poor symptom relief, and decreasing effi-
cacy with time. They are definitely an option in patients 
awaiting definitive therapy and the elderly who have failed 
botulinum toxin therapy and are poor candidates for pneu-
matic dilatation and surgery.

Intrasphincteric injection of botulinum toxin type A has 
shown to effectively reduce LES pressure by inhibiting cholin-
ergic receptors. Pasricha et  al. reported a 70% symptomatic 
relief in patients treated with botulinum toxin with 40% 
requiring more than one injection [94]. Despite impressive 
early results, the long-term efficacy of this treatment has been 
questioned based on high 1-year relapse rates and less success-
ful repeat injection. Older patients and patients with vigorous 
achalasia have a better response to botulinum therapy [95]. 
Elderly patients (>60 years) with significant medical problems 
tolerate this treatment modality well [96, 97]. Advantages of 
this procedure are: it is well tolerated with minimal complica-
tions and is a good option in elderly patients that cannot toler-
ate dilatation and surgery. On the other hand, relapse rates are 
high and frequent injections may be necessary which could 
lead to patient discomfort and increased costs.

Pneumatic balloon dilatation has wide acceptance and is a 
mainstay of treatment for achalasia. This technique employs 
a rapidly inflated balloon in the distal esophagus to dilate 
and  disrupt the circular smooth muscle fibers of the LES. 

Figure 59.6  Bird’s beak deformity of the distal esophagus in a patient 
with achalasia seen on a barium esophagram. This characteristic appear-
ance in a patient with the clinical features of achalasia is strongly sug-
gestive of this condition.

Figure 59.7  Barium esophagram of a megaesophagus in a patient with 
advanced achalasia. The barium column may be diluted by retain fluid 
and food in the enlarged and sometimes tortuous esophagus.
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The procedure is well tolerated with a short-hospital stay. 
The first dilatation results in symptom relief in 50–65% of 
patients [71]; however, 15–48% of patients require repeat 
procedures [98–100]. Patients older than 40 years had better 
2-year results than patients younger than 40 (67 vs. 29%) 
[101]. The principal risk of pneumatic dilation is esophageal 
perforation, which in skilled hands is less than 2%. The risk 
of perforation is highest with the first dilatation.

Surgical Treatment

Surgical treatment of achalasia consists of longitudinal divi-
sion of the LES muscle fibers also referred to as myotomy or 
esophagomyotomy. This procedure lowers LES pressure and 
esophageal intraluminal pressure, but most importantly erad-
icates the effects of incomplete LES relaxation. Good-to-
excellent results have been reported in as high as 90% of 
patients with 1–36  years’ follow-up of. Follow-up studies 
have demonstrated an improvement in esophageal emptying, 
increased LES diameter, and decreased esophageal diameter 
[102–105]. Although the point in a patient’s care at which 
surgery should be offered is undefined, superior results with 
laparoscopic myotomy as initial therapy, as compared to 
pneumatic dilatation and botulinum toxin, have been sug-
gested [106]. Furthermore, Smith et al. reported that compli-
cation rates after laparoscopic Heller myotomy were higher 
among patients who underwent previous endoscopic treat-
ment with GI perforation being the most common complica-
tion (9.7 vs. 3.6%) [107].

Laparoscopic esophagomyotomy is currently the most 
frequently used surgical approach for achalasia, with 
decreased postoperative pain, length of hospitalization, 
and technical ease, compared to open and thoracoscopic 
methods. Current data indicate that laparoscopic myotomy 
is a safe and effective option in elderly patients. Kilic et al. 
reported that in 57 patients >70 years of age who under-
went laparoscopic Heller myotomy, there were no periop-
erative deaths and that there was a 19.3% complication rate 
and median hospital stay of 3 days. At a mean follow-up of 
23.5  months 96.5% reported improvement in symptoms 
[108]. Severe preoperative dysphagia, dilated esophagus, 
and absence of all motility are predictors of poor outcome, 
and LES pressure >35 mmHg is a predictor of good out-
come after Laparoscopic Heller myotomy [109, 110]. The 
overall complication rate for esophagomyotomy is 10%, 
with GERD being the most common postoperative prob-
lem followed by dysphagia from insufficient myotomy 
[102]. Although partial fundoplication (Dor vs. Toupet) 
may substantially reduce postoperative reflux with 
esophagomyotomy, the potential for residual dysphagia 
has tempered its use.

Diffuse Esophageal Spasm

Diffuse esophageal spasm (DES) is a primary esophageal 
hypermotility disorder characterized by dysphagia and epi-
sodic substernal chest pain. It is a rare condition, the etiol-
ogy of which is unknown. Although the mean age of 
occurrence is in the 5th decade, it can in the elderly patients 
up to the 8th decade of life. Because the symptom that most 
often brings DES patients to medical attention is angina-like 
chest pain, formal workup for a cardiac etiology is almost 
always undertaken. The principal manometric findings in 
DES are frequent simultaneous and repetitive contractions 
of abnormally high amplitude or long duration. The finding 
of 20% or more simultaneous contractions per 10 wet swal-
lows is considered diagnostic of the disorder [111]. LES 
resting pressures and relaxation with swallows are usually 
normal. DES activity is intermittent and ambulatory 24-h 
manometry allows patients to go about their daily activities 
and receive whatever typical stimuli are necessary to pre-
cipitate an episode [112]. Many patients with DES have an 
underlying psychiatric history with diagnoses that include 
depression, psychosomatic complaints, and anxiety. These 
diagnoses have been reported in 80% of patients with mano-
metric contraction abnormalities [113].

A barium esophagram can help in the characterization of 
DES. Occasionally, a “corkscrew” esophagus caused by seg-
mental contractions of circular muscle is identified. The find-
ing of an esophageal pulsion diverticulum in a patient with 
characteristic chest pain is virtually diagnostic of DES. 
Esophagoscopy should be performed in all patients to exclude 
the possibility of a tumor, fibrosis, or esophagitis, which 
might cause esophageal narrowing that may be associated 
with proximal tertiary esophageal contractions.

Treatment of this condition may be difficult. As with 
achalasia, some patients respond to sublingual nitrates or 
calcium channel blockers before meals [114, 115]. Esophageal 
dilation may alleviate symptoms of dysphagia for days to 
months and can be repeated for continued relief [116]. 
However, there is an increased risk of perforation with mul-
tiple dilations of a hypertrophic, spastic esophagus.

Surgical treatment is generally reserved for medical 
and endoscopic treatment failures. This consists of a long 
myotomy aimed at reducing simultaneous contractions and 
improving compliance, at the cost of peristaltic loss and 
reduced residual muscular contraction amplitude [117]. It 
can be accomplished thoracoscopically [118], with an 80% 
rate of diminished symptoms during the early postopera-
tive period. Fundoplication may be performed to avoid 
reflux, but with the same concerns expressed for achala-
sia.  With long durations of follow-up (5.0–10.7  years), 
surgically treated patients can remain free of chest pain and 
dysphagia [119].
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Other Esophageal Disorders

Nutcracker esophagus is another primary esophageal hyper-
motility disorder that like DES presents as episodic dys-
phagia and chest pain. It tends to occur later than DES (5th 
and 6th decades of life) and can occur in elderly patients as 
well. It is diagnosed by manometry when average peristaltic 
pressures are above 180 mmHg and have a prolonged dura-
tion. Treatment is similar to DES.

Secondary esophageal dysmotility disorders occur in con-
junction with systemic diseases such as diabetes, hypo- and 
hyperthyroidism, systemic sclerosis, polymyositis, and amy-
loidosis. These diseases are prevalent in the elderly and 
should be kept in mind while working up a patient for a sus-
pected esophageal motility disorder [120].

Benign Tumors of the Esophagus

Benign tumors of the esophagus often go unreported and undi-
agnosed, their exact incidence is not known. In two large 
autopsy series, the reported incidences of these tumors were 
0.45 and 0.59% [121, 122]. They can be intraluminal, intra-
mural, or extramural. The most common benign tumors of the 
esophagus are leiomyomas, followed by fibrovascular polyps.

Leiomyomas

Leiomyomas are mesenchymal in origin and account for two-
thirds of all benign esophageal tumors. The peak incidence for 
leiomyomas is between the ages of 30 and 59, but can occur in 
much older patients [123]. In a review of 838 cases, 56% were 
found in the lower third of the esophagus, 33% in the middle 
third, and 11% in the upper third [124]. Majority of leiomyo-
mas are intramural and arise from the muscularis propria, but 
they can also rise from the muscularis mucosa. Esophageal 
leiomyomas grow slowly and 50% of cases are less than 5 cm 
in size [124] and in some instances maybe as large as 15 cm. 
They can be single or multiple, spherical well-circumscribed 
intramural, pedunculated intraluminal, or annular masses.

The most common symptoms are dysphagia (46.9%) and 
retrosternal or epigastric pain (46.7%). Other symptoms 
associated with leiomyomas are weight loss, nausea, vomit-
ing, reflux, ulceration, and bleeding [123]. Symptoms do not 
necessarily correlate with size [123, 125].

Large leiomyomas may present as rounded or lobulated 
lateral mediastinal growths on chest radiography, this is usu-
ally an incidental finding in asymptomatic patients. Barium 
swallow is the first diagnostic test performed in patients with 

symptoms suspicious for benign esophageal tumors. 
Leiomyomas present as a well-circumscribed smooth filling 
defects with normal overlying mucosa on swallows. 
Endoscopy confirms the tumor location and further evaluates 
the mucosa overlying the mass. Mucosa is usually normal 
and moves freely over the mass in leiomyomas, one may 
observe luminal narrowing. However, mucosal irregularity, 
ulceration, and luminal stenosis with obstruction are suspi-
cious for a malignant lesion. Endoscopic ultrasonography is 
useful in differentiating extrinsic vs. esophageal wall tumors 
and in delineating their layer of origin. Leiomyomas are well-
demarcated, uniform, hypoechoic masses, which may arise 
from the muscularis mucosa or muscularis propria 
[126, 127]. Identification of leiomyomas that originate in the 
muscularis mucosa permits consideration of endoscopic 
removal, while those that originate from the muscularis 
propria require more invasive surgical enucleation [128]. 
Computed tomography provides information regarding size, 
location, and anatomic relationships that may aid in operative 
planning. Endoscopic biopsy or endoscopic ultrasound guided 
fine needle aspiration may provide a definitive tissue diagno-
sis. This should be reserved for lesions suspicious for malig-
nancy as preoperative endoscopic biopsy is associated with 
an increased incidence of intraoperative mucosal tears [129].

Indications for surgical treatment are unremitting symp-
toms, increasing tumor size, mucosal ulceration to obtain 
histological diagnosis and facilitation of other procedures. 
Although controversial, asymptomatic patients should be 
managed nonoperatively with periodic radiological follow-
up [130]. Symptomatic leiomyomas should be enucleated 
after performing a longitudinal esophageal myotomy, care 
should be taken to avoid mucosal injury. Myotomy should 
be reapproximated to avoid mucosal bulging and postoper-
ative dysphagia. Tumors in the upper and middle third of the 
esophagus are approached from the right side of the chest, 
tumors in the lower third are approached from the left, and 
tumors at the GEJ can be resected through an upper midline 
abdominal incision. Tumors larger than 8 cm and those that 
are firmly adherent to the mucosa may necessitate esopha-
geal resection [124, 131]. Resection can be achieved via 
open and minimally invasive techniques. Thoracoscopic 
approach has been gaining popularity because of its associa-
tion with decreased hospital length of stay and postoperative 
pain in comparison to open procedures [129]. Overall patients 
tolerate resection well with minimal complications, good 
symptom relief, and no recurrences [130].

Fibrovascular Polyps

Fibrovascular esophageal polyps are intraluminal polyploid 
lesions that appear most commonly in the upper esophagus 
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near the cricopharyngeus muscle. These lesions occur 
predominantly in men during the sixth and seventh decades, 
but are also encountered in much older patients. As a group 
they include fibromas, fibrolipomas, myomas, myxofibro-
mas, pedunculated lipomas, and fibroepithelial polyps 
[132, 133]. Early lesions consist of nodular submucosal tis-
sue that may over time elongate into a pedunculated polyp. 
The geometric forces of peristalsis eventually cause the tip of 
the polyp to reach the distal esophagus.

Fibrovascular polyps come to medical attention when 
large enough to cause intermittent dysphagia, substernal full-
ness, or regurgitation of recently ingested material. The pre-
sentation may be more acute if a pedunculated polyp obstructs 
the esophagogastric junction or becomes ulcerated and 
bleeds. Although rare, regurgitation of the tumor and asphyx-
iation secondary to acute glottic obstruction are an additional 
concern [134]. A barium esophogram demonstrates the 
smooth polyploid intraluminal filling defect. Upper endos-
copy can also be used to visualize the polyp and permits the 
stalk to be traced to its level of attachment [135].

Fibrovascular polyps are resected to relieve symptoms 
and prevent aspiration and asphyxiation. The greatest polyp 
size that might be amenable to endoscopic excision is dic-
tated by the polyp’s architecture and location and by the 
endoscopist’s skill. Surgical treatment is undertaken when 
endoscopic removal is unfeasible. The standard approach is 
through a cervical incision on the side of the neck opposite 
the stalk attachment. An esophagomyotomy is performed 
below the cricopharyngeal muscle, and the polyp is delivered 
into the wound and amputated at the stalk base. If the base is 
a significant distance below the cricopharyngeus, a right 
transthoracic approach can be used.
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Neoplasms of the esophagus and gastroesophageal junction 
are aggressive tumors that often present at an advanced stage 
and that historically have been associated with poor survival 
despite therapy. Surveillance, Epidemiology and End Results 
(SEER) data from the National Cancer Institute estimate that 
16,470 Americans are diagnosed with and 14,280 die of 
esophageal cancer annually. Moreover, the incidence of 
esophageal cancer is increasing, with an annual percentage 
change of +0.5% between 1975 and 2005. SEER data also 
demonstrate that esophageal cancer is primarily a disease of 
the elderly. From 2001 to 2005, the median age at diagnosis 
for cancer of the esophagus was 69 years, with 61.5% of 
those diagnosed being age 65 or older (Fig.  60.1) [1]. 
According to US Census Bureau projections, we can expect 
our population to be older by midcentury. In 2000, 12% of 

the population was 65 or older. In 2030, when all of the baby 
boomers will be 65 or older, this age group will represent 
20% of the US population. This age group is projected to 
increase to 88.5 million in 2050, more than doubling the 
number in 2008 (38.7 million) [2]. It is apparent that sur-
geons should expect to see an ever-increasing number of 
patients with esophageal cancer. With earlier identification 
due to surveillance of premalignant disease and improved 
treatment strategies, some improvement in survival has been 
made over the past two decades (Fig. 60.2). However, most 
patients still present at an advanced stage. Surgeons will 
continue to play a significant role in the management of 
these patients, performing potentially curative extirpation in 
those with early stage disease, and palliative procedures in those 
with advanced malignancy.
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Chapter 60
Esophageal Cancer in the Elderly

Philip A. Rascoe, John C. Kucharczuk, and Larry R. Kaiser 

(continued)

Case Study

A 79-year-old Caucasian gentleman was referred by his 
gastroenterologist for a surgical opinion. He had suffered 
with severe gastroesophageal reflux for many years, 
despite therapy with antacids, H2-blockers, and proton-
pump inhibitors. One year ago, while taking 20  mg of 
omeprazole daily, he underwent upper endoscopy which 
revealed Barrett’s esophagus and low-grade dysplasia. 
His daily dose of omeprazole was escalated to 40  mg. 
Upper endoscopy was recently repeated revealing 
progression of disease, with biopsy-proven multifocal 
high-grade dysplasia. Examination in the office revealed 
a slightly obese, but otherwise healthy-appearing indi-
vidual. His past medical history was significant only for 
hypertension and hypercholesterolemia, both of which 
were well-controlled with medication. Detailed discus-

sion focused on the premalignant nature of his disease, 
and his significant risk (40–50%) of harboring esopha-
geal adenocarcinoma. He was loath to undergo less-
proven options such as endoscopic PDT or mucosal 
resection. He accepted advisement that he have an 
esophagectomy after careful discussion of the risks, 
including morbidity as high as 40% and mortality of at 
least 5%. Preoperative serology, hemogram, CXR, and 
CT of the chest, abdomen, and pelvis were unremarkable. 
He was referred to a cardiologist for preoperative clear-
ance and a noninvasive stress test revealed no evidence of 
reversible cardiac ischemia. He underwent transhiatal 
esophagectomy (THE), esophagogastric anastomosis, 
and feeding jejunostomy. His postoperative course was 
complicated by atrial fibrillation requiring management 
with amiodarone but was otherwise uneventful. Barium 
esophagram on postoperative day 7 revealed no evidence 
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Figure 60.1  Age-specific incidence of esophageal cancer (2000–2005) [1].
Figure 60.2  5-year survival rates of esophageal cancer by year of diag-
nosis (1975–2000) [1].

Histologic Classification, Location,  
and Incidence

Malignant neoplasms of the esophagus include epithelial 
tumors (such as adenocarcinoma, squamous cell carcinoma, 
and small-cell carcinoma), sarcomas, lymphomas, and meta-
static lesions from distant primary sites (Table  60.1). 
Adenocarcinoma and squamous cell carcinoma are the most 
frequent malignant lesions, and adenocarcinoma has emerged 
in recent years as the more common lesion (Fig. 60.3). In 
fact, the incidence of esophageal adenocarcinoma has 
increased in the last 25 years greater than the incidence of 
any other major malignancy in the USA (Fig. 60.4) [3]. Most 
thoracic surgeons will complete an entire career without see-
ing the less common types of esophageal malignancies. In 
this chapter, the focus is diagnosis and management of 
esophageal squamous cell carcinoma and adenocarcinoma.

The distribution of esophageal cancers along the esopha-
gus is different and somewhat characteristic. Squamous cell 
cancer occurs most commonly in the middle third of the 

esophagus. Postlethwaite [4], in a collective review of more 
than 28,000 patients with squamous tumors, reported these 
tumors to be in the upper, middle, and lower esophagus in 
15, 50, and 35% of patients, respectively. Adenocarcinoma, 
on the other hand, tends to involve the lower esophagus. 
Ming [5], reviewing a series of 4,783 patients with 
adenocarcinoma, showed the tumor to be in the lower third in 
67%. Small-cell cancers occur with equal frequency in the 
middle and lower thirds, with the upper third involved in 
fewer than 5% of cases [6]. Esophageal melanoma and cho-
riocarcinoma, though rare, seem to be most prevalent in the 
lower third. No specific pattern of distribution has been noted 
for esophageal sarcomas, lymphomas, or metastases.

There have been several consequences of the increasing 
prevalence of adenocarcinoma. Patients with adenocarcinoma 
are more likely to be treated surgically than patients with 
squamous cell carcinoma. Therefore the predominance of 
adenocarcinoma in many US surgical series results from two 
factors: an overall increase in the prevalence of adenocarci-
noma since 1978 and an increase in the likelihood of resection 

Case Study  (continued)

of anastomotic leak, and he was discharged on postopera-
tive day 9 tolerating a postesophagectomy diet and 
jejunostomy feeding. At the time of his 3-week postop-
erative visit, he had discontinued his tube feeds and was 

maintaining his weight with five small daily meals. His 
jejunostomy tube was removed at this visit. Final pathol-
ogy revealed T1N0 adenocarcinoma of the distal esopha-
gus with negative resection margins, and he was advised 
that he needed no adjuvant therapy. He is scheduled for 
return office visit in 3 months with a CXR.
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for patients with these tumors. As adenocarcinoma invariably 
involves the lower third of the esophagus and esophagogastric 
junction, both the tumor and the regional lymph nodes are 
accessible through an abdominal approach and are suitable 
for resection using the THE technique. With the option of 
avoiding thoracotomy (using the THE approach), many 
elderly patients who otherwise may not have been a candidate 
for surgical therapy may now be offered esophagectomy.

Pathogenesis

The exact etiology of esophageal cancer is unknown. The 
data support the hypothesis that the more common epithelial 
tumors arise as a result of chronic irritation of the esophagus 
from a wide range of behavioral, nutritional, and environ-
mental sources, and that the likelihood of developing cancer 
may be increased in immunocompromised patients. Tobacco, 
alcohol, and obesity are all risk factors associated with the 
development of esophageal cancer [7]. Table 60.2 shows the 
additional risk factors associated with esophageal cancer and 
their contributions to the development of either squamous 
cell carcinoma or adenocarcinoma.

The relationship between smoking and the develop-
ment of squamous cell cancers is well documented for both 
men and women [8–12]. Choi and Kahyo [9] have shown a 

Table 60.1  Classification of esophageal tumors

Epithelial
Squamous cell
Adenocarcinoma
Small cell

Non-Epithelial
Melanoma
Choriocarcinoma
Metastatic tumors
Lymphoma
Sarcoma

Figure 60.3  Histology and esophageal cancer incidence (1975–2001). 
Data from the National Cancer Institute’s Surveillance, Epidemiology, 
and End Results program with age-adjustment using the 2000 US stan-
dard population. Solid black line = adenocarcinoma; dashed 
line = squamous cell carcinoma; dotted line = not otherwise specified 
(from [3], reprinted with permission of Oxford University Press).

Figure  60.4  Relative change in incidence of esophageal adenocarci-
noma and other malignancies (1975–2001). Data from the National 
Cancer Institute’s Surveillance, Epidemiology, and End Results pro-
gram with age-adjustment using the 2000 US standard population. 
Baseline was the average incidence between 1973 and 1975. Solid black 
line = esophageal adenocarcinoma; short dashed line = melanoma; 
line = prostate cancer; dashed line = breast cancer; dotted line = lung 
cancer; dashes and dotted line = colorectal cancer (from [3], reprinted 
with permission of Oxford University Press).

Table 60.2  Risk factors for the development of esophageal cancer with 
their relevant contribution to both squamous cell and adenocarcinoma 
of the esophagus

Risk factor
Squamous  
cell carcinoma Adenocarcinoma

Tobacco use + + + + +
Alcohol use + + + −
Barrett’s esophagus − + + + +
Weekly reflux symptoms − + + +
Obesity − + +
Poverty + + −
Achalasia + + + −
Caustic injury to the esophagus + + + + −
Nonepidermolytic palmoplantar 

keratoderma (tylosis)
+ + + + −

Plummer–Vinson syndrome + + + + −
History of head and neck cancer + + + + −
History of breast cancer treated 

with radiotherapy
+ + + + + +

Frequent consumption of  
extremely hot beverages

+ −

Prior use of beta-blockers, 
anticholinergic agents, or 
aminophyllines

− ±

Source: From [7] © 2003 Massachusetts Medical Society. All rights 
reserved
+, increase in the risk by a factor of less than two; + +, increase by a 
factor of two to four; + + +, increase by a factor of more than four to 
eight; + + + +, increase by a factor of more than eight; ±, conflicting 
results have been reported; −, no proven risk
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dose-dependent relation between the amount of smoking and 
the risk of developing cancer, and they have shown that this 
risk decreases with smoking cessation. Smokeless tobacco 
products have also been shown to increase the risk of cancer 
of the oropharynx, larynx, and esophagus [13]. Numerous 
studies have documented the relationship between alcohol 
consumption and squamous cell cancer [9–12, 14, 15]. As 
with smoking, the risk appears to be dose dependent. These 
risk factors, alcohol consumption and smoking, are additive. 
Other factors implicated in the development of squamous 
cell cancer are diet, including meal composition, consistency, 
temperature, and rate of consumption, achalasia, lye inges-
tion, radiation therapy, Plummer–Vinson syndrome, and 
prior head and neck squamous cell cancer. Although many 
have postulated a genetic predisposition to esophageal can-
cer, tylosis is the only recognized familial syndrome that pre-
disposes to the development of esophageal cancer. This is an 
autosomal dominant disorder, which has been mapped to 
chromosome 17q25 [16]. Patients have hyperkeratosis of the 
palms of their hands and the soles of their feet. The risk of 
developing squamous cell carcinoma of the esophagus by 
age 70 is 95% in this cohort of patients [17].

Obesity and Barrett’s or columnar-lined esophagus are 
associated with an increased risk of developing adenocarci-
noma of the esophagus. Chronic gastroesophageal reflux 
disease (GERD) is considered the predominant contributor 
to the development of Barrett’s metaplasia. The frequency, 
severity, and duration of reflux symptoms are correlated 
with an increased risk of developing esophageal adenocarci-
noma [18]. Patients with recurring symptoms of reflux have 
an eightfold increase in the risk of esophageal adenocarci-
noma. Barrett’s esophagus develops in about 5% of patients 

with GERD. Endoscopically, it is recognized by inflamed 
salmon-colored mucosa extending proximally from the GE 
junction. Often there are intervening areas of normal-
appearing mucosa, or so-called skip areas. Figure  60.5a 
shows the typical endoscopic appearance; Fig. 60.5b shows 
the same patient with methylene blue vital stain, which can 
be used to highlight the mucosal changes. Microscopic eval-
uation reveals replacement of the normal stratified squamous 
epithelium of the esophagus with columnar epithelium more 
typical of other parts of the gastrointestinal tract. Thus, 
these changes are often referred to as “intestinalization” of 
the mucosa. With progression to dysplasia, the nuclei 
become “crowded” and the normal glandular architecture is 
lost. Histologically, patients with high-grade dysplasia carry 
a significant risk for esophageal carcinoma and should be 
considered candidates for resection. Approximately 10–30% 
of patients with high-grade dysplasia will develop invasive 
adenocarcinoma within 5 years of the initial diagnosis; 
moreover, in patients undergoing esophagectomy for pre-
sumed high-grade dysplasia, invasive carcinoma is identi-
fied in 30–40% of the pathologic specimens [19]. Barrett’s 
esophagus increases the risk of esophageal adenocarcinoma 
30- to 40-fold when compared with the general population 
[20]. The annual rate of neoplastic transformation to adeno-
carcinoma in patients with Barrett’s is 0.5% [21]. A great 
deal of progress has been made in understanding columnar-
lined esophagus since the entity was first described by 
Barrett in 1950 [22]. However, many questions remain 
including why Barrett’s esophagus and adenocarcinoma 
affect primarily Caucasian men, why only some patients 
progress to dysplasia and adenocarcinoma, and how long 
this process takes.

Figure 60.5  (a) The typical endoscopic appearance of Barrett’s meta-
plasia at the GE junction. Note the “salmon-colored” areas of erosion 
extending proximally from the GE junction. Also, note the intervening 
areas of normal-appearing mucosa (image courtesy of Micheal L. 
Kochman, M.D., Professor of Medicine, University of Pennsylvania). 

(b) Vital staining with methylene blue. Vital stains are used to highlight 
the mucosal changes at the time of endoscopy (image courtesy of 
Micheal L. Kochman, M.D., Professor of Medicine, Univeristy of 
Pennsylvania).
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Diagnosis

Unfortunately, early esophageal carcinoma is largely asymp-
tomatic. As a distensible muscular tube, a significant portion of 
the esophageal lumen must be obstructed to impede passage of 
a food bolus and produce symptoms. Dysphagia is the primary 
manifestation of esophageal cancer in 80% of patients and up 
to 20% have odynophagia. Vague symptoms of retrosternal 
discomfort and transient dysphagia are often overlooked by the 
patient and the physician. On retrospective evaluation, many 
patients have significantly altered their eating habits by avoid-
ing foods such as meats and breads while increasing their intake 
of semisolid foods and liquids. About one-half of patients have 
significant weight loss. Weight loss of more than 10% of body 
mass is an independent predictor of poor prognosis [23].

Pulmonary symptoms may be caused by aspiration of 
regurgitated food or by direct invasion of the airway by 
esophageal tumor, resulting in an esophagorespiratory 
fistula. Direct invasion through the membranous airway can 
occur with locally advanced lesions, usually involving the 
trachea or left mainstem bronchus as it passes anterior to the 
esophagus. Patients with cancers involving the upper tho-
racic esophagus must undergo preoperative bronchoscopy 
to rule out airway involvement as this precludes resection. 
Although flexible bronchoscopy may demonstrate gross air-
way invasion, rigid bronchoscopy is much more sensitive in 
determining adherence to the membranous trachea. Loss of 
the normal “ripple” effect as the rigid scope slides over the 
membranous trachea and left main bronchus suggests the 
tumor is fixed to the airway and is not resectable.

New hoarseness due to vocal cord paralysis is indicative of 
left recurrent nerve involvement and suggests unresectability. 
Virchow’s node, a palpable left supraclavicular lymph node, 
may be apparent in some patients. Fine-needle aspiration 
with positive cytology confirms the pathologic involvement 
of Virchow’s node, which is considered distant metastatic 

disease and precludes resection. Symptoms of  metastatic 
disease vary depending on the site. The most common sites 
and associated symptoms include celiac lymph nodes or liver 
with epigastric or right upper quadrant pain, pulmonary or 
pleural space metastases with shortness of breath and chest 
pain, and bone metastases with localized, severe pain.

The evaluation of a patient with suspected esophageal 
cancer involves securing the diagnosis, clinically staging the 
patient, and determining the medical operability of patients 
with stage-appropriate lesions for resection. Barium swallow 
and esophagoscopy remain the most important diagnostic 
tools for assessing the patient with esophageal symptoms. 
Barium swallow is usually the first study obtained. It pro-
vides both anatomic and functional information. A localized, 
concentric, “apple-core” narrowing of the esophagus is 
highly suggestive of carcinoma. Some benign diseases, 
such as a peptic stricture and achalasia, may mimic cancer. 
Therefore, flexible esophagogastroduodenoscopy (EGD) and 
biopsy are required to confirm the diagnosis, precisely locate 
the lesion, and rule out concurrent gastric disease that would 
preclude using the stomach as a conduit. Endoscopic infor-
mation that should be noted and recorded includes the proxi-
mal and distal extent of the tumor and the presence and 
location of concurrent esophageal or gastric pathology (e.g., 
Barrett’s mucosa). In patients considered for surgical resec-
tion, endoscopic ultrasonography (EUS) is the single most 
valuable test in determining tumor size and depth of penetra-
tion (T stage). EUS successfully predicts the T stage in 
greater than 80% of cases confirmed at surgery, and gener-
ally performs better for advanced (T4) than local (T1) dis-
ease. Regional lymph nodes are also visualized during EUS 
and can be sampled by FNA to determine the cytologic pres-
ence or absence of metastatic nodal disease (N stage). The 
sensitivity of EUS alone to predict N stage is 85% and 
improves to greater than 95% with FNA [24]. Figure 60.6 is 
an example of EUS for esophageal cancer.

Figure 60.6  Endoscopic image (a) and endoscopic ultrasound 
(b) showing a transmural adenocarcinoma of the esophagus associated 
with Barrett’s esophagus (short arrows), with lymph-node metastasis 

(long arrow) (image courtesy of John R. Saltzman, M.D., Assistant 
Professor of Medicine, Harvard Medical School; from [7]).



752 P.A. Rascoe et al.

A computed tomographic (CT) scan of the chest, abdomen, 
and pelvis with intravenous contrast is valuable for assessing 
lung and liver metastasis. However, it is not accurate 
for  determining T stage or assessing regional lymph node 
involvement.

Positron emission tomography (PET) with 18F-flourode
oxyglucose (FDG) is a physiologic test unique in its ability 
to detect increased metabolic activity within tissues. It is 
increasingly used to detect distant metastasis (M stage) in 
patients with esophageal cancer. It has been reported that 
PET will detect otherwise radiographically occult metastatic 
disease in up to 15% of patients who were thought to have 
only localized disease by conventional studies, thus making 
them more appropriately managed by nonsurgical interven-
tions [25]. We now routinely obtain a PET scan as part of the 
preoperative staging evaluation in patients under consider-
ation for esophagectomy. Increasingly, PET is being used to 
restage patients and evaluate response after neoadjuvant 
chemoradiation. Several studies have shown promising 
results in demonstrating that decreased FDG avidity after 
neoadjuvant therapy predicts pathologic response and 
increased survival [26, 27].

The use of combined thoracoscopy and laparoscopy for 
preoperative staging has been advocated by some centers. 
Periesophageal mediastinal lymph nodes and celiac lymph 
nodes can be sampled with a high degree of accuracy using 
these techniques [28]. This practice has largely been 
replaced by the combination of EUS–FNA and PET. We 
currently do not use these techniques as part of our standard 
evaluation.

Unfortunately, no serum tumor markers have been consis-
tently found in patients with esophageal cancers. Standard 
serum cancer markers including CEA, CA 19-9, and CA 125 
have no value in the preoperative evaluation of patients with 
esophageal cancer.

Staging

Esophageal cancers are staged according to the American 
Joint Committee on Cancer (AJCC) TNM staging system 
[29]. The staging system for esophageal cancer has recently 
undergone revision. Pathologic stage according to the 
updated system is dependent upon the number of nodes con-
taining metastasis, tumor grade, tumor location, and histo-
logic cell type. The current (seventh edition) AJCC TNM 
definitions are shown in Table  60.3. The stage groupings 
according to histology are displayed in Table 60.4. It is clear 
that the outcome in esophageal cancer is strongly associated 
with the stage of disease. Thus, accurate clinical staging is 
of paramount importance in formulating an appropriate 

treatment plan and providing the patient with information 
regarding prognosis. In stage-appropriate candidates, plans 
are made to optimize the patient from a medical standpoint 
and proceed to resection. The role of preoperative therapy 
followed by operation remains ill defined and hotly 
debated.

Analysis of Comorbidities and Medical 
Clearance

Esophagectomy for carcinoma is a major surgical endeavor 
and causes significant physiologic stress to the patient. As 
such, it is associated with considerable morbidity and mor-
tality. As the majority of patients presenting for resection are 

Table  60.3  American Joint Committee on Cancer (AJCC) staging 
of esophageal cancer: TNM definitions

Stage Description

Primary tumor (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis High-grade dysplasiaa

T1 Tumor invades lamina propria, muscularis 
mucosa, or submucosa

T1a Tumor invades lamina propria or 
muscularis mucosa

T1b Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures
T4a Resectable tumor invading pleura, 

pericardium, or diaphragm
T4b Unresectable tumor invading other 

adjacent structures, such as aorta, 
vertebral body, trachea, etc.

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1–2 regional lymph nodes
N2 Metastasis in 3–6 regional lymph nodes
N3 Metastasis in seven or more regional 

lymph nodes

Distant metastasis (M)

M0 No distant metastasis
M1 Distant metastasis
Source: Used with permission of the AJCC, Chicago, Illinois. The orig-
inal source for this material is the AJCC Cancer Staging Manual, 
Seventh Edition (2010) published by Springer Science and Business 
Media, LLC, http://www.springerlink.com
a High-grade dysplasia includes all noninvasive neoplastic epithelia that 
was formerly called carcinoma in situ, a diagnosis that is no longer used 
for columnar mucosa anywhere in the gastrointestinal tract
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over the age of 65, they commonly have comorbidities such 
as hypertension, diabetes mellitus, cardiac disease, and pul-
monary dysfunction. Moreover, all elderly patients have 
measurable diminution in cardiovascular, pulmonary, and 
renal physiology [30]. Careful patient selection and medical 
optimization of existing comorbidities is of paramount 
importance in maintaining acceptable surgical outcomes, 
especially in the elderly. All patients have basic laboratory 
tests (serum chemistries, CBC, and PT/PTT), EKG, CXR, 
and pulmonary function studies preoperatively. Younger 
patients with cardiac risk factors and all elderly patients are 
referred to a cardiologist for operative clearance. Most 

undergo provocative screening to identify reversible isch-
emic heart disease. Unless contraindicated, perioperative 
beta-blockade is implemented.

Therapy

The goal of any therapy designed to manage patients with 
esophageal cancer is to relieve symptoms and treat the 
underlying cancer. The purpose of this chapter is not to pres-
ent an exhaustive review of all treatment modalities but to 
cover those which are applicable in the elderly patient. It is 

Table 60.4  AJCC staging of esophageal cancer: anatomic stage/prognostic groups

Squamous cell carcinoma a

Stage T N M Grade Tumor locationb

0 Tis (HGD) N0 M0 1, X Any
IA T1 N0 M0 1, X Any
IB T1

T2-3
N0
N0

M0
M0

2–3
1, X

Any
Lower, X

IIA T2-3
T2-3

N0
N0

M0
M0

1, X
2–3

Upper, middle
Lower, X

IIB T2-3
T1-2

N0
N1

M0
M0

2–3
Any

Upper, middle
Any

IIIA T1-2
T3
T4a

N2
N1
N0

M0
M0
M0

Any
Any
Any

Any
Any
Any

IIIB T3 N2 M0 Any Any
IIIC T4a

T4b
Any

N1-2
Any
N3

M0
M0
M0

Any
Any
Any

Any
Any
Any

IV Any Any M1 Any Any

Adenocarcinoma

Stage T N M Grade

0 Tis (HGD) N0 M0 1, X
IA T1 N0 M0 1–2, X
IB T1 N0 M0 3

T2 N0 M0 1–2, X
IIA T2 N0 M0 3
IIB T3 N0 M0 Any

T1-2 N1 M0 Any
IIIA T1-2 N2 M0 Any

T3 N1 M0 Any
T4a N0 M0 Any

IIIB T3 N2 M0 Any
IIIC T4a N1-2 M0 Any

T4b Any M0 Any
Any N3 M0 Any

IV Any Any M1 Any
Source: Used with permission of the AJCC, Chicago, Illinois. The original source for this material is the AJCC Cancer Staging Manual, Seventh 
Edition (2010) published by Springer Science and Business Media, LLC, http://www.springerlink.com
a Or mixed histology including a squamous component or NOs
b Location of the primary cancer site is defined by the position of the upper (proximal) edge of the tumor in the esophagus
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important for elderly patients and their families to be aware 
of their treatment options so the choice of therapy fits the 
patient’s desires, lifestyle, and personal and family support 
systems.

Surgery

Surgery has emerged as the best single-modality therapy for 
patients with esophageal cancer in terms of durable control 
of dysphagia and survival. Multiple factors influence the 
surgical approach to an esophageal malignancy. These 
include the nature and location of the neoplasm, the overall 
health of the patient, and the expertise of the surgeon. 
Several surgical approaches have been described. These 
include the transhiatal approach [31], the transabdominal 
transthoracic approach (Ivor Lewis) [32], the three-stage or 
“three-hole” approach (McKeown) [33], the thoracoabdom-
inal approach, and the minimally invasive approach. These 
operations all include subtotal esophageal resection and 
resection of the esophagogastric junction, gastric cardia, 
and regional lymph nodes (Fig. 60.7). The incisions used for 
these techniques are demonstrated in Fig.  60.8. Each 
approach has its own set of risks and benefits as well as out-
spoken opponents and proponents. Selection of the appro-
priate approach requires experienced surgical judgment. 
Despite the rhetoric, several studies have shown equivalent 
outcome among the multiple approaches. It appears that the 
experience of the surgeon [34] and the number of cases per-
formed at a particular institution are the leading factors 
determining outcome [35]. Clearly, failures in technique 
that occur during the performance of an esophagectomy are 
associated with increased length of hospital stay and 
increased in-hospital mortality and are predictive of a poorer 
overall long-term survival [36].

Options for reconstruction include gastric tube, colonic 
interposition, and small intestinal free graft. Because of its 
ample blood supply, ease of mobilization, and sufficient 
length to reach the neck, the gastric tube is the usual conduit 
of choice for reconstruction. The use of colon is more com-
plex and has increased morbidity when compared to gastric 
pull-up [37]. We reserve the use of colon or jejunum for 
patients with an unusable stomach due to previous surgery, 
tumor extension, or other technical considerations.

The esophageal anastomosis requires meticulous atten-
tion. Many esophageal operations are plagued by high 
anastomotic leak rates and a significant number of postop-
erative strictures. At present, the modified stapled anastomo-
sis [38] as described by Orringer appears to have the lowest 
leak rate, about 3% as compared with sutured techniques, 
which are as high as 15%. Many thoracic surgeons have 
adopted this anastomotic technique.

The transhiatal approach.  The THE was reintroduced by 
Orringer and Sloan [31] in 1978 and continues to be refined 
[38–40]. THE does not require a thoracotomy. As such, THE 
may be cautiously offered to some elderly and high-risk 

Figure  60.7  Standard esophagectomy for cancer involves subtotal 
esophagogastric resection along with removal of the regional lymph 
nodes. Different incisional approaches result in variations in the amount 
of resected esophagus and the level of the esophageal anastomosis 
(reprinted from [67], with permission from Elsevier).

Figure 60.8  Incisions used for the more common esophagectomy tech-
niques (from [68], with permission).
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patients who otherwise would not be candidates for surgery. 
Indications for THE include benign or malignant esophageal 
pathology usually involving the distal half of the intratho-
racic esophagus in which there are options for long-segment 
esophageal replacement. The procedure is performed through 
an upper midline laparotomy and left cervical incision. A gas-
tric conduit based on the right gastroepiploic artery is used to 
establish gastrointestinal continuity. If the stomach is unus-
able, a colonic interposition can be performed. Advantages of 
the THE approach are that (1) it avoids thoracotomy, which 
results in less short-term incisional pain, reduced narcotic 
requirement, and greater mobility and independence; (2) it 
uses a cervical esophageal anastomosis, which minimizes the 
adverse consequences of anastomotic leakage; and (3) gastric 
pull-up with cervical esophagogastric anastomosis results in 
reliable and durable quality of swallowing. Disadvantages 
are that (1) it requires long-segment esophageal replacement; 
(2) it is associated with a risk of ipsilateral recurrent laryn-
geal nerve injury; (3) there is a chance of intrathoracic injury 
from the “blunt” transhiatal dissection; and (4) complete 
intrathoracic lymphadenectomy is difficult to achieve.

The Ivor Lewis approach.  Partial esophagogastrectomy 
using midline abdominal and right thoracotomy incisions, 
also known as the Ivor Lewis [32] technique, is designed to 
optimize exposure of the intrathoracic esophagus, which 
passes through the upper two-thirds of the chest along the 
right posterior mediastinum. The involved portion of esopha-
gus is freed from the mediastinum and resected along with 
the esophagogastric junction, proximal cardia, and regional 
lymph nodes. The resected esophageal segment is replaced 
most commonly by stomach, which is mobilized and passed 
into the chest along the esophageal bed and anastomosed to 
the proximal esophagus near the level of the azygous vein. 
The advantage of Ivor Lewis esophagectomy (ILE) is the 
excellent exposure of the mid- to upper intrathoracic esopha-
gus and lymph nodes. The disadvantages are (1) postthorac-
otomy pain; (2) the potential for intrathoracic esophageal 
anastomotic leak; and (3) a moderate amount of thoracic 
esophagus is retained with this approach and may be at risk 
of recurrent disease, specifically in the setting of severe 
Barrett’s esophagus.

Three-field esophagectomy.  This approach is carried out 
through separate laparotomy, right thoracotomy, and cervical 
incisions [33]. Proponents of this approach fall into two 
categories. The first group utilizes this approach to resect 
large intrathoracic lesions of the mid-esophagus. Exposure, 
especially at the level of the carina and left mainstem 
bronchus, is superior as compared with the transhiatal 
approach. Because visualization is improved, the injury rate 
to nearby structures, especially the airway and azygous vein, 
is lower. This approach has the benefits of both ILE and 
THE, as direct visualization of the mid-esophagus is obtained 

while allowing for cervical esophagogastric anastomosis. 
The second group utilizes this approach to perform a com-
plete two- or three-field lymph node dissection, suggesting 
that this approach provides a more complete resection and 
thus improves long-term survival. This approach has been 
shown to have acceptable morbidity and mortality as com-
pared with other approaches; however, the often-cited report 
was from a single US center [41]. On the other hand, a large 
randomized Dutch trial comparing transhiatal resection with 
extended transthoracic resection showed that the transhiatal 
approach was associated with a lower morbidity and no sta-
tistically different overall, disease-free, and quality-adjusted 
survival [42]. Patients who underwent thoracotomy had an 
increased incidence of chyle leak and pulmonary complica-
tions, as well as longer ventilator-dependence, ICU stay, and 
hospital stay. A meta-analysis by the same group demon-
strated no difference in survival at 3 and 5 years [43]. The 
statistically significant differences in morbidity and mortal-
ity from the meta-analysis are demonstrated in Table 60.5. In 
a recent retrospective review of 2,303 esophageal cancer 
patients treated with R0 resection without adjuvant or neoad-
juvant therapy, the number of nodes removed was an inde-
pendent predictor of survival. The authors concluded that to 
maximize this survival benefit, a minimum of 23 nodes 
should be removed at esophagectomy [44]. The true value of 
extensive lymphadenectomy in esophageal cancer remains 
undefined.

The thoracoabdominal approach.  The left thoracoabdomi-
nal approach is probably the least utilized of all approaches 
to the esophagus. It is performed by making an oblique inci-
sion from the midpoint between the xiphoid and umbilicus 
across the costal arch to the tip of the scapula. The abdomen 
is opened, the costal arch is divided, and the chest is entered 
through the seventh intercostal space. The diaphragm is 
opened in a circumferential manner along the chest wall to 
avoid any damage to the phrenic nerve branches. At least a 
2-cm rim of diaphragm is preserved on the chest wall to aid 
in reconstruction of the diaphragm at the completion of the 

Table  60.5  Transthoracic esophagectomy vs. transhiatal esophagec
tomy for carcinoma – a meta-analysis (7,527 patients)

Transthoracic Transhiatal

In-hospital mortality 9.2% 5.7%
Blood loss (mL) 1,001 728
Pulmonary complications 18.7% 12.7%
Chylothorax 2.4% 1.4%
Intensive care unit stay (days) 11.2 9.1
Hospital stay (days) 21.0 17.8
Anastomotic leak 7.2% 13.6%
Vocal cord paralysis 3.5% 9.5%
3-year survival 26.7% 25.0% (ns)
5-year survival 23.0% 21.7% (ns)
Source: From [43], reprinted with permission from Elsevier
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procedure. This approach offers superior exposure to the left 
upper quadrant, including the hiatus, and is our approach of 
choice in patients with previous extensive hiatal or proximal 
gastric surgery. For patients with distal tumors and inade-
quate conduit for total esophageal replacement, the anasto-
mosis can be placed in the left chest below the inferior 
pulmonary vein or up to the level of the aortic arch. For those 
with adequate conduit, a separate left cervical incision can 
be made and the cervical esophagastric anastomosis can be 
placed in the neck. A consecutive case series of 64 thora-
coabdominal esophagectomies reported no anastomotic leaks 
and a 2% mortality rate [45].

Minimally invasive esophagectomy.  A number of minimally 
invasive techniques to esophagectomy have been described. 
These include laparoscopic, hand-assisted, thoracoscopic, and 
robotic-assisted esophagectomy. The hope of these procedures 
is that minimizing the incision size will decrease the morbid-
ity of the operation while at the same time providing adequate 
resection. The largest study included 217 patients from the 
University of Pittsburgh who underwent esophagectomy via 
thoracoscopy, laparoscopy, and a left neck incision [46]. The 
investigators observed equivalent results as compared to open 
techniques and suggest development of a multicenter trial to 
define the role of minimally invasive esophagectomy. At pres-
ent, the advantage of this approach remains to be determined.

Esophagectomy in the Elderly

As previously stated, elderly patients presenting for esophagec-
tomy often have pre-existing cardiopulmonary comorbidities. 
However, whether postsurgical outcome in the elderly is 
worse than for younger patients remains controversial.

In a retrospective review by Ruol et al., of 1,400 patients 
presenting with esophageal cancer over the course of 13 
years, there was no difference in morbidity (~49%), 30-day 
mortality (1.9%), or 5-year survival (~34%) in postesophagec-
tomy patients 70 or older when compared to the group 
younger than 70 [47]. As discussed in this paper, a signifi-
cantly higher percentage of patients in the younger age group 
underwent esophagectomy, indicating that these results were 
obtained in a highly selected group of elderly patients. This 
underscores the importance of preoperative risk assessment, 
but also demonstrates that long-term survival of elderly 
esophageal cancer patients who tolerate esophagectomy is 
independent of age alone.

A retrospective review of the experience at Roswell Park 
Cancer Institute revealed similar results. The percentage of 
patients older than 70 who were deemed surgical candidates 
was statistically lower than younger patients. Overall 
morbidity, mortality, and survival were equivalent in the two 
surgical groups, with only atrial fibrillation and myocardial 
infarction being increased in the elderly [48].

In contrast to the previous two studies, experience at 
Memorial Sloan-Kettering Cancer Center revealed that older 
patients had longer length of hospital stay and worse postop-
erative mortality. In particular, their octogenarian cohort had 
a perioperative mortality of almost 20%, as well as an overall 
shorter disease-free survival [49].

In analyzing surgical outcome in 1,777 esophagectomy 
patients from the Veterans Affairs (VA) Medical Centers, the 
largest cohort to date, Bailey et al. documented a 10% mor-
tality and 50% morbidity rate. Multivariate analysis revealed 
increasing age to be one of eight preoperative and intraopera-
tive variables predictive of 30-day mortality [50].

In a retrospective cohort study analyzing outcomes from 
two large national databases, Finlayson and colleagues dem-
onstrated higher mortality, lower 5-year survival, and greater 
probability of transfer to extended-care facilities among 
octogenarians undergoing esophagectomy for cancer when 
compared to patients aged 65–69 [51]. They identified simi-
lar results for patients undergoing pancreatectomy and lung 
resection for malignancy.

Finally, Ra and colleagues similarly analyzed the SEER-
Medicare national database and found that age greater than 
80, increasing Charlson comorbidity index, and operation at 
a low esophagectomy volume hospital were statistically sig-
nificant predictors of postoperative mortality after esophagec-
tomy for cancer [52].

The above-mentioned studies demonstrate well the ongo-
ing controversy regarding postsurgical outcome in elderly 
esophageal cancer patients. Series of highly selected elderly 
patients at tertiary referral centers appear to demonstrate 
equivalent outcome when compared to younger patients. 
However, when national series are obtained from retrospec-
tive analyses of the VA and SEER-Medicare databases, 
increasing age appears to be an independent predictor of 
morbidity and mortality. It seems likely that the best possible 
surgical outcomes are obtained in elderly patients who are 
meticulously screened, medically optimized with regards to 
existing comorbidities, and undergo surgery in a high-volume 
tertiary referral center.

Neoadjuvant Therapy

The role of preoperative therapy followed by operation for 
Stage II and III disease remains ill-defined and hotly 
debated. The current information on neoadjuvant treatment 
can be divided into studies evaluating preoperative 
radiation, preoperative chemotherapy, and combined pre-
operative chemoradiation therapy. In operable patients 
with resectable tumors, the results of any preoperative 
therapy followed by resection must be compared with the 
results of primary resection alone. Importantly, this analy-
sis must take into account the toxicities associated with 
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multimodality therapy and the impact on the intended 
resection and quality of life.

A number of randomized trials have failed to show any 
benefit from preoperative radiation therapy alone. Proponents 
of preoperative radiotherapy argue that the trials are too 
small to demonstrate the advantages of this approach. 
A  meta-analysis of available randomized trials comprising 
1,147 patients, however, found no improvement in survival 
with preoperative radiotherapy alone in patients with resect-
able esophageal cancer [53]. At this time, there is no indica-
tion for preoperative radiation therapy alone followed by 
resection.

The utility of preoperative chemotherapy alone is much 
more poorly defined. A large multicenter randomized trial in 
the USA (Intergroup Trial) of 440 patients failed to show 
any improvement in survival after three cycles of combined 
cisplatin and fluorouracil followed by surgery and two post-
operative cycles when compared to surgery alone [54]. This 
is in contrast to a large randomized European study (Medical 
Research Council), which suggested that neoadjuvant che-
motherapy resulted in nearly a 10% improvement in survival 
at 2 years [55]. Unfortunately, the preoperative staging tech-
niques and duration of treatments were quite different, mak-
ing the two studies difficult to compare. More recently, 
another European neoadjuvant chemotherapy trial (MAGIC 
trial) demonstrated improved survival with perioperative 
chemotherapy vs. surgery alone (36 vs. 23% at 5 years) [56]. 
Of note, 75% of the MAGIC trial participants had gastric 
cancer, while only 25% had either distal esophageal or GE 
junction adenocarcinoma. Also, only 41.6% of patients ran-
domized to perioperative chemotherapy were able to com-
plete all six prescribed cycles of therapy. In the most recent 
Cochrane Review of the topic, 11 randomized controlled tri-
als with 2,051 patients suggested that preoperative chemo-
therapy plus surgery may offer a survival advantage compared 
to surgery alone for resectable esophageal cancer [57]. There 
was no demonstrable difference in the rate of resection, 
tumor recurrence, or postoperative morbidity. There was 
some chemotherapy-related morbidity. Presumably based 
on the relative success of the MRC and MAGIC trials, che-
motherapy alone is utilized quite commonly as neoadjuvant 
therapy in Europe, while combined chemotherapy and radi-
ation is utilized more commonly in the USA.

Several small randomized trials have evaluated combined 
preoperative chemoradiation followed by surgical resection. 
The most widely cited trial to justify the use of combined 
treatment followed by surgery was published by Walsh et al. 
in 1996 [58]. This study projected a 3-year survival of 32% 
in the neoadjuvant treatment group as compared to 6% in the 
surgery alone group for patients with adenocarcinoma. 
Critics were quick to point out the lack of appropriate stag-
ing, the poor survival in the surgical group as compared with 
other surgical series, and the small study size. A more recent 
study found equivalent median and 3-year survival in patients 

with squamous cell carcinoma of the esophagus randomized 
to either preoperative chemoradiation followed by surgery or 
surgery alone [60]. An increased complication rate was noted 
in the patients undergoing preoperative chemoradiation ther-
apy. A recent meta-analysis of ten randomized controlled tri-
als of neoadjuvant chemoradiotherapy vs. surgery alone 
demonstrated an absolute survival advantage of 13% at 2 
years favoring neoadjuvant therapy [60]. Despite a paucity of 
conclusive data, there seems to be an evolving consensus at 
most centers that patients with T3 and/or N1 disease should 
receive neoadjuvant chemoradiation. This issue remains 
unresolved, and operation remains the standard treatment for 
localized esophageal cancer outside of a clinical trial. At this 
time we consider neoadjuvant chemoradiotherapy to be 
investigational. Unfortunately, a large intergroup trial 
designed to answer this question was closed because of poor 
accrual.

Very little data exists regarding neoadjuvant chemoradia-
tion in the elderly. Elderly patients are often not offered 
neoadjuvant therapy due to concerns of susceptibility to 
treatment-related toxicities. Moreover, octogenarians are 
often excluded from neoadjuvant trials. The M.D. Anderson 
Cancer Center group has reported their experience with 
combined modality therapy in elderly patients. They com-
pared three groups of patients: (1) patients 70 years or older 
who received neoadjuvant chemoradiation; (2) patients 
younger than 70 who received neoadjuvant chemoradiation; 
and (3) patients 70 years or older who received surgery 
alone. Elderly patients receiving preoperative chemoradia-
tion were more likely to require perioperative blood transfu-
sions and had a higher incidence of postoperative atrial 
arrhythmias. Otherwise, postoperative outcome as well as 
median, 1-year, and 3-year survival were similar in the three 
groups [61].

Palliation

The goal of esophageal resection, whether as primary treat-
ment or as part of a multimodality plan, is cure, though this 
goal remains elusive. Palliative esophagectomy is associated 
with mortality rates in excess of 20% and morbidity rates as 
high as 50% and should therefore be avoided [62]. Very 
effective palliation can be obtained with chemotherapy, radi-
ation therapy, and endoscopic interventions such as stenting. 
The intent of palliation is to maintain comfort, restore swal-
lowing function, and support nutrition. Establishment of 
alternative enteral access is helpful in maintaining nutritional 
status and hydration. When possible, this is provided by a 
percutaneous gastrostomy (PEG) tube placed under endo-
scopic guidance. For patients with bulky obstructing lesions 
who cannot undergo PEG, an open or laparoscopic gastros-
tomy or jejunostomy tube is required.
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Radiation

Palliative radiotherapy relieves dysphagia in up to 75% of 
patients. The dose is 4,000–5,000  cGy delivered over 4 
weeks. This allows patients with advanced disease and severe 
dysphagia to handle secretions and to swallow liquids as well 
as dietary supplements. Unfortunately, relief is not immedi-
ate and maximal improvement occurs at about 4 weeks 
following completion of treatment. In patients with a life 
expectancy greater than 3 months, combined chemotherapy 
with radiation is utilized. Short-term side effects from radia-
tion therapy include skin irritation and erythema. Esophagitis 
with painful swallowing also occurs with some frequency. 
Additional complications include stricture formation, radia-
tion pneumonitis, and fistulization to the airway.

Chemotherapy

Esophageal cancers are usually responsive to chemothera-
peutic drugs, providing some palliation. Agents currently in 
use include fluorouracil and taxanes either alone or in com-
bination with platin-based agents. Palliative chemotherapy 
requires time to effectively reduce symptoms of dysphagia 
and must be balanced with the associated risks of systemic 
treatment in usually debilitated, malnourished patients. 
Chemotherapy has been used in combination with radiation 
therapy with the goal of increasing response rates, lengthen-
ing the disease-free interval, and improving survival. The 
Radiation Therapy Oncology Group (RTOG) compared four 
cycles of cisplatinum + 5-fluorouracil (5-FU) + 50  Gy of 
radiation to radiotherapy alone with 64  Gy [63]. The trial 
was stopped early because the interim results demonstrated 
a significant survival advantage in the chemotherapy group, 
with median survival of 12.5 and 8.9 months and 2-year sur-
vival of 50 and 38% for the chemoradiation and radiotherapy 
groups, respectively. Therefore patients with locally 
advanced disease who are not considered surgical candidates 
as a result of unresectable tumors or medical risks should be 
considered for chemoradiation therapy rather than irradia-
tion alone.

Endoscopic Palliation

Endoscopic techniques to restore luminal patency are 
palliative procedures that may be used in patients who are 
not candidates for primary surgical therapy, in an adjuvant 
setting for patients receiving combination therapy, or in the 
setting of locally recurrent cancer following surgery. 

Endoscopic techniques include dilatation, thermal ablation 
with laser or coagulation probes, intubation with self-
expanding stents, and photodynamic therapy (PDT). The 
variables that must be considered when selecting the specific 
method are cost, tumor location and length, whether the 
tumor is circumferential, and the presence or absence of an 
esophagorespiratory fistula.

Stenting

Palliative endoscopic intubation of inoperable malignant 
esophageal strictures was first described in the 1970s [64]. 
Currently, self-expanding coated and uncoated nitinol stents 
are utilized for palliation. These stents can be inserted either 
radiologically or endoscopically on an outpatient basis. 
Following insertion, the lumen can be balloon-dilated to an 
acceptable diameter to provide palliation. Cook and Dehn 
[65] cited four major benefits of covered expandable stent 
use: (1) shorter hospital stay compared with rigid tube inser-
tion; (2) single hospital stay; (3) lack of readmission for 
recurrent obstruction from tumor ingrowth or food impac-
tion; and (4) no procedure-related morbidity or mortality.

Neodymium: Yttrium–Aluminum–Garnet  
Laser Fulguration

Endoscopic neodymium:yttrium–aluminum–garnet (Nd:YAG) 
laser fulguration can be used to provide temporary relief of 
esophageal obstruction in patients with unresectable obstruct-
ing tumors. A flexible quartz fiber is passed through the 
working channel of the esophagoscope to deliver the laser 
energy at the fiber tip. Multiple sessions are usually required 
to achieve debulking and functional success. Laser fulgura-
tion is often combined with endoluminal stenting and radia-
tion therapy. It can also be useful in patients who have 
undergone uncovered stenting procedures with ingrowth of 
tumor through the stent. To be a candidate for this therapy, 
the endoscope must be able to traverse the tumor. 
Contraindications for laser therapy include completely 
obstructing cancers and esophagorespiratory fistulae.

Photodynamic Therapy

Intraluminal PDT is a nonthermal ablative technique that  
can be used to palliate patients. This technique requires the 
systemic administration of a hematoporphyrin, which is  
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concentrated within the malignant cells. Approximately 48 h 
after administration of the photosensitizer, patients undergo 
endoscopy and an argon-pump dye-laser is used to deliver 
endoluminal light at a wavelength of 630 nm. This results in 
the generation of oxygen radicals, which quickly lead to 
tumor necrosis. The depth of penetration is relatively limited 
and this decreases the risk of full-thickness necrosis with 
perforation. Unfortunately, the photosensitizing agents are 
retained by the reticuloendothelial system in skin; thus, 
patients are sensitive to infrared wavelength light, including 
sunlight, radiant heat, fluorescent light, and strong incandes-
cent light. Depending on the photosensitizing agent used, 
this sensitivity can persist up to 3 months, a challenging 
problem in patients with short life expectancies.

A recent series of 215 patients treated with palliative 
endoluminal PDT revealed a procedure-related mortality rate 
of 1.8%, effective palliation for patients with obstructing 
cancers in 85% of the treatment courses, and median survival 
of 4.8 months [66]. A number of patients in this series also 
required stenting, suggesting that PDT has a role in multimo-
dality palliation of obstructing esophageal cancers.

Summary

16,470 Americans are diagnosed with and 14,280 die of •	
esophageal cancer annually.
Esophageal cancer is primarily a disease of the elderly. The •	
median age at diagnosis for cancer of the esophagus is 69 
years, with 61.5% of those diagnosed being age 65 or older.
The incidence of esophageal adenocarcinoma has •	
increased in the last 25 years greater than the incidence of 
any other major malignancy in the USA.
Careful patient selection and medical optimization of •	
existing comorbidities is of paramount importance in 
maintaining acceptable surgical outcomes, especially in 
the elderly.
Despite a paucity of conclusive data, there seems to be an •	
evolving consensus at most centers that patients with T3 and/
or N1 disease should receive neoadjuvant chemoradiation.
Whether postsurgical outcome in the elderly is worse •	
than for younger patients remains controversial. It seems 
likely that the best possible surgical outcomes are 
obtained in elderly patients who are meticulously 
screened, medically optimized with regards to existing 
comorbidities, and undergo surgery in a high-volume ter-
tiary referral center.
Palliative esophagectomy is associated with mortality •	
rates in excess of 20% and morbidity rates as high as 50% 
and should therefore be avoided. Very effective palliation 
can be obtained with chemotherapy, radiation therapy, 
and endoscopic interventions such as stenting.
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Normal Anatomy and Physiology  
of the Stomach

The stomach comprises five anatomical regions: the cardia, 
fundus, body or corpus, antrum, and pylorus. The cardia is 
contiguous to the lower esophageal sphincter and is the tran-
sition between the esophagus and the stomach. The cardia is 
used to create a reference horizontal plane that delimits the 
second and third regions of the stomach, the fundus, and cor-
pus, respectively. The fundus is located above this horizontal 
plane. The body is delimited proximally by the horizontal 
plane at the level of the cardia and distally by the incisura 
angularis. The incisura angularis is located at the abrupt right 
angle created by the lesser curvature in the distal portion of 
the stomach; it marks the transition between the body and the 
antrum. The pylorus delimits the transition between the 
stomach and duodenum; it controls gastric emptying [1].

Microscopically, the stomach has four different layers. 
The external layer or serosa is an extension of the visceral 
peritoneum that covers the entire stomach. Underneath the 
serosa is the second layer known as muscularis propia which 
is formed by three different layers of muscle: an inner oblique 
layer, a middle circular layer and an outer longitudinal layer. 
The middle muscular layer forms the pylorus at the end of 
the stomach. The muscularis propia contains many ganglion 
cells that create a neuronal plexus known as myenteric or 
Auerbach’s plexus. The third layer or submucosa is a firm 
matrix of collagen and elastin that contains plasma cells, 
lymphocytes, lymphatics, and blood vessels. Numerous gan-
glion cells are also located in this layer; they form the sub-
mucosal or Meissner’s plexus. The gastric lumen is lined 
internally by the last layer or gastric mucosa which is formed 
by a columnar epithelium that covers a layer of connective 
tissue (lamina propia) and a thin muscular layer known as 

muscularis mucosa. The columnar epithelium invaginates 
and contains different gastric pits. Each gastric pit opens to 
four or five different gastric glands [2].

Each region has a different function and histology, the 
whole surface of the stomach is lined with glands, but the 
epithelial cells that create these glands are different in each 
region. Gastric glands can be classified as oxyntic or antral 
based on the main type of cell present in them. Oxyntic glands 
are present in the proximal stomach (fundus and body) while 
antral glands are found in the distal stomach (antrum). Oxyntic 
glands produce pepsin and gastric acid. The major function of 
antral glands is to produce gastrin [3].

Mucous cells are the most common type of gastric cell 
and are present in the surface of the stomach. The mucous 
and bicarbonate secreted by them create a neutral mucous 
film that prevents back diffusion of hydrogen ions (H+) from 
the gastric lumen to the cells. This film is very viscous owing 
to a high content of long chain oligosaccharides. Mucous 
cells also produce a hydrophobic film of phospholipids that 
blocks back diffusion of hydrogen ions [4].

The main component of oxyntic glands are parietal cells. 
These cells contain multiple mitochondria that generate the 
energy required for acid secretion. The apical membrane of 
parietal cells contains the H+/K+-ATPase pump, responsible 
of gastric acid secretion. Parietal cells are mainly present in 
the proximal stomach (fundus and the body) [1].

Chief cells are located at the base of the oxyntic glands in 
the fundus and the body. They store pepsinogen inside intra-
cytoplasmic granules that get secreted shortly after eating. 
This effect is mediated by acetylcholine. Pepsinogen is con-
verted to pepsin in the gastric lumen; it breaks the ingested 
proteins into small peptides. Pepsin has an optimal activity at 
a pH 2.5, but if the intraluminal pH raises above 5, pepsin 
gets deactivated [5].

The body of the stomach also contains enterochromaffin 
like cells (ECL) that express histidine decarboxylase. ECL 
cells secrete histamine in response to acetylcholine release 
during the cephalic or vagal phase of gastric secretion. 
Histamine is also secreted in response to gastric distention. 
This effect is mediated by gastrin. Histamine induces the 
release of gastric acid by parietal cells [2].
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G cells are the major component of antral glands. They 
secrete gastrin in response to gastric distention, vagal stimu-
lation, or on increase of the intraluminal concentration of 
peptides and amino acids. Gastrin increases the secretion of 
gastric acid and pepsinogen. It also induces cell growth and 
differentiation of parietal cells.

D cells release somatostatin into the bloodstream when 
the concentration of gastric acid increases. The primary loca-
tion of these cells is the antrum, but the body of the stomach 
also has D cells. Somatostatin inhibits the secretion of gas-
tric acid, histamine, and gastrin [5].

Immature or undifferentiated cells are intercalated 
between other cells in the isthmus of gastric glands. They 
migrate and differentiate into other type of cells.

Effect of Age on Gastric Physiology

Gastric diseases are influenced by age. The surgeon caring for 
elderly patients has to understand that not only co-morbidities 
influence the clinical scenario; aging affects the normal phys-
iology, histology, and pathology of the stomach.

The major changes in gastric physiology and histology 
associated with normal aging are:

	1.	 Gastric motility.  Aging is associated with normal gastric 
emptying of liquids but slower gastric emptying with 
solid foods. The accommodation reflex is slower in elderly 
patients. In healthy subjects the presence of nutrients in 
the small intestine decreases antral contractions, increases 
the pyloric tone, and induces relaxation of the gastric fun-
dus. These responses are mediated by different hormones 
but cholecystokinin (CCK) is most responsible for this 
response. The plasma concentrations of CCK are persis-
tently elevated in older patients before and after meals. As 
a consequence, they experience decreased appetite and 
slower gastric emptying [6]. The decrease in gastric motil-
ity can influence drug absorption. This is one of the 

reasons why older patients have more side effects as com-
pared to younger patients [7].

	2.	 Bicarbonate secretion.  Aging decreases both the basal 
and induced secretion of bicarbonate in the human stomach 
which decreases acid neutralization in elderly patients [6].

	3.	 Mucous. The quality of the mucus in the stomach decreases 
with age; this effect is independent of Helicobacter pylori 
infection and any medication. In vivo studies with rats have 
shown that the population of mucous cells decreases in 
older animals. In humans, the total number of mucous 
secreting cells only decreases after H. pylori infection [7].

	4.	 Prostaglandins (PG) synthesis.  The main types of PGs 
identified in the gastric mucosa are PGE2 and PGI2 and 
lesser amounts of PGF2 and PGD2 [4]. Mucous cells 
release PGE2 and PGI2 on epithelial injury. Both mole-
cules increase the mucosal blood flow and induce the 
release of mucous and bicarbonate secretion. The mucous 
and bicarbonate create a preepithelial barrier that keeps the 
pH neutral [5]. Gastric biopsies from elderly patients 
showed a decrease in PGE2 and PGF2 a levels [8]. Studies 
in rats have shown that the constitutive expression of COX 
(COX-1), the enzyme that catalyzes the conversion of 
arachidonic acid to PGs decreases in older animals. This 
finding has yet to be confirmed in humans [9].

	5.	 Pepsin.  Studies evaluating the secretory function of the 
stomach have indicated that pepsin secretion decreases in 
elderly subjects [9].

	6.	 Mucosal blood flow.  There is no evidence that mucosal 
blood flow changes in older healthy patients [9].

	7.	 Gastric acid secretion.  Studies prior to 1983 demonstrated 
that gastric acid secretion decreases in elderly patients. 
However these studies were completed before H. pylori 
was identified. The prevalence of H. pylori infection 
increases with age (up to 80% in patients older than 80 
years). Chronic infection with H. pylori induces atrophic 
gastritis, therefore the hypochlorhydria previously described 
in older patients is a consequence of H. pylori infection, not 
a consequence of aging. Current evidence suggests that 
gastric acid secretion is not influenced by aging [10].

(continued)

Case Study

A 77-year-old white female arrives to the emergency 
department complaining of 3 days with multiple episodes 
of melena and seven episodes of hematemesis during the 
last day. She denies any other symptom. Her family affirms 
that she has longstanding diabetes mellitus complicated 
with renal insufficiency and coronary artery disease that 
required treatment with two stents 3 years ago. She also 
had total right knee replacement 6 months ago. Her current 
medications are insulin, lisinopril, ibuprofen, and clopidogrel. 

She appears initially stable, with normal vital signs, no acute 
distress but while being examined she has an episode of 
massive hematemesis. The heart rate increases to 120 bpm, 
blood pressure decreases to 70/50, respiratory rate 20, the 
saturation decreases to 85%.

	1.	 What is the initial management required by this 
patient?

At an upper endoscopy a 2-cm ulcer is seen in the 
duodenum. Bleeding is successfully controlled and 
remains hemodynamically stable; however, 10 h later 
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Peptic Ulcer Disease

Epidemiology

The number of admissions, surgeries, and mortalities 
related to peptic ulcer disease (PUD) has generally 
decreased; however, the proportion of patients older than 
65 years admitted for duodenal or gastric ulcer complica-
tions is increasing [11]. The first clinical manifestation of 
PUD is an acute abdomen in up to 50% of elderly patients 
[12]. Acute upper gastrointestinal (GI) bleeding related to 
PUD is more frequent in elderly patients [13, 14].

Physiopathology

In the early 1900s, Schwarz dictated: “no acid, no ulcer”; 
however, the advances in gastric physiology during the past 
40 years now establish that PUD results from multiple fac-
tors that either injure the mucosal barrier in the stomach and 
duodenum or increase the production of gastric acid. In the 
healthy gastric mucosa the mucous and bicarbonate form a 
hydrophobic preepithelial barrier that prevents backflow of 
H+ and maintains a neutral pH even if the intraluminal con-
centration of gastric acid is increased [5]. Mucosal injury 
occurs regularly but secondary components of the mucosal 
defense repair it. Elderly cells in the gastric mucosa are 
replaced continuously; the epithelium is renewed every 2–4 
days. The normal response after epithelium damage is migra-
tion of healthy cells from the gastric pits to denude areas of 
the basement membrane, increase in the release of mucous 
by damaged cells, and the release of plasma by the mucosal 
vessels. When mucous and plasma mix, they create a mucoid 
cap that protects the denuded area. Although the basement 
membrane is highly sensitive to gastric acid, the mucoid cap 
prevents further damage because it has a neutral pH. This 
response is dependent on mucosal blood flow. Sensory 
afferent nerve endings in the mucosa release calcitonin gene-
related peptide (CGRP) if the gastric mucosa gets exposed to 
gastric acid. CGRP vasodilates mucosal vessels. The increase 

in blood flow is mediated by nitric oxide. The enhanced 
blood flow buffers, dilutes, and removes gastric acid. PGs are 
crucial for this defense because they induce the release of 
mucous, bicarbonate, and phospholipids from the mucous 
cells. PGE2 and PGI2 also increase blood flow to the gastric 
mucosa [4]. True ulcers occur if the insult continues and 
extends into the muscularis propia.

Classification of Gastric Ulcers

Gastric ulcers are classified according to location and possi-
ble physiopathology in four types: Type I are gastric ulcers 
located in the lesser curvature; Type II are gastric ulcers 
associated with a history of previous or active duodenal 
ulcer; Type III are prepyloric ulcers; Type IV are ulcers 
located near the GE junction. While Type II and III are asso-
ciated with increased acid production, Type I and IV are 
associated either with malignancy or decreased mucosal 
defense [15].

Etiology

The main factors that predispose to PUD are as follows:

Helicobacter pylori

This microaerophilic gram-negative spiral bacterium colo-
nizes the preepithelial mucous layer of the stomach. It is one 
of the most common human chronic infections worldwide; 
humans are the only known reservoir for H. pylori. The trans-
mission is either fecal–oral or oral–oral. Prevalence is influ-
enced by socioeconomic status, ethnicity, and age. Around 
30–40% of the US population is infected with H. pylori (50% 
African Americans, 60% Mexican Americans, 26% in 
Caucasians) [16, 17]. Approximately 50% of the world’s pop-
ulation is infected; the frequency is higher in developing 
countries with poor sanitation and household hygiene, and 

Case Study  (continued)

she develops a new episode of hematemesis with 
hypotension and tachycardia.

	2.	 What treatment should be offered to this patient now?

	 (a)	 Repeat upper endoscopy
	 (b)	 Emergent laparotomy

The bleeding continues and the patient is taken to the OR.

	3.	 Where is the most common location of duodenal 
ulcers that require surgery?
The patient recovers successfully after surgery; how-
ever, she is concerned about continuing treatment 
with clopidogrel and ibuprofen.

	4.	 What is the medical treatment required by this patient?
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with low family income and educational level. The infection 
is acquired during childhood in developing countries. In high-
income countries, the rate of seroconversion is approximately 
0.5–1% per annum. In the USA, the prevalence increases with 
age: less than 10% before 30 years, 50% around 50 years, and 
up to 80% in patients older than 80 years [7, 11, 18]. H. pylori 
always produces inflammation (gastritis) but only 15% of the 
patients develop PUD [16]. H. pylori secretes urease, which 
produces ammonium, that favors gastric colonization with 
H. pylori and damages epithelial cells. H. pylori also produces 
proteases and phospholipases that affect the efficacy of the 
mucous-bicarbonate layer. H. pylori has a rich catalase activity 
that blocks the neutrophil response [19]. These bacteria also 
release toxins that generate a chronic inflammatory response 
which results in type B atrophic gastritis.

Why H. pylori induces duodenal inflammation is not fully 
understood. Some studies suggest that gastric metaplasia in 
the first portion of the duodenum facilitates H. pylori coloni-
zation and further inflammation. Other studies posit that 
antral H. pylori infection increases gastric acid secretion 
because the ammonia produced by H. pylori increases the 
pH to which G cells are exposed and because the population 
of the D cells decreases with H. pylori infection. Duodenal 
H. pylori infection decreases bicarbonate secretion in the 
duodenal cells [16, 19].

Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

At least 40% of the patients older than 65 years use NSAIDs. 
Between 1 and 8% of these patients will require a hospital-
ization to treat a NSAID-related complication. Duodenal and 
gastric ulcers develop in 5–8% and 15–20% of patients 
taking NSAIDs, respectively. Proton pump inhibitors (PPI) 
or misoprostol decrease the risk of PUD but only 10–20% of 
the patients receive prophylaxis [13]. The risk of NSAIDs’ 
toxicity increases with age; the risk of serious GI complica-
tions after 1 year of NSAIDs ingestion is 0.32% in patients 
older than 65 as compared to 0.039% in younger patients 
[20]. NSAIDs significantly decrease the production of 
mucous, bicarbonate, and phospholipids in the stomach and 
duodenum because these drugs inhibit the activity of COX-1 
and COX-2. The final result is a preepithelial barrier that 
cannot prevent H+ backflow.

NSAIDs also delay mucosal healing because they 
decrease PG synthesis, therefore the mucoid cap cannot be 
formed, and the increase in mucosal flow and mucosal 
regeneration cannot occur. COX-1 inhibition also releases 
endothelin-1, a potent vasoconstrictor, and for that reason 
blood flow to the mucosa decreases in patients with mucosal 
injury induced by NSAIDs [20]. NSAIDs also increase the 
expression of leukocyte adhesion molecules and neutrophil 

adherence. Neutrophils cause further damage because they 
release proteases and reactive oxygen metabolites [4].

The toxic effects of NSAIDs are mainly systemic but 
these drugs also induce topical cytotoxic injury in the gastric 
mucosa because they increase cellular permeability with dif-
fusion of the drugs to mucosal cells [4].

NSAIDs ingestion and H. pylori infection are indepen-
dent risk factors for PUD, but if both factors coexist the risk 
of PUD is synergistically increased [21]. This is particularly 
likely in elderly patients because both risk factors are more 
prevalent in older populations [11].

Zollinger–Ellison Syndrome

This syndrome is associated with neuroendocrine tumors 
that secrete excessive amounts of gastrin into the blood-
stream. Gastric acid greatly increases in these patients. 
Zollinger–Ellison syndrome (ZE syndrome) accounts for 
0.1–1% of all peptic ulcers. The diagnosis requires an ele-
vated gastrin (>500 pg/ml) in the presence of an acid gastric 
pH (pH < 5). In patients with nondiagnostic gastric elevations 
(>150 but less than 500 pg/ml) a rise of more than 120 pg/ml 
after the intravenous administration of secretin (0.2 mg/kg) is 
diagnostic. The tumor can be localized with CT, MRI, endo-
scopic ultrasound, selective arterial secretin stimulation test, 
and somatostatin receptor scintigraphy but surgical explora-
tion of the gastrinoma triangle with intraoperative ultrasound 
is the best method to localize the tumor. This entity is more 
common in young patients (mean age 41) but it should be 
considered in patients with atypical PUD localization (ulcers 
in the second, third, or fourth portion of the duodenum, jeju-
num), severe gastroesophageal reflux, diarrhea, PUD refrac-
tory to treatment and recurrent disease in patients without 
H. pylori infection or NSAID ingestion [22, 23].

Smoking

Smoking decreases wound-healing, increases the risk of 
H.  pylori infection and is an independent risk factor that 
predicts failure to antibiotic treatment [24].

Clinical Manifestations of Noncomplicated 
Peptic Ulcer Disease

The cardinal symptom is epigastric pain without any irradia-
tion. This pain is frequently described as “burning,” “gnaw-
ing,” or “hunger pain.” It is usually exacerbated with fasting 
and relieved with the ingestion of food or anti-acids. The 
presence of other symptom than pain such as weight loss, 
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anorexia, melena, hematemesis, constant pain or pain irradi-
ated to the back suggests complicated PUD. Differential 
diagnosis includes dyspepsia, upper GI malignancies, chole-
lithiasis, pancreatitis, and GERD.

Elderly patients always require an extensive workup 
because the risk of malignancy increases with age. The 
conservative approach recommended for young patients 
without complications is not recommended for elderly 
patients. The gold standard test to diagnose PUD is an 
upper endoscopy. Duodenal ulcers typically occur in the 
first portion of the duodenum; they are usually not associ-
ated with malignancy (risk less than 1%). The presence of 
multiple ulcers or ulcers located beyond the second portion 
of the duodenum suggests ZE syndrome. Gastric adenocar-
cinoma exists in up to 5% of the patients with gastric ulcers 
with gross benign appearance, therefore all gastric ulcers 
should be biopsied [15].

Medical Treatment for Noncomplicated  
Peptic Ulcer Disease

The mainstay of treatment is to inhibit gastric acid secretion. 
This can be achieved with proton pump inhibitors (PPIs) or 
with Histamine-2 receptor antagonists (H2RA). PPIs are irre-
versible inhibitors of the H+/K+-ATPase. They should be given 
before meals. The recommended therapy for duodenal ulcers 
is 4–6 weeks, the healing rate is between 80 and 100%, for 
gastric ulcers the recommended therapy is 8 weeks, and the 
healing rate is 70 and 85%. In case the ulcer is associated to 
hypergastrinemia or NSAIDs ingestion, the treatment should 
be continued. H2RA are reversible inhibitors of the H2 recep-
tor in the membrane of parietal cells. The healing rate is 
70–80% in duodenal ulcers and 55–65% in gastric ulcers. The 
duration of treatment is the same than PPIs [5]. An alternative 
in the treatment of PUD is sucralfate, this agent improves 
mucosal healing because it creates a protective barrier in the 
ulcer, stimulates bicarbonate, mucous, and growth factor 
release. Misoprostol is a PG analogue that improves ulcer 
healing; however, it is frequently associated to GI side effects 
such as diarrhea.

The presence of H. pylori infection is associated with a high 
recurrence rate; in duodenal ulcers the recurrence rate is 95% 
without H. pylori eradication compared to 12% for those 
patients who receive eradication treatment. The recurrence rate 
for gastric ulcers without H. pylori eradication is 74% vs. 13% 
after eradication [19]. The two most common techniques to 
diagnose H. pylori infection are urea breath test or detection in 
the biopsy; other tools are rapid urease testing, culture, poly-
merase chain reaction, antibody testing, and the fecal antigen 
test. Eradication treatment is always indicated in patients with 
PUD complicated or uncomplicated. The current regimens 

approved by the FDA for the eradication of H. pylori are in 
Table 61.1. The success rate is approximately 80% [16, 17].

Patients with gastric or duodenal ulcers associated with 
NSAIDs require replacement of the NSAIDs with narcotics 
or acetaminophen plus the administration of a PPI. 
Prophylaxis with misoprostol or PPIs is indicated in elderly 
patients that cannot stop NSAIDs. The incidence of ulcer-
ation decreases from 20 to 4.5% [4].

Clinical Manifestations of Complicated  
Peptic Ulcer Disease

The first clinical manifestation is a complication in 50–60% 
of elderly patients[20]. Elderly patients frequently have co-
morbidities that affect the mental status or pain perception 
(uncompensated diabetes, stroke, dementia) or they are 
receiving drugs that create or mask PUD (i.e., NSAIDs, nar-
cotics, steroids). The diagnosis is frequently challenging 
because the normal systemic inflammatory response (fever, 
leukocytosis) is often absent in elderly patients or is affected 
by drugs (steroids, beta blockers) [12, 14].

PPI, H2RA, and antibiotic therapy for H. pylori have 
decreased the number of elective surgical procedures required 
for PUD, but the incidence of complications such as perfora-
tion or bleeding has not changed significantly over time.

Perforation

The incidence of perforation in PUD has remained stable or 
slightly increased in elderly patients, especially women [25]. 
Between 2 and 10% of the patients with duodenal ulcers 
present as a perforated ulcer.

Elderly patients frequently present to the emergency room 
without any history of PUD. The diagnosis is suggested by 

Table 61.1  FDA approved regimens for Helicobacter pylori eradication*

Regimen Duration (days)

1.	 Omeprazole 20 mg b.i.d. + Clarithromycin 
500 mg b.i.d. + Amoxicillin 1 g b.i.d.

10

2.	 Lansoprazole 30 mg b.i.d. + Clarithromycin 
500 mg b.i.d. + Amoxicillin 1 g b.i.d.

10

3.	 Esomeprazole 40 mg q.d. + Clarithromycin 
500 mg b.i.d. + Amoxicillin 1 g b.i.d.

10

4.	 Rabeprazole 20 mg b.i.d. + Clarithromycin 
500 mg b.i.d. + Amoxicillin 1 g b.i.d.

  7

5.	 Bismuth 525 mg q.i.d. + Metronidazole 
250 mg q.i.d. + Tetracycline 500 mg q.i.d. + 
Histamine-2 Receptor Antagonists**

14

*The success rate is around 80%
**In this regimen the total duration of Histamine-2 receptor antagonists 
therapy is 4 weeks
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acute epigastric pain that rapidly becomes generalized. The 
patient is often diaphoretic and tachycardic; low grade fever 
can also occur. The presence of generalized tenderness, posi-
tive rebound, and abolished peristalsis is usually evident, but 
the physical examination in very old or immunocompro-
mised patients can be nonspecific. The diagnosis is con-
firmed with chest radiography because 70 and 80% of the 
patients have free subdiaphragmatic air. If the physical 
examination is nonconclusive or in the absence of free air the 
most useful test is a CT scan of the abdomen and pelvis; this 
study excludes other diagnosis and is highly sensitive to 
detect free intra-abdominal air.

Despite conservative treatment with antibiotics and IV 
fluids has been described in hemodynamically stable 
patients with contained perforations, elderly patients 
usually require surgical treatment. After the initial evalu-
ation, an aggressive IV fluid resuscitation is crucial. 
Elderly patients frequently have cardiovascular co-
morbidities that require measurement of central venous 
pressure (CVP) and urine output. Broad spectrum antibi-
otics should be started on diagnosis. The initial assess-
ment and medical therapy should not delay surgery. The 
most frequent surgical procedure for perforated ulcers is 
primary closure plus reinforcement with an omental patch. 
The treatment for perforated ulcers is summarized in 
Fig. 61.1.

Primary Closure Reinforced with Omental Patch

The patient is placed in supine position; under general 
anesthesia an endotracheal and nasogastric tube, and a 
Foley catheter are placed. Our preferred approach is a mid-
line supraumbilical incision because it provides easy access 
to the stomach and duodenum; in case a different pathology 
is found the incision can be easily extended. After an 
exploratory laparotomy has ruled out other diagnoses, the 
gastrocolic ligament is divided to enter the lesser sac. This 
maneuver allows a complete visualization of the anterior 
and posterior surfaces of the stomach. If the perforation is 
in the stomach, the margins of the perforation are debrided 
(Fig. 61.2). Ulcer biopsies must be sent for definitive diag-
nosis because gastric cancer can simulate perforated PUD. 
The defect is closed with a full-thickness single layer of 
interrupted 3-0 silk stitches (Fig. 61.3). The primary clo-
sure is reinforced with omentum (Omental patch) 
(Fig.  61.4). The tails of the sutures are used to hold the 
omental pedicle, avoiding ischemia while the sutures are 
tied (Fig. 61.5). It is important to avoid vascular injury to 
the omentum during dissection of the gastrocolic ligament. 
The abdominal cavity is copiously irrigated. The fascia is 
closed with a running suture. The subcutaneous tissue is 
also irrigated. The skin is usually not closed due to high 
risk of infection.

Initial treatment and evaluation
1.  Aggressive fluid resuscitation
2.  Supplemental oxygen
3.  Type and cross
4.  Broad spectrum antibiotics
5.  Use blood products as needed

Exploratory Laparotomy / Laparoscopy 

Hemodynamically unstable and/or
severe co-morbidities

No

1.  Primary closure + Graham patch
2.  Patients with high risk of recurrence, without peritonitis:
     Consider vagotomy + drainage procedure (pyloroplasty or 
     gastrojejunostomy)
3.  Recurrent ulcers: Vagotomy + Antrectomy

Primary closure + Graham patch

Yes

Duodenal / Gastric ulcer

Figure 61.1  Algorithm for the 
management of perforated peptic 
ulcers in elderly patients.
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Figure 61.2  Debridement of the ulcer margins.

Figure 61.3  Primary closure of a perforated ulcer.

Figure 61.4  Reinforcement of the primary closure using an omental 
patch.

Figure 61.5  Final view of the primary repair of a perforated ulcer with 
an omental patch.

For duodenal ulcers, after a complete exploratory lapa-
rotomy is done, the duodenum is mobilized anteriorally and 
medially (Kocher maneuver). This maneuver avoids exces-
sive tension on the primary closure. Both the anterior and 
posterior surfaces are carefully inspected. Routine biopsies 
are not required because the risk of malignancy in duodenal 
ulcers is very low; however, adequate debridement of the 
margins is required. The duodenal defect is closed follow-
ing the same principles for a gastric ulcer: interrupted full-
thickness sutures reinforced with an omental patch. 
Duodenal ulcers are associated with more inflammation 
and defects larger than gastric ulcers, so if the primary clo-
sure is not possible, a true omental patch (Graham patch) is 
used. In this repair the ulcer margins are not approximated, 
the orifice is only plugged with omentum sutured to the 
duodenal defect, avoiding ischemia in the omentum. The 
abdominal cavity is closed following the same principles 
described for gastric ulcers. Patients are usually extubated 
unless they have persistent hemodynamic instability and/or 
if the patient has any oxygenation problem. The nasogastric 
tube is kept to prevent gastric or duodenal distention and it 
is pulled out once the bowel function is normal. The integ-
rity of the repair is evaluated with an upper GI study done 
with hydrosoluble contrast.

Additional procedures that decrease gastric acid secre-
tion are not recommended because elderly patients fre-
quently present with shock and severe co-morbidities that 
require a rapid intervention to control the damage. Often, 
these patients have a delay in diagnosis and generalized 
peritonitis is found during the laparotomy, therefore further 
dissection of the hiatus increases the risk of other complica-
tions such as mediastinitis. It is important to consider also 
that PPIs and H. pylori eradication treatment decrease the 
risk of recurrence.
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The morbidity and mortality associated with perforated 
PUD are between 25–89% and 4–30%, respectively. Risk 
factors associated with increased morbidity and mortality are 
age, delay in diagnosis, high ASA score (III and IV), and 
shock during surgery. Age is crucial because patients older 
than 65 years have a mortality rate of 37.7% as compared 
with 1.4% in younger patients. A delay in diagnosis (>24 h) 
increases the mortality rate in elderly patients. The most 
common causes of mortality are myocardial infarct, arrhyth-
mias, septic shock, and pneumonia. Resection procedures 
(i.e., antrectomy) are also associated with more mortality 
than primary closure in these patients [26].

Bleeding

Bleeding is the most common complication of PUD, which 
in turn is the most common source of upper GI bleeding. It is 
seen in 15–20% of the patients [27, 28]. The frequency of 
acute upper GI bleeding has decreased in general but the pro-
portion of patients older than 60 years that bleed is increas-
ing; recent studies have published that 65 and 25% of the 
patients are older than 65 and 80 years old, respectively [13, 
14]. This trend is a result of increased life expectancy: older 
patients have more co-morbidities that predispose them to 
PUD (i.e., chronic renal failure, myeloproliferative disor-
ders, portal hypertension) or that require anticoagulation. 
Elderly patients ingest more NSAIDs either as analgesics or 
as a preventive measure for other disorders.

The most important risk factor to develop GI bleeding is 
NSAIDs ingestion. These drugs decrease the mucosal 
defense to gastric acid and inhibit platelet aggregation by 
decreasing thromboxane A2 production. The risk is dose 
dependent, but bleeding occurs also with low aspirin doses 
(75–325 mg/day) [29]. The risk of bleeding is considerably 
lower with COX-2 inhibitors as compared with nonselective 
NSAIDS, but COX-2 inhibitors can induce bleeding when 
they are combined with anticoagulants, aspirin, or any other 
NSAIDs [27]. The risk of bleeding significantly increases in 
patients taking anticoagulants, serotonin reuptake inhibitors, 
or drugs that prevent platelet aggregation [20]. H. pylori 
infection marginally increases the risk of bleeding; however, 
concomitant NSAIDs use and H. pylori infection signifi-
cantly increase the risk of bleeding [21].

The main symptom is melena and/or hematochezia. The 
main focus during the initial evaluation is to assess the hemo-
dynamic status. The presence of tachycardia, systolic blood 
pressure <100 mmHg, postural hypotension or altered men-
tal status suggests a significant blood loss so an aggressive 
fluid resuscitation should start immediately. The initial goals 
of resuscitation are to establish a secure airway if needed, to 
ensure proper breathing, and to administer IV fluids. Fluid 
resuscitation is challenging in elderly patients with preexis-
tent cardiac or renal failure; the placement of a central line 

and Foley catheter is particularly useful but should not delay 
further treatment. It is mandatory to obtain a complete blood 
count, glucose, blood urea nitrogen, creatinine, electrolytes, 
INR, type and cross-match in all patients. The use of blood 
products needs to be individualized for each patient; any his-
tory of coronary artery disease lowers the threshold for 
packed red blood cells. Plasma should be given to any patient 
with a coagulopathy associated with drugs or co-morbidities. 
Once the patient is hemodynamically stable, he or she should 
be thoroughly examined. In the absence of any other disease 
the physical examination of the abdomen is usually 
unremarkable.

Upper GI endoscopy is the gold standard for diagnosis 
and initial therapy because it indicates the source of the 
bleeding, rules out other diagnoses, and because bleeding 
can be stopped using hemoclips, sclerosing agents, epineph-
rine, thrombin or fibrin glue, or thermal contact with bipolar 
electrocoagulation, heater probe or argon plasma. Except for 
epinephrine, all these techniques can be used either to stop 
active bleeding or to prevent it in visible vessels. Epinephrine 
injection can partially control the bleeding before implemen-
tation of other techniques. Endoscopic therapy has a low 
complication rate (0.5%) [30]. The two most common com-
plications are perforation or induced bleeding.

Most duodenal ulcers that bleed are in the posterior wall 
of the first portion of the duodenum; the bleeding almost 
always arises from the gastroduodenal artery (GDA) [11]. 
The most common vessels that bleed in the stomach branch 
off the inferior branch of the left gastric artery in the lesser 
curvature [15].

Approximately 20% of the patients will rebleed after 
endoscopy. For these patients, a second endoscopy is indi-
cated because the success rate is high without significant 
morbidity; however, if bleeding persists, surgery is neces-
sary. The frequency of surgery depends on the endoscopist’s 
experience; the failure rate in high volume centers is less 
than 3%; however, most centers report a failure rate between 
5 and 10–20% [14, 15, 19].

Another indication for surgery is a persistent blood 
requirement, if more than 4 units are given during 24  h. 
Because elderly patients develop coagulopathy associated to 
active bleeding faster than younger patients and active bleed-
ing aggravates preexistent co-morbidities (myocardial 
infarct, renal failure, and stroke) faster than in younger 
patients, surgery needs to be considered in elderly patients 
before 4 units of blood are required.

Ulcer size is not considered a surgical indication but 
ulcers bigger than 2 cm are associated with greater risk of 
rebleeding. If an ulcer >2  cm presents with persistent 
hypotension, surgical treatment should be considered [14].

Adequate platelet aggregation and hemostasis require an 
intragastric pH > 6. Different studies have shown that high 
doses of PPI decrease the re-bleeding rate by 54% and the 
need for surgery by 41%. The recommended regimens are 
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pantoprazol 80 mg IV bolus followed by 8 mg/h for 3 days; 
pantoprazol 80  mg bolus followed by pantoprazol 40  mg 
every 12 h [31]. Figure 61.6 summarizes the diagnosis and 
treatment of bleeding ulcers.

Surgical Treatment of Bleeding Duodenal Ulcers

The anesthesia, positioning, and incision are the same as per-
forated ulcers. A full Kocher maneuver follows an explor-
atory laparotomy. Profuse bleeding in the first portion of the 
duodenum can be partially stopped by compressing the duo-
denal bulb. The pylorus is identified by the palpation of the 
concentric ring between the stomach and the duodenum, or 
by visual identification of the pyloric vein that crosses 

anterior to the pylorus (Mayo’s vein). Two 3-0 silk sutures 
are placed in the superior and inferior borders of the anterior 
surface of the pylorus. A 3-cm longitudinal gastrotomy per-
pendicular to the pylorus is followed by 3-cm extension 
toward the duodenum. The most common bleeding vessel is 
the GDA, which is located in the posterior duodenal wall 
(Fig. 61.7). Three stitches are placed to stop bleeding: two 
initial figure 8 stitches in the superior and inferior margin of 
the ulcer followed by a third figure 8 or U-stitch that controls 
the pancreatic branch of the GDA (Fig. 61.8). Each suture 
must be placed carefully to avoid injury to the common bile 
duct. Once vascular control is achieved, the duodenum and 
stomach are carefully inspected to rule out any other source 
of bleeding. The aperture is closed transversely. The internal 
layer is a full-thickness continuous closure with an absorbable 

Initial treatment and evaluation

Diagnostic & Therapeutic 
Endoscopy

Successful 

Non-recurrent
bleeding

MEDICAL TREATMENT
1.  Proton pump inhibitors
     - Duodenal ulcer 4-6 weeks
     - Gastric ulcer 8 weeks
2. Erradication H. pylori if indicated
(Table 1)
3. Discontinue NSAIDs
4. Discourage smoking

Consider second
endoscopy

Hemodynamically stable
without

severe co-morbidities

Yes

DU: Gastroduodenotomy; consider
vagotomy + antrectomy if previous
medical treatment for PUD or
recurrence after
GU: Vagotomy + Antrectomy

DU: Gastroduodenotomy
GU: Gastrotomy

No

Non-
successful

Recurrent
bleeding

Successful

Complement with medical treatment

1.  Volume resuscitation with IV crystalloids (use 2
     peripheral large-bore catheters)
2.  Supplemental oxygen
3.  Type and cross
4.  Obtain Complete blood count, glucose, creatinine, blood
     urea nitrogen, INR, PTT, electrolytes, liver function test.
     Upright chest X ray to rule out concomitant perforation.
5.  Pantoprazol 80 mgr bolus followed pantoprazol 8 mg/hr
     x 72 hrs
6.  Use blood products as needed

Surgical treatment

Figure 61.6  Algorithm for the 
management of acute peptic 
ulcer bleeding in elderly patients.
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3-0 suture reinforced by a second layer of interrupted 
seromuscular stitches using 3-0 silk (Lembert type) 
(Fig.  61.9). The closure can be reinforced with omentum, 
similar to a Graham patch.

Additional procedures that decrease acid secretion are 
controversial. The recurrence rate was high before predis-
posing risk factors to develop PUD were fully understood. 
Not all patients require anti-acid procedures; the surgeon has 

to consider additional interventions based on other factors. 
The most important factor is the patient’s hemodynamic con-
dition. In case of patients with severe co-morbidities or 
refractory shock the only aim of surgery is to stop the bleed-
ing. Additional factors to be considered are NSAIDs use, 
H. pylori infection, and previous surgical or medical treatment 
for PUD. Two randomized trials have shown that eradicating 
H. pylori decreases bleeding recurrence after 1 year of 
follow-up [32, 33]. In patients without history of PUD or 
H. pylori infection, we recommend only to control the bleed-
ing. In stable patients with previous medical or surgical PUD 
treatment or who require NSAIDs, a truncal vagotomy with 
or without antrectomy should be considered. These proce-
dures will be described in the treatment of bleeding gastric 
ulcers. The postoperative management is the same as 
described for the perforated ulcers.

Surgical Treatment of Bleeding Gastric Ulcers

Most gastric ulcers that bleed are type I. The anesthesia, 
patient’s position, and incision are similar to duodenal bleeding 
ulcers. Treatment depends on the hemodynamic status of the 
patient. For those with shock, a conservative approach that only 
aims to control bleeding is recommended. Through an anterior 
gastrotomy, the ulcer is biopsied and oversown with figure 
8 stitches. The gastrotomy is closed in two layers using the same 
technique described for closing bleeding duodenal ulcers.

Stable patients are treated with truncal vagotomy plus an 
antrectomy. The gastrocolic ligament is divided to enter the 

Figure 61.7  Bleeding ulcer in the posterior wall of the first portion of 
the duodenum.

Figure 61.8  Haemostasis of the GDA using 3-0 silk stitches.

Figure 61.9  Primary closure of the duodenotomy.
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lesser sac; this dissection begins in the middle point between 
the pylorus and the cardia and continued distally to the pylo-
rus where the right gastroepiploic vessels are transected. 
Adhesions between the posterior gastric wall and the pan-
creas are divided. The gastrohepatic ligament is divided in 
order to control the inferior branch of the left gastric artery. 
The proximal and distal margins of this dissection are the 
incisura angularis and the beginning of the first portion of the 
duodenum, respectively. The stomach is divided proximally 
with a gastrointestinal anastomosis (GIA) stapler. The first 
portion of the duodenum is divided immediately after the 
pylorus with a transverse anastomosis (TA) stapler. The 
integrity can be restored with a Billroth I, Billroth II, or a 
Roux en Y gastrojejunostomy.

The first option to reconstruct is a gastroduodenostomy, 
or Billroth I, which requires a complete Kocher maneuver to 
avoid tension in the anastomosis. The duodenum is mobi-
lized close to the gastric remnant. The anastomosis is done in 
two layers. The internal layer is a continuous full-thickness 
layer using a 3-0 absorbable suture reinforced by a second 
layer of interrupted seromuscular sutures with 3-0 silk 
(Lembert type). This anastomosis is considered the most 
physiological reconstruction as the normal transit of the 
stomach goes to the duodenum; however, alkaline gastritis 
can occur. Previous scarring can limit the Kocher maneuver 
and the anastomosis cannot be done without tension.

The second reconstruction is a Billroth II procedure or 
gastrojejunostomy, which is preferred in cases with exces-
sive scarring that, prevents duodenal mobilization. This 
side-to-side anastomosis is created between the posterior 
gastric wall and the anti-mesenteric border of a jejunal limb 
(10–20 cm distal to Treitz ligament). The jejunum is brought 
close to the stomach, anterior or posterior to the transverse 
colon (antecolic or retrocolic, respectively). There is no 
functional difference in benign diseases. The anastomosis is 
done with a stapler or manually using the Hofmeister tech-
nique. The anastomosis is stapled through a small gastro-
tomy and enterostomy. The stapler is introduced through 
these defects, and the anastomosis is created. Both orifices 
are closed manually with a continuous full-thickness layer 
reinforced by an interrupted seromuscular layer. The mesen-
teric defect in the mesocolon is closed with interrupted 3-0 
silk stitches in order to avoid internal hernias. The two most 
common options to restore are Billroth I or II, but both anas-
tomoses predispose patients to alkaline gastritis or reflux; 
therefore, some surgeons recommend a reconstruction using 
a Roux en Y gastrojejunostomy for benign conditions.

A truncal vagotomy follows the anastomosis. This step 
requires mobilization of 4–5 cm of the intra-abdominal esopha-
gus. The initial step is liver mobilization; the falciform ligament 
is followed posteriorly until the left triangular ligament can be 
identified and sectioned. Right traction of segments II and III of 
the liver allows direct visualization of the cardia. The proximal 

gastrohepatic ligament is divided, and dissection is continued 
proximally until the phreno-esophageal membrane is identified 
and sectioned; this allows the right wall of the esophagus to be 
visualized. The division continues proximally 4–5  cm; the 
peritoneum is then transected transversally and continued 
through the left border of the esophagus which has to be mobi-
lized also 4–5 cm. This dissection is done carefully to avoid any 
splenic injury or bleeding from the short gastric vessels. The 
placement of a Penrose drain around the esophagus facilitates 
exposure. The left vagus nerve is easily identified if the esopha-
gus is retracted posteriorly and inferiorly. At least 2 cm of nerve 
are clipped and divided. The right vagus, in the posterior wall, is 
located if the esophagus is retracted inferiorly and to the left. At 
least 2  cm are divided. Both nerves are sent to pathology to 
confirm the vagotomy. Once the dissection is completed the 
abdomen is closed using a standard technique. Postoperative 
management is similar to duodenal bleeding ulcers.

Outcome

This complication has a mortality rate that ranges between 
10 and 35% in patients older than 60 years as compared with 
10% in younger patients. Bleeding is the most common com-
plication that causes death in PUD. Risk factors that predict 
high mortality are increased age, severe co-morbidities asso-
ciated, re-bleeding, or patients that present with hypotension, 
shock, or in-hospital bleeding [11, 13, 15].

Gastric Outlet Obstruction

Gastric outlet obstruction (GOO) is the final result of chronic 
edema, scarring, and fibrosis of the distal stomach or duode-
num. The area proximal to the stenosis is chronically dilated; 
gastric dilation induces gastrin release, which is further aggra-
vating because it increases gastric acid production. The inci-
dence of GOO has declined with the advances in the medical 
therapy for PUD. GOO accounts for less than 5–8% of all 
PUD complications. The typical symptoms are early satiety, 
nausea, vomit of undigested food, heartburn, and weight loss.

The most common GOO etiology is malignancy (60–80%), 
therefore multiple biopsies from the stenosis need to be taken 
[34]. Only 5–8% of patients with GOO have PUD [28]. Other 
diagnoses to consider are external duodenal or gastric com-
pression (i.e. pancreatic pseudocysts, tumors), GOO caused 
by a large gallstone (Bouveret syndrome), bezoars, and gas-
troparesis. The initial evaluation relies on an upper endoscopy 
with multiple biopsies plus a hydrosoluble-contrast upper 
GI series ; however, if external compression is suspected, a 
CT scan is required.

The initial treatment is conservative and uses an NG tube to 
decompress the stomach, IV infusion of PPIs, and corrects any 
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electrolyte or acid–base disorder. Prokinetics are contraindi-
cated. If H. pylori infection is proven, antibiotic therapy is 
indicated because some studies report that symptoms improve 
after H. pylori eradication [34]. Nutritional status is crucial; a 
liquid diet should be attempted unless the patient cannot toler-
ate ingestion. Severe GOO requires total parenteral nutrition. 
Medical treatment improves GOO obstruction in 50% of the 
patients [35]. Endoscopic therapy with endoscopic balloons 
increases the success rate up to 70% [36, 37]. Serial dilations 
can be attempted in patients with recurrent stenosis, but the 
failure rate is proportional to the number of dilations attempted. 
The most common complication is perforation. Although our 
experience with endoscopic stenting for malignancies is 
increasing, current data on benign disease is limited [38].

Elderly patients benefit from conservative therapy because 
they have multiple co-morbidities; however, in refractory 
cases a truncal vagotomy plus antrectomy may be necessary. 
Chronic gastric obstruction dilates the stomach with subse-
quent accumulation of food and secretions; this condition 
predisposes patients to aspiration pneumonia, and wound 
infection due to bacterial overgrowth, so decompressing 
stomach with an NG tube is indicated before surgery. The 
technique for truncal vagotomy plus antrectomy is the same 
as described previously. Prolonged gastric dilation increases 
the risk of delayed gastric emptying which can be aggravated 
by narcotics or co-morbidities such as Parkinson disease or 
diabetes. These patients benefit from an intraoperative gas-
trostomy to decompress the stomach or a feeding jejunos-
tomy to avoid the risk of TPN.

Duodenal dissection can be difficult in patients with 
chronic scarring; in these patients we recommend a truncal 
vagotomy plus a Hofmeister type gastrojejunostomy. The 
risk of fistula rate from the duodenal stump is also increased 
in these patients, so duodenal decompression through a lat-
eral duodenostomy in the second portion of the duodenum 
decreases the risk in elderly patients.

Gastric Polyps

Gastric polyps are nodules of tissue, either sessile or peduncu-
lated, that protrude into the gastric lumen [39]. Gastric polyps 
are seen in 0.5–2% of all endoscopies; most of them are asymp-
tomatic but occasionally gastric polyps can grow, erode, and 
bleed. Large polyps can produce GOO [40–42]. Several types 
of gastric polyps can be found but the three most common in 
elderly patients are hyperplastic polyps, fundic gland polyps, 
and adenomatous polyps. Uncommon type of polyps include 
inflammatory fibroid polyps, xanthomas, Peutz-Jegher type 
hamartomatous polyps, juvenile polyps, gastric polyps associ-
ated with Cowden disease, and finally gastric polyps associated 
with Cronkhite–Canada Syndrome [43].

Hyperplastic Polyps

Hyperplastic polyps are the most common variety found dur-
ing endoscopies [41–43]. The incidence increases with age 
(mean age of diagnosis is 64–75 years) and they are more 
prevalent in women. Hyperplastic polyps are usually asymp-
tomatic but are associated with other gastric diseases such as 
H. pylori infection, autoimmune gastritis, ZE syndrome, antral 
vascular ectasia, gastric amyloidosis, or cytomegalovirus gas-
tritis [43]. Gastrin plasma levels are higher than controls [39]. 
The most common location is the antrum followed by the fun-
dus and body. The mean size is 1 cm, although larger hyper-
plastic polyps have been reported. The diagnosis is usually 
incidental and, while an upper endoscopy is being done for 
another reason. These polyps are usually sessile. The typical 
histological findings show elongated, dilated, tortuous foveo-
lae lined by mucin-containing epithelium and edema of the 
lamina propia [42]. The natural history is variable. H pylori 
eradication is associated with regression [40]. Most hyper-
plastic polyps are benign and asymptomatic, though a routine 
biopsy is recommended because the final histology reports 
dysplasia or carcinoma in 1.5–4% of the patients. This risk of 
malignancy is higher in polyps larger than 2 cm [42, 43].

Fundic Gland Polyps

These polyps are the second most common type of benign 
gastric polyps. They can be found sporadically or associated 
with familiar adenomatous polyposis at any age. The most 
common location is in the fundus. Gastrin values are usually 
normal and are not strongly associated to H. pylori infection 
[39, 41]. Histology reveals cystic dilated glands lined by 
parietal and chief cells [42]. These polyps can regress spon-
taneously; routine follow-up is not required because they are 
not premalignant [39].

Adenomatous Polyps

The incidence of these polyps increases with age. They are 
associated with atrophic gastritis and are more prevalent in 
countries with high incidence of gastric cancer [42]. The 
median age of diagnosis is 67 years [40]. The most com-
mon location is the antrum, and gastrin levels do not differ 
from controls. The risk of malignancy is higher in ade-
nomatous polyps than any other gastric polyp, especially if 
the size is greater than 2 cm (40–50% risk of malignancy) 
[41]. H. pylori eradication does not cause regression. 
Routine excision is recommended because they may be 
malignant [40].
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Dieulafoy Lesion/Malformation

Dieulafoy lesion is an abnormal submucosal artery associated 
with a minute mucosal defect frequently associated with 
bleeding. It causes between 1 and 5.8% of acute nonvariceal 
upper GI bleeding. The most common location is the stomach 
followed by the first portion of the duodenum but they can 
occur throughout GI tract or in the bronchial tree. The most 
common location in the stomach is the fundus and body [44]. 
The histology reveals a submucosal artery that does not undergo 
the usual ramification within the wall of the stomach or failure 
to diminish to the minute size of the mucosal capillary vascu-
lature without any inflammation or defect in the mucosa [45]. 
It is more common in men. The mean age of diagnosis is 63 
years, so they are frequently associated with co-morbidities. 
Most patients develop melena and hematemesis associated 
with hemodynamic stability. The treatment follows the same 
principles described previously for bleeding peptic ulcers; the 
initial goal is hemodynamic stabilization followed by an upper 
endoscopy. The same endoscopic techniques described for 
PUD are used to stop bleeding. The success rate is >90% [46]. 
In patients who do not respond to endoscopic therapy, local 
wedge resection of the lesion is indicated.

Gastroparesis

Gastroparesis indicates impaired transit of intraluminal con-
tent from the stomach to the duodenum without a mechanical 
obstruction [47]. It affects 4% of the population.

Etiology

The most common causes of gastroparesis are diabetes, idio-
pathic, and surgery; however, the most common etiologies in 
the elderly patient are as follows:

	1.	 Diabetes.  Gastroparesis is present in 30% of the patients 
with type 2 diabetes [48]. Different theories explain this 
effect. Since gastroparesis is seen in patients with other 
manifestations of autonomic neuropathy, it is believed 
that autonomic neuropathy contributes to the develop-
ment of gastroparesis. Diabetes decreases the number of 
interstitial Cajal cells, induces smooth muscle fibrosis and 
decreases the neurons present in Auerbach’s plexus. 
Hyperglycemia decreases gastric emptying [48]. Diabetes 
is the most common cause of gastroparesis in elderly 
patients because diabetes is one of the most common co-
morbidities seen in this population.

	2.	 Upper GI surgery.  Any surgery that involves the distal 
esophagus, stomach, or duodenum can be complicated by 

delayed gastric emptying. Unfortunately upper GI malig-
nancies that require surgery are more common in older 
patients. This complication is also seen in benign dis-
eases; gastroparesis may occur after any surgery for PUD 
or anti-reflux procedures.

	3.	 Neurological diseases.  Parkinson disease and cerebro-
vascular accidents are associated with gastroparesis. 
Parkinson disease is present in 7% of patients with gastro-
paresis [48].

	4.	 Drugs.  Elderly patients often require drugs that delay gastric 
emptying such as calcium channel antagonists, l-dopa, opi-
ates, tricyclic antidepressants, and aluminum antacids [47].

	5.	 Other co-morbidities.  Renal insufficiency, hypothyroid-
ism, previous abdominal irradiation, cirrhosis, chronic 
pancreatitis, and paraneoplastic syndromes can produce 
gastroparesis.

Clinical Manifestation

The most common symptoms are nausea, vomiting, bloating, 
early satiety, epigastric pain, and belching. Although in 
severe gastroparesis the previous symptoms present with 
liquid meals, they are more frequent with solid meals. The 
physical examination usually shows abdominal distention, 
mild pain, and tympanic percussion in epigastrium, but in 
severe cases dehydration is evidenced by tachycardia, 
orthostatic hypotension, poor skin turgor, and dry mucous 
membranes. Succussion splash is also present in severe 
cases.

Gastroparesis should be suspected in any patient with 
predisposing conditions associated with the symptoms 
previously described. An extensive workup can rule out 
cancer, dyspepsia, GOO secondary to PUD, pancreatitis, 
GERD, cyclic vomiting syndrome, chronic pancreatitis, 
superior mesenteric, and rumination syndrome. An upper GI 
radiographic study with contrast plus an upper endoscopy 
are frequently required to rule out any anatomical obstruc-
tion. Retained food in the stomach (with proper fasting) 
without anatomical obstruction increases the probability of 
gastroparesis. The gold standard for diagnosis is gastric emp-
tying scintigraphy. In this test the patient receives a solid 
meal (typically scrambled eggs) mixed with 99Technitium 
sulfur colloid. Gastric emptying is measured after 2, 3, and 
4 h. The diagnosis is confirmed if more than 60 or 10% of the 
meal is retained after 2 and 4 h, respectively [49]. Other use-
ful diagnostic tools are 13C-labeled octanoate breath test, 
abdominal ultrasound evaluating gastric emptying of liquid 
meals, magnetic resonance imaging, single-photon emission 
CT, radiopaque markers, swallowed capsule telemetry, 
antroduodenal manometry, and electrogastrography. These 
techniques are available in specialized centers [50].
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Treatment

The initial goal of therapy is to correct any preexisting dehy-
dration or electrolyte disorders. The medical treatment has 
different components: dietary recommendations, control of 
predisposing conditions, and drug therapy.

In elderly patients, predisposing conditions are irrevers-
ible or difficult to treat. However, good metabolic control 
and replacement of any drug that delays gastric emptying is 
required. Meals rich in fiber or fat should be avoided 
because they delay gastric emptying; carbonated beverages 
should also be avoided. Frequent small meals are better tol-
erated than larger meals [48]. Prokinetic drugs improve 
gastric emptying. In the USA only two prokinetic agents, 
erythromycin and metoclopramide, are FDA approved for 
gastroparesis. Different studies have shown that erythro-
mycin is the most potent agent because it activates motilin 
receptors and increases both antral peristalsis and gastric 
emptying. Metoclopramide is a benzamide that increases 
the contraction in the esophagus, fundus, and antrum; it 
also elevates the lower esophageal sphincter pressure and 
improves antral–pylorus–duodenal coordination. It is also 
helpful to control vomit [51]. Nausea and vomit are present 
in 92 and 84% of the patients, respectively, therefore anti-
emetics are also indicated. The most useful agents are phe-
nothiazines (prochlorperazine and tiethyperazine). 
Serotonin 5-HT3 receptor antagonists may be helpful 
because they do not affect gastric emptying. Muscarinic 
M1 receptors antagonists and H2RA are not recommended 
because they inhibit gastric emptying [48]. Tricyclic anti-
depressants have anticholinergic activity, therefore they 
decrease gastric emptying; however, low doses can improve 
nausea and vomit. There are no prospective studies evaluat-
ing this effect [50].

The role of surgery in gastroparesis is limited to patients 
with severe gastroparesis that require multiple hospitaliza-
tions plus enteral or parenteral nutrition and those patients 
who fail medical treatment. Surgery relies on the placement 
of gastric stimulation devices that alter the gastric myoen-
teric neural network and interrupt gastric arrhythmias [52]. 
Through laparoscopy or open approach, two electrodes are 
placed 1 cm apart in the muscularis propia along the greater 
curvature 10 cm proximal to the pylorus. The electrodes are 
connected to a neurostimulator located in a subcutaneous 
pocket in the left flank [52]. This device has only been 
implanted in patients with severe gastroparesis. A recent 
study showed that gastric electrical stimulation produces a 
good outcome in 70% of the patients, most of whom are able 
to tolerate oral diets after surgery and have a significant 
increase in the body mass index [52].

For patients with refractory symptoms placement of a 
palliative gastrostomy or feeding jejunostomy should be 
considered.

Complications After Gastric Surgery

It is not uncommon for elderly patients to develop complica-
tions after gastric surgery. Each region has a particular 
response to food ingestion, which are mediated by the vagus 
nerve. The proximal stomach (fundus) is the main reservoir 
for liquids; and shortly after liquid ingestion there is a decrease 
in the tone in the fundus which allows liquid storage. Antral 
motility is increased by the ingestion of solid meals, it tritu-
rates large particles; only 1–2 mm particle pass through the 
duodenum. The pylorus controls the transit of food particles 
to the duodenum and limits alkaline reflux. Any surgery that 
involves the intra-abdominal esophagus, stomach, and duode-
num can affect the motor functions of the stomach. The most 
common postgastrectomy syndromes are as follows:

Dumping Syndrome

It can present after any vagotomy, drainage procedure, or 
gastric resection. Between 25 and 50% of the patients have 
some manifestations related to dumping syndrome. In 
approximately 5–10% of the patients these symptoms are 
significant and in 1–5% of the patients produce disability. 
After vagal denervation, the stomach loses the relaxation and 
accommodation reflexes; therefore, it cannot function as a 
reservoir. In case a drainage procedure is added, gastric emp-
tying cannot be controlled because the size of the particles is 
no longer regulated. In healthy persons, the presence of food 
in the duodenum exerts a negative feedback in gastric empty-
ing, this loop is lost after drainage procedures such as a 
Billroth II. Dumping syndrome can be divided into early and 
late dumping syndrome.

Early dumping syndrome presents 10–30 min after food 
ingestion, the rapid emptying of hyperosmolar meals into the 
duodenum or jejunum induces water diffusion from the intra-
vascular space to the intraluminal space and the release of 
serotonin, pancreatic polypeptide, enteroglucagon, peptide 
YY, glucagon like peptide, vasoactive inhibitory peptide, 
neurotensin, and epinephrine. These substances induce dia-
phoresis, weakness, dizziness, flushing, palpitations, full-
ness, crampy abdominal pain, nausea, vomit, and diarrhea.

Late dumping is seen after 2–4  h after the ingestion of 
food. The rapid increase of carbohydrate concentration in the 
intestinal lumen induces a rapid absorption of carbohydrates 
with hyperinsulinism which creates reactive hypoglycemia. 
The clinical difference is that patients present only with 
vasomotor symptoms and no GI symptoms [53].

The diagnosis is suspected in patients with a previous 
gastric surgery, it can be confirmed with a glucose oral chal-
lenge test, with a hydrogen breath test after glucose inges-
tion or with gastric emptying scintigraphy. Late dumping 
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syndrome is diagnosed measuring the concentration of 
glucose 60–180 min after the ingestion of food [54].

The mainstay of treatment are diet modifications, liquids 
should be ingested 30 min after the ingestion of solids, simple 
carbohydrates should be avoided, supplemental fiber is 
recommended, because it decreases gastric emptying. In case 
symptoms are persistent, octreotide or acarbose can help to 
control the symptoms. At least 1 year of medical treatment is 
recommended before surgery is considered. The best surgi-
cal therapy is to convert the previous procedure to a Roux en 
Y gastrojejunostomy, because this procedure decreases gas-
tric emptying [54].

Postvagotomy Diarrhea

It is seen after vagotomy. The physiopathology is unclear, 
some theories that can explain this complication are denerva-
tion of the small intestine, gallbladder, and common bile 
duct; another theory is rapid gastric emptying associated 
with rapid intestinal transit that leads to malabsorption. The 
diagnosis should be suspected in every patient with the ante-
cedent of gastrectomy and a negative workup that rules out 
other causes of diarrhea. The initial treatment is dietary mod-
ification (avoid lactose, decrease liquid ingestion before 
meals), use of anti-diarrheal agents (loperamide). For refrac-
tory untreatable diarrhea the anti-peristaltic interposition of a 
jejunal limb after 100 cm of the gastrojejunostomy is a pos-
sible treatment [55].

Gastroparesis or Delayed Gastric Emptying

Gastric surgery is responsible approximately of 10% of all 
gastroparesis cases [47]. This complication was described 
previously.

Afferent Loop Syndrome

It is the result of an obstructed afferent limb secondary to 
stomal edema, anastomosis, kinking, scarring, stricture, 
adhesions, internal hernias, or cancer. It can occur acutely 1 
or 2 weeks after surgery or chronically. It occurs in 0.3% of 
the patients that had a Billroth II. The manifestations are 
abdominal pain most of the time in the right upper quadrant, 
nausea, nonbilious vomit; however, if the limb is partially 
obstructed the abdominal pain is relieved after vomit. In 
severe cases the chronic obstruction can result in jaundice or 
pancreatitis. The diagnosis is confirmed with an endoscopy 
that demonstrates the obstruction. The initial treatment can 

be endoscopic using balloon dilation, but if it persists the 
gastrojejunostomy should be converted to a Roux en Y gastroje
junostomy. A second option is a Braun entero-enterostomy 
between the afferent and the efferent limb [56].

Efferent Syndrome

It results when the efferent limb of a gastrojejunostomy is 
obstructed. It can also be acute or chronic and it is manifested 
as abdominal pain, epigastric distention, and bilious vomit. 
The diagnosis can be done with an upper GI endoscopy or an 
upper GI transit study that show the obstruction. Possible 
etiologies are limb kinking, retroanastomotic herniation of 
the efferent limb or adhesions. The treatment is surgical, 
either converting a Billroth II procedure into a Roux en Y 
gastrojejunostomy or revising the initial anastomosis [55].

Duodenal Stump Leak

It presents in patients that have undergone an antrectomy. It is 
the dehiscence of the initial duodenal closure, and it is com-
mon when there is previous inflammation and scarring in this 
area but can also be a consequence of an incomplete duodenal 
mobilization or distal obstruction. It can be avoided with a 
Kocher maneuver to ensure that the closure is tension free; 
however, if the area has important fibrosis or acute inflamma-
tion, a lateral duodenostomy in the second portion of the 
duodenum help to create a controlled duodenal fistula.

Alkaline Gastritis

After a Billroth II, Billroth I, or pyloroplasty, 5–15% of the 
patients develop gastritis associated with bilious reflux. 
Patients complain of epigastric pain, nausea, and bilious 
vomit. The diagnosis is done with an endoscopy that shows 
gastric inflammation in the presence of bile. For patients 
with severe symptoms the previous anastomosis can be con-
verted to a Roux en Y gastrojejunostomy.

Summary

The major risks factors to develop PUD in elderly patients −−
are H. pylori infection and NSAIDs ingestion.
50–60% of elderly patients will have an acute complica-−−
tion (bleeding or perforation) as the first clinical manifes-
tation of PUD.
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−− H. pylori eradication decreases the risk of recurrence of 
PUD complications.
The outcome associated with PUD complications in −−
elderly patients is worse than young patients.
Hyperplastic polyps are the most common type of polyps −−
found in the stomach of elderly patients.
Adenomatous gastric polyps have increased risk of −−
malignancy.
Diabetes is the most common etiology of gastroparesis in −−
elderly patients.
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In recent decades, improved socioeconomic conditions, 
medical progress, and preventive medicine have lengthened 
life expectancy in our society and consequently increased the 
elderly population. Despite an overall drop in the incidence 
of gastric cancer in the Western world, increased life expec-
tancy has resulted in a growing proportion of elderly patients 
with gastric cancer. Today, more than 30% of patients with 
gastric cancer are older than 70 years. Although some char-
acteristics of this disease are similar in younger and older 
patients, management of gastric cancer in the elderly exhib-
its some significant differences and presents unique chal-
lenges compared to management in younger patients. In this 
chapter, we will explore some of the unique epidemiological 
and pathological features of this disease in the elderly. 
Furthermore, we will try to elucidate the ideal surgical treat-
ment strategies and the role of multimodality management in 
this challenging group of patients.

Gastric Cancer in the Elderly:  
Epidemiological and Pathological 
Considerations

Worldwide, gastric cancer is the second most common cause 
of cancer-related death with over 700,000 deaths annually. 
In the USA, over 21,500 new cases of gastric cancer were 
estimated to occur in 2008 [2]. Advancing age is a risk factor 
for the development of gastric cancer. The incidence of gas-
tric cancer increases linearly with advancing age. In the 
USA the age-adjusted risk of developing gastric cancer for 
an individual between the ages of 40 and 49 is 3.6 per 
100,000. The incidence increases to 20.9 per 100,000 for 

people between the ages of 60 and 69 and to over 50 cases 
per 100,000 population above the age of 80 (Fig.  62.1). 
Similarly, the mortality rate for gastric cancer increases with 
age and is similar to the incidence rate (Fig. 62.2) [1]. This 
is likely due to the fact that most patients with gastric cancer 
in the USA present at an advanced stage. The majority of 
patients with gastric adenocarcinoma will present with 
either regional (30%) or distant (35%) disease [2].

The overall incidence of gastric cancer has been decreas-
ing over the past 30 years. This decrease in the incident rate 
is age related. There has been a greater than 40% decline in 
the incidence of gastric cancer in Americans aged 65 and 
older compared to only a 7% decrease in the incidence of 
gastric cancer in patients younger than 65 (Fig.  62.3) [3]. 
The age-related decline in gastric cancer incidence may be 
due to an increase in the incidence of proximal gastric cancer 
compared to distal gastric cancer [4]. Proximal gastric can-
cer appears to occur more frequently in younger individuals. 
The mean age of patients diagnosed with proximal gastric 
cancer is 67.7 years compared to a mean age of 71.5 years 
for patients with distal gastric cancer. Additionally, more 
than 60% of patients with distal gastric cancer are aged 
70 years or while only 49.5% of patients with proximal gas-
tric cancer are in this age group [5].

The characteristic pathological features of gastric carci-
noma in elderly people are somewhat different than in 
younger patients [6, 7]. Gastric cancer in the elderly tends to 
involve the lower third of the stomach and shows a higher 
incidence of histopathologically well-differentiated adeno-
carcinoma. Multiple and metastatic cancers are more com-
mon in aged people. In a comprehensive analysis of 994 
surgical patients aged 65 years or older, Arai et al. studied 
the pathologic characteristics of gastric cancer in the elderly 
[8]. Pathological findings in the very old group (older 
than  85  years; n = 126) were compared with those in 
younger  groups (65–74  years [young-old group]; n = 356) 
and (75–84  years [middle-old group]; n = 512). While the 
male-to-female ratio significantly decreased with advancing 
age, the relative odds of gastric cancer in men was higher 
than that in women across all age groups. In the very old 
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group, cancer of the lower third of the stomach tended to 
increase with advancing age, and accounted for 43.7% of 
cases. In the overall population, differentiated-type adeno-
carcinoma accounted for 89.6% in the early cancers and 
50.3% in the advanced cancers. The proportion of cases 
involving differentiated-type carcinoma significantly 
increased with advancing age in early cancer and female 
advanced cancer cases, whereas no significant change was 
found in male advanced-cancer patients. In the very old 
group, lymph node metastasis was found in 5.4% of early 
cancers and 72.7% in advanced cancers. The incidence of 
multiple cancers significantly increased with advancing age 
(P < 0.05; 10.7% in the younger-old group, 12.7% in the 
middle-old group, and 19.0% in the very old group).

Chronic infection with Helicobacter pylori is a risk 
factor for distal but not proximal gastric cancer. Proximal 
gastric cancer has been associated with alcohol use, gastroe-
sophageal reflux disease, and obesity [9]. Epidemiological 

and clinical studies indicate that H. pylori infection is asso-
ciated with a greater risk of distal gastric cancer. The 
International Agency for Research on Cancer and The 
World Health Organization have characterized H. pylori as 
a group I carcinogen. It has been postulated that H. pylori 
infection contributes to gastric cancer, through a sequence 
of events:  infection → acute gastritis → chronic superficial 
gastritis → atrophic gastritis → atrophy → intestinal metapla-
sia → dysplasia → adenocarcinoma [10]. The seropreva-
lance of H. pylori increases with age. Whereas only 16.7% 
of individuals aged 20–29 have clinical evidence of H. 
pylori infection, greater than 56% of individuals above age 
70 are infected. The association of H. pylori infection with 
age likely explains the increased incidence of distal gastric 
cancer seen in the elderly population. Furthermore, the 

Figure  62.1  Age-adjusted incidence of stomach cancer per 100,000 
population, United States Cancer Statistics 2001–2005 [1].

Figure 62.2  Age-adjusted mortality from stomach cancer per 100,000 
population, United States Cancer Statistics 2001–2005 [1].

Figure 62.3  Gastric cancer age-adjusted SEER incidence rates by age 
at diagnosis/death. Stomach, all races, male, 1975–2005 (SEER 9). 
Cancer sites include invasive causes only unless otherwise noted. 
Incidence source SEER 9 areas (San Francisco, Connecticut, Detroit, 
Hawaii, New Mexico, Seattle, Utah, and Atlanta). Rates are per 100,000 
and age-adjusted to the 2000 US Std population (19 age groups – 
Census P25-1130). Regression lines are calculated using the Joinpoint 
Regression Line Program Version 3.3, April 2008, National cancer 
Institute.
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declining incidence of gastric cancer in the elderly is likely 
a result of the declining prevalence of H. pylori infection in 
the USA.

Surgical Therapy for Gastric Cancer  
in the Elderly (Table 62.1)

Age Alone is not a Contraindication  
for Gastrectomy

A German study from Gretschel et al. investigated the value 
of individual risk-adapted therapy in geriatric patients [11]. 
They performed a consecutive analysis of 363 patients 
undergoing potentially curative surgery for gastric cancer. 
All patients underwent extensive preoperative workup to 
assess surgical risk. Comorbidities, tumor characteristics, 
type of resection, postoperative morbidity and mortality, 
recurrence rate, overall survival, and disease-free survival 
were evaluated in three age groups: <60 years, 60–75 years, 

and >75  years. Not surprisingly, investigators found that 
there was an increased rate of comorbidities in the higher age 
groups (51% vs. 76% vs. 83%; P < 0.05). Cardiovascular and 
pulmonary diseases were the most common comorbid 
conditions. With advancing age there was a decrease in the 
rate of both total gastrectomy (74, 54, 46%; P < 0.05) and D2 
lymphadenectomy (78,  53, 31%; P < 0.05). The 30-day 
mortality in the three age groups was 0, 1, and 8%, respectively 
(P < 0.05). There was only a slight difference in tumor recur-
rence rate (35, 37, and 27%; P = 0.437), with no significant 
difference in 5-year cancer-related survival (61, 53, 61%; 
P = 0.199). The authors concluded that patient selection and 
risk-adapted surgery in elderly patients results in acceptable 
therapeutic results comparable to younger patients. 
Additionally, these authors stated that limited surgery in 
elderly gastric cancer patients with high comorbidities does 
not necessarily compromise oncological outcome.

Looking to define the risk factors that predict 30-day 
morbidity and mortality after gastrectomy for cancer in 
Veterans Affairs (VA) Medical Centers, Grossman et  al. 
reported data gathered prospectively by the VA National 
Surgical Quality Improvement Program on 708 patients 

Table 62.1  Tailored surgical therapy for the elderly with gastric cancer

Study origin N

Perioperative 
morbidity (elderly 
vs. young)

Perioperative 
mortality (elderly 
vs. young)

DFS (elderly 
vs. young)

OS (elderly  
vs. young) Notes References

Germany 363 Higher Higher Minimal  
decrease

Same Limited surgery does not 
compromise oncological 
outcomes in the elderly 
with comorbidities

[10]

USA 708 Higher Same – – VA study evaluated risks 
factors for perioperative 
morbidity and mortality

[11]

China 2,613 – – Same Higher Limitations: age cutoff at 60; 
no analysis of 
comorbidities

[12]

Japan 289 Higher Higher – Lower Lower rate of curative 
surgery observed in the 
elderly

[13]

China 433 Higher Higher Same Same Limited resection recom-
mended in the very old

[14]

Korea 719 Higher Same [15]
Japan 93 All patients >80 

years old
– D2 > D1 D2 > D1 D1 vs. D2 Resections 

compared. Recommended 
D2 in patients with good 
functional status

[16]

Italy 110 All patients >80 
years old

– Higher comorbidities resulted 
in higher mortality; 
radical resection 
recommended only for fit 
patients

[17]

United  
Kingdom

180 Higher Same – – By tailoring the extent of 
resection and balancing 
risk and radicality, gastric 
cancer surgery can be 
performed with low 
mortality in the elderly

[19]

VA veterans administration, DFS disease free survival, OS overall survival
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undergoing gastrectomy for cancer in 123 participating VA 
medical centers from 1991 to 1998 [12]. Independent vari-
ables analyzed by the authors included 68 preoperative 
patient characteristics and 12 intraoperative variables; the 
dependent variables were 21 defined adverse outcomes and 
death. Predictive models for 30-day morbidity and mortality 
were constructed by using stepwise logistic regression anal-
ysis. Overall, the 30-day morbidity rate was 33.3% (236 of 
708). The overall 30-day mortality rate was 7.6% (54 of 
708). Significant positive predictors of morbidity (P < 0.05) 
included current pneumonia, American Society of 
Anesthesiologists class IV (threat to life), partially depen-
dent functional status, dyspnea on minimal exertion, preop-
erative transfusion, extended operative time, and increasing 
age. Significant positive predictors of mortality (P < 0.05) 
included do not resuscitate status, prior stroke, intraoperative 
transfusion, preoperative weight loss, preoperative transfu-
sion, and elevated preoperative alkaline phosphatase level. 
Although they found an increase in overall morbidity, age 
alone was not an independent risk factor for increased peri-
operative mortality after gastrectomy in elderly patients.

In one of the largest series published on outcomes after 
resection for gastric cancer, Chinese investigators analyzed 
the factors influencing the prognosis of patients with gastric 
cancer after surgical treatment [13]. In this retrospective 
study, 2,613 consecutive patients with gastric cancer were 
studied. Of these patients, 2,301 received operations, and of 
these, 1,975 underwent surgical resection of the tumors (891 
received palliative resection and 1,084 received curative 
resection). Of the patients with surgical resection of the 
tumors, the overall 1-, 3-, and 5-year survival rates were 
82.7, 46.3 and 31.1%, respectively, with the 5-year survival 
rate being 51.2% in patients with curative resection, and 
7.8% for those with palliative resection. The 5-year survival 
rate was 32.5% for patients with total gastrectomy, and 
28.3% for those with total gastrectomy plus resection of the 
adjacent organs. The factors that independently correlated 
with poor survival in this study included advanced stage, 
upper third location, palliative resection, poor differentia-
tion, Bormann classification type IV, tumor metastasis (N3), 
tumor invasion into the serosa and/or contiguous structures, 
proximal subtotal gastrectomy for upper third carcinoma, 
and D1 lymphadenectomy after curative treatment. Age 
alone was not found to be an adverse independent prognostic 
factor of outcome. Moreover, 5-year survival was higher in 
patients over the age of 60 compared to younger patients 
(36.2% vs. 29.2%, respectively; P = 0.05). The limitations of 
this study include a relative young age of cutoff to define the 
elderly population (60 years and older), the lack of analysis 
on comorbidities in the different age groups, and the lack of 
information on tumor characteristics specific to the different 
age groups. Nonetheless, the authors concluded that primary 
gastric cancer should be resected with a radical operation as 

long as the local conditions permitted in order to prolong 
patient survival and improve their quality of life regardless of 
age at the time of presentation.

A study from Japan analyzed outcomes after gastrectomy 
for gastric cancer on 50 patients ³80 years of age compared 
to 239 patients £60  years of age [14]. The incidence of 
advanced gastric cancer in the older vs. younger groups was 
59.6% vs. 27.9%, respectively (P < 0.01). The tumor size was 
significantly larger in the older group. The tumor location in 
the older group predominantly involved the upper third of 
the stomach, while in the younger group, the middle third 
of  the stomach was primarily involved. Histologically, the 
incidence of differentiated tumor types was 65.1% vs. 50.5% 
(P < 0.05), and undifferentiated types, 34.9% vs. 49.5% 
(P < 0.05), in the older and younger groups, respectively. 
Retrospective comparisons conducted between the older and 
younger groups revealed the following curative resectability 
rates: 52.0% vs. 74.5% (P < 0.01); hospital mortality rate: 
2% vs. 0%; overall 5-year survival rate: 46.1% vs. 71.1% 
(P < 0.01); and a 5-year survival rate in patients who under-
went curative resection of 65.0% vs. 88.8% in the older vs. 
younger age groups, respectively. These results suggest that 
the survival of elderly patients with gastric cancer is worse 
than that of younger patients because of a lower curative 
resection rate of advanced cancers. However, the survival 
rate in elderly patients is similar to that in younger patients if 
a curative resection is performed.

The Case for Tailoring the Extent of Resection 
According to Patient Factors

Contrary to the above reports, a study from China found an 
increase in operative mortality after gastrectomy in the elderly 
[15]. In this study, 433 patients aged >65 years who under-
went gastric resection for gastric adenocarcinoma were ana-
lyzed. Two groups were considered: patients aged 65–74 years 
and those >74  years. Most of the patients (78.1%) had 
advanced disease, and nearly half (41.3%) had associated 
chronic conditions. Resections with curative intention were 
performed in 83.6% of patients. The overall operative mor-
bidity and mortality rates were 21.7 and 5.1%, respectively. 
Although operative procedures were similar in both groups, 
patients aged >74 years had a higher mortality rate than those 
aged 65–74  years (10.1% vs. 3.5%; P = 0.034). Age and 
extent of gastric resection were two independent factors nega-
tively affecting mortality. The cumulative survival rates for 
patients who underwent curative resection were 86.2, 72.4, 
67.2, 62.9, and 60.0% at 1, 2, 3, 4, and 5 years, respectively. 
Nearly all patients (96%) after surgery had normal work and 
daily activities. Some patients appeared to lack energy (16%) 
or experienced a period of anxiety or depression. There was 
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no statistical difference in survival and quality of life assessed 
by the Spitzer index after curative resection between the two 
groups. The authors concluded that resection with curative 
intention can be performed for the elderly with acceptable 
morbidity and mortality rates, possible long-term survival, 
and good quality of life, but a limited operation should be 
considered in the very elderly patients.

Another study from Korea on 719 consecutive patients 
who underwent operations for gastric cancer also found an 
increased risk of perioperative morbidity, but no increase in 
mortality after surgical resection for gastric cancer in elderly 
patients [16]. Overall morbidity and mortality rates were 17.4 
and 0.6%, respectively, and the rates of surgical and nonsurgi-
cal complications were 14.7 and 3.3%. Morbidity rates were 
higher in patients aged over 50 years (odds ratio 1.04, 95% 
confidence interval 1.02–1.06), when the gastric tumor was 
resected with another organ (36% for combined resection vs. 
15.4% for gastrectomy only; odds ratio 3.25, 95% confidence 
interval 1.76–6.03) and when gastrojejunostomy was used for 
reconstruction after subtotal gastrectomy (17.0% for Billroth 
II vs. 9.5% for Billroth I; odds ratio 2.00 (95% confidence 
interval 1.05–3.79). The authors concluded that age, com-
bined resection, and Billroth II reconstruction after radical 
subtotal gastrectomy were independently associated with the 
development of complications after gastric cancer surgery.

A study on 93 patients who underwent gastrectomy for 
gastric cancer evaluated the benefit of R2 vs. R1 gastrectomy 
for gastric cancer in Japanese patients over 80 years of age 
[17]. The clinical and pathological characteristics of the 
patients in the two groups were comparable at the time of 
surgery, except that the group who underwent R1 gastrec-
tomy was older. R2 gastrectomy involved a significantly lon-
ger operation time (P < 0.01) and greater intraoperative blood 
loss (P < 0.05) when compared to R1 gastrectomy, but no 
patient undergoing this extensive surgery died. The differ-
ence in the morbidity rate between the two groups was not 
statistically significant. The 5-year survival rate was 55.8% 
in the R1 group and 65.4% in the R2 group. When gastric 
cancer invaded the serosa and/or secondary nodes, a substan-
tial increase in survival time was gained with R2 gastrectomy 
when compared to an R1 operation. These findings suggested 
that an R2 gastrectomy is feasible, even for patients over 
80 years, but seems to be indicated mainly when the carci-
noma had invaded the serosa and/or secondary nodes and the 
patients are at good risk for major surgery.

A group of Italian surgeons recently reported on their 
18-year experience with 110 patients aged 80 years and over 
affected with gastric cancer [18]. Postoperative morbidity 
and mortality rates and risk factors affecting their incidence 
were examined by univariate and multivariate analysis. 
Operability and resectability rates were 70.9 and 47.3%, 
respectively. Of the resective procedures, 78.8% were subto-
tal gastrectomies. In 9.6% of cases, combined resections 

were performed. Twenty-five patients (32.1%) experienced 
postoperative complications; overall mortality rate was 
12.8%. In resective procedures, morbidity and mortality 
were 26.9 and 3.8%, respectively. Statistical analysis identi-
fied the number of preexisting medical illnesses as an inde-
pendent predictor of morbidity and mortality. The crude 
5-year survival rate of curatively resected cases was 43%. 
Although multiple medical illnesses led to higher operative 
mortality, neither the presence of postoperative complica-
tions nor the number of preexisting medical illnesses signifi-
cantly influenced the 5-year survival rate of curatively 
resected patients. The authors concluded that with careful 
patient selection, gastric surgery provides good immediate 
and long-term results even in very old patients. However, the 
authors also concluded that subtotal gastrectomy with lim-
ited lymphadenectomy should be the preferred procedure; 
total gastrectomy, combined resections and extended lymph-
adenectomy should be performed only when necessary, in 
patients with fewer than two illnesses. Surgery should be 
avoided in elderly patients with highly advanced disease, if 
multiple medical illnesses are present.

Another Japanese study evaluated the relationship between 
operative procedures for treatment of patients with gastric 
carcinoma and complications with special reference to the 
age of patients [19]. In this study, the patients were divided 
into four age groups: 50–59; 60–69; 70–79; and over 80 years. 
In elderly patients, proximal gastrectomies were not per-
formed, resection of the neighboring organs was seldom 
performed and lymph node dissection was usually limited to 
the primary and secondary nodes. There was no significant 
difference in the rate of postoperative complications between 
groups. Although only limited surgery was performed for 
patients of 80 years and over, there was no significant differ-
ence in age-corrected cumulative survival rate between 
groups. This study concluded that limited resection may allow 
safe surgical treatment for patients of 80 years and over with 
gastric carcinoma, without a negative effect on prognosis.

In a study from the UK of 180 consecutive patients under-
going resection for gastric adenocarcinoma with curative 
intent the balance between risk and radicality of resection 
was evaluated [20]. The extent of lymphadenectomy was 
based upon preoperative and intraoperative staging and bal-
anced against the patient’s age and fitness. In this study, 83 
patients underwent subtotal or distal partial gastrectomy and 
97 patients underwent total or proximal partial gastrectomy. 
Operative procedures were as follows: D1 lymphadenectomy 
(n = 62); modified (spleen and pancreas preserving) D2 
lymphadenectomy (n = 73); D2 lymphadenectomy (n = 42); 
and extended resection (n = 3). The TNM classification for 
these patients was: stage 1 (n = 45); stage 2 (n = 37); stage 3 
(n = 61); and stage 4 (n = 37). Of the patients, 48 developed 
postoperative complications including 17 patients with a 
major surgical complication. The in-hospital mortality was 
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1.7%. Predicted mortality was 21.4 and 7.8%, respectively. 
Disease-specific 5-year survival according to stage was 85.4, 
64.2, 33.3, and 6.9%. The authors concluded that by tailoring 
the extent of resection and balancing risk and radicality, gas-
tric cancer surgery can be performed with low mortality in 
Western patients.

Adjuvant and Neoadjuvant Therapies  
in Gastric Cancer

Despite improvements in diagnosis and surgical management 
of patients with gastric cancer, cure rates are still extremely 
low and long-term survival has remained stagnant over the 
last few decades [21]. Studies using worldwide [22] and 
national US cancer registries [2] have revealed current 5-year 
overall survival (OS) rates of 20–24%, a modest increase as 
compared to 17% seen in the early 1970s [2]. Similarly, out-
side Asian countries, and with no formal standardized screen-
ing programs, most patients with gastric cancer are diagnosed 
with advanced stages with less than a quarter (24%) present-
ing with early gastric cancer at time of diagnosis [2]. 
Additionally, even in the setting of curative resection, at least 
50% of patients develop early (within 2  years) recurrence, 
generally evenly distributed between distant and locoregional 
sites [23]. Considering these outcomes, it is not surprising 
that additional therapies have been and continue to be evalu-
ated as a means to achieve better long-term outcomes. During 
the last decade two pivotal studies [24, 25] helped define a 
milestone in the approach to patients with gastric cancer and 
have contributed to shifting the standard of care from surgery 
alone to multimodality therapy.

History and Current Standards  
in the General Population

More than 30 randomized clinical trials have been performed 
evaluating the role of different chemotherapy agents in the 
adjuvant setting with inconclusive results regarding its ben-
efit and impact on OS. Most are old studies evaluating 
outdated regimens including single or combination therapies 
of mytomicin C, cytarabine, methyl-lomustine, 5-fluoroura-
cil, doxorubicin, and epirubicin among other agents. 
Although some of these trials were able to show improved 
OS, [26–29] others revealed contradictory results [30–32]. In 
an attempt to clarify this, multiple meta-analysis have been 
performed [33–36] and although most have shown a benefit 
of adjuvant chemotherapy, albeit small, the heterogeneity 
of the studies included in all, as well as the selective benefit 

of chemotherapy in some (Asian patients only [36] and 
nodal-positive disease [34]) precluded any definitive recom-
mendation for the standard use of chemotherapy.

Given the high rate of locoregional recurrence after 
curative resection, radiation therapy in different settings, has 
also been explored. A randomized trial by the British Stomach 
Cancer Group evaluated the role of external beam radiation 
therapy (EBRT) after resection in patients with stage II and 
III gastric cancer [37]. Five-year OS was lower for those in 
the radiation therapy arm as compared to patients having sur-
gery alone or surgery followed by chemotherapy. The effect 
of intraoperative radiation therapy (IORT) in the treatment of 
gastric cancer has also been evaluated with studies revealing 
no effect on OS either [38]. Another strategy has been the use 
of chemotherapy with radiation therapy in the postoperative 
setting. A series of studies have been conducted in the past 
trying to address this strategy for gastric cancer [39–41]. 
Although two of these trials showed a difference in survival 
benefiting the treatment arm [40, 41], multiple methodologi-
cal flaws limited the validity of their results. More recently, a 
well-designed randomized controlled trial, the Gastrointestinal 
Cancer Intergroup Trial (INT-0116) [24], assessed the role of 
postoperative chemoradiation (5-FU/leucovorin and 45Gy of 
EBRT) in 556 patients with stage IB-IVM0 gastric and gas-
troesophageal adenocarcinoma after complete (R0) resec-
tion. Although the study is criticized due to the high 
proportion of patients unable to tolerate treatment (~30%) as 
well as to issues regarding adequacy of radiation technique 
and surgical resection (>50% of patients had <D-1 lymph-
adenectomy), results were encouraging revealing a 9% abso-
lute benefit in the 3-year OS of patients in the treatment 
group as compared to those having surgery alone (3-year OS 
50% vs. 41%, respectively, P = 0.005). This study was the 
first one showing a clear benefit in OS for patients with gas-
tric cancer and marked the transition from resection alone to 
multimodality therapy as the standard of care for the man-
agement of patients with gastric cancer.

Neoadjuvant approaches have also been evaluated in an 
attempt to improve survival in patients with resectable gas-
tric cancer as well as an alternative approach for patients 
presenting with initially unresectable tumors. Proponents 
of this approach argue that with neoadjuvant therapy, foci 
of micrometastatic disease can be targeted earlier, tumor 
response can be assessed, down-sizing can be achieved pos-
sibly leading to higher rates of resectability as well as to 
higher R0 resections and that it allows to select out the 
patients who will progress while on therapy due to the 
aggressive behavior of their tumors. An additional benefit is 
that neoadjuvant therapy tends to be better tolerated, a 
potentially relevant feature when considering multimodal-
ity therapy in elderly or debilitated patients. More recently, 
investigators from MD Anderson Cancer Center have shown 



78762  Gastric Cancer in the Elderly

the prognostic value of response to preoperative chemo-
therapy as well [43]. The use of preoperative chemotherapy 
has been well studied in multiple phase I and phase II trials 
and its feasibility and safety have been well delineated 
[43–47]. Although a recent phase III study led by the Dutch 
Gastric Cancer Group evaluating the effect of preoperative 
chemotherapy in resectable gastric cancer failed to demon-
strate any long-term benefit in survival with this strategy 
[48], a more recent and well-designed study utilizing peri-
operative chemotherapy has become the gold standard in 
managing gastric cancer in many places worldwide [26]. 
The MAGIC trial (Medical Research Council Gastric 
Infusional Chemotherapy Trial) randomized 503 patients 
with ³stage II nonmetastatic gastric and gastroesophageal 
cancer to surgery alone vs. perioperative chemotherapy 
[epirubicin/cisplatin/5-FU (ECF) pre- and postoperatively] 
and surgery. Despite only 42% of patients in the treatment 
arm completing both pre- and postoperative therapy, inten-
tion-to-treat analysis revealed a significant benefit in 5-year 
OS (36% vs. 23% for the surgery alone group, P = 0.009). 
Similarly, patients in the perioperative chemotherapy group 
were found to have smaller size tumors, more early stage 
tumors, and had a higher rate of curative resection, arguing 
in favor of some of the added benefits of response to preop-
erative chemotherapy. Postoperative complications were 
similar for both groups. Although this regimen was not 
tolerated by all patients and only 42% completed therapy, it 
is hard to argue against the benefit of this strategy and this 
should currently be considered the standard of care in eli-
gible patients.

More recently, a randomized controlled trial from Japan 
evaluated the role of adjuvant chemotherapy for 1 year with 
the oral fluoropyrimidine S-1 as compared to surgery alone 
in patients with stages II (excluding T1 tumors), IIIA and 
IIIB gastric cancer undergoing D-2 resections [49]. They 
randomized a total of 529 patients and found a survival ben-
efit in the treatment arm with 3-year OS of 80.1% vs. 70.1% 
in the surgery alone group (P = 0.003) and a relatively low 
incidence of major toxicities. Although this trial confirms the 
benefit of multimodality therapy for gastric cancer it is lim-
ited by the extent of the operation (100% of patients had D-2 
resections), since this type of operation is the exception 
rather than the rule in western countries, as evidenced by the 
findings from the INT-0116 trial [25].

Current studies are focusing on the role of preoperative 
chemoradiation [50, 51], combinations of the MAGIC and 
INT-0116 trials regimens (CALBG 80101 trial) evaluated in 
the postoperative setting, and addition of targeted therapies 
(bevacizumab) to MAGIC-type chemotherapy (MAGIC-B 
trial) [52 ]. Additionally, current effective regimens (i.e., 
ECF) are being evaluated with newer agents such as capecit-
abine and oxaliplatin, which have shown similar or better 

response rates with the added benefit of more favorable 
toxicity profiles [53]. Future strategies will very likely be 
characterized by the use of multimodality therapy both in the 
preoperative and postoperative settings with the emergence 
of biologic agents as a promising addition to these recent 
positive findings.

Data on Adjuvant and Neoadjuvant  
Therapies in the Elderly

When approaching elderly patients with the diagnosis of 
gastric adenocarcinoma, specific considerations must be 
included in the decision-making strategy for both the surgi-
cal approach and the use of adjuvant/neoadjuvant therapies. 
At least 60% of patients diagnosed with gastric adenocarci-
noma are over the age of 65 and multiple studies have con-
firmed increasing age as an important predictor of worse 
long-term outcomes (Fig. 62.2). The specific reason driving 
this prognostic difference is not clear; however, a series of 
studies have shown that in the elderly, substandard surgical 
and systemic therapy is often the rule in patients with col-
orectal carcinoma [54] as well as in those diagnosed with 
other gastrointestinal malignancies, including gastric cancer 
[55, 56]. Specifically, a population level study originated 
from the analysis of two large cancer registries in France 
revealed that in patients over the age of 80 years, regardless 
of the specific gastrointestinal cancer site, chemotherapy 
was administered in an extremely low number of patients 
(1.6–5.1%) [55]. These findings have also been confirmed in 
other larger US registry studies evaluating the use of adju-
vant chemotherapy for stage III colorectal cancer, in which 
increasing age has been identified as independently associ-
ated with lower use of this proven effective strategy [57].

In parallel to patient selection in randomized trials from 
other sites [58], elderly patients are underrepresented in 
adjuvant and neoadjuvant trials for the management of gas-
tric cancer, complicating the strength of potential inferences 
made regarding the benefit and/or toxicity of these regimens 
in this subset of patients. For example, in the INT-0116 trial 
the median age of patients was 60 and 59 years in the treat-
ment and control arms, respectively, and no additional analy-
sis regarding effectiveness or toxicities was done based on 
age [25]. The MAGIC trial [26] and the Japanese trial evalu-
ating the role of S-1 [49] had a median age of 62 and 63 years, 
respectively, and although in the latter there was a set limit of 
age over 80 for eligibility and in both, patients were well 
selected to minimize the number of comorbidities (a rare 
situation in the elderly), both of these trials did have at least 
20% of their population over the age of 70 years. Although 
this proportion does not reflect the typical age distribution of 
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this disease and despite no specific subset analysis being 
done to evaluate age as a predictor of response or toxicity, 
the inclusion of such proportion of elderly patients, albeit 
small, allows to consider that regimens may be tolerated as 
well and that their clinical effect on survival may in fact be 
applicable to older patients too.

To better establish this observation, at least five recent 
phase II trials have been performed evaluating the tolerabil-
ity of different regimens for advanced gastric cancer (locally 
advanced and metastatic) in the elderly and to define the 
response rates in these patients [58–63]. In 2003, Graziano 
et  al. reported adequate safety with the use of cisplatin/
leucovorin/fluorouracil in the elderly population.

More recently [58], with the emergence of the newer plat-
inum class agent oxaliplatin, investigators have evaluated 
different oxaliplatin-based regimens in the elderly popula-
tion. The advantage of this newer agent includes better 
response rates as well as a more favorable toxicity profile 
with dose-limiting toxicity due to peripheral neuropathy 
rather than other more complicated and potentially lethal 
toxicities (i.e., hematologic). These reports have recently 
shown an overall tumor control rate of approximately 
70–80% with overall responses of 32–45%, complete 
response rates in the range of 2–8%, and grade III toxicities 
of 7–15% with no reported chemotherapy-induced deaths 
[59, 61]. The effectiveness of these regimens compares well 
to those used in the general population and based on these 
preliminary studies, they appear safe when used for manag-
ing elderly patients. The caveats to some of these reports 
includes the strict selection criteria of patients characterized 
by good performance status (ECOG 0-1) and the low number 
of comorbidities, a feature often unrealistic when managing 
older populations. Additionally, the clinical effectiveness 
(i.e., impact on survival) of these regimens still needs to be 
tested specifically for resectable nonmetastatic disease, ide-
ally in the setting of multi-institutional randomized con-
trolled trials with a higher proportion of patients over the age 
of 65 years.

In summary, multimodality therapy for the management 
of nonmetastatic gastric cancer has become the standard of 
care with postoperative chemoradiation and perioperative 
chemotherapy being the most commonly used approaches. 
Adjuvant chemotherapy with S-1 for a more prolonged 
period of time in patients having had a D-2 curative resection 
is also a proven effective strategy. None of these studies 
have addressed the effectiveness and/or toxicity profiles of 
these regimens in the elderly specifically; however, a 
reasonable proportion of older patients were included and 
appeared to benefit similarly to younger patients from the 
two multimodality approaches. Further, perioperative che-
motherapy (MAGIC-type regimen), although not tolerated 

well by all patients, has the advantage of being started prior 
to surgery, which can theoretically be better tolerated than 
after a large operation with all the potential side effects that 
this could have on older patients as described earlier. Newer 
regimens with more effective agents and better toxicity pro-
files have proven to be a safe approach in the elderly spe-
cifically. As additional phase III trials evaluating these 
newer regimens are completed with consistent information 
regarding their benefit on survival, more solid data will 
become available to shift the management of older patients 
from current regimens to those newly tested. Finally, with 
the improvements in diagnosis, staging, and perioperative 
care as well as with the worldwide effects of the demo-
graphic transition and the so-called increase in the “gray-
ing” population, future trials evaluating multimodality 
approaches in combination with biologic agents need to 
include a higher proportion of elderly patients that more 
realistically represent the demographic characteristics of 
patients with gastric cancer.

Practical Application

Based on these data, we have developed a selective approach 
to the surgical management of gastric cancer in the elderly. 
In order to decide the extent of surgical resection (total vs. 
subtotal gastrectomy) and the extent of lymphadenectomy 
(D1 vs. D2 lymphadenectomy; Table  62.2 compares the 
extent of lymphadenectomy in these two techniques) we do 
not necessarily consider the patient’s chronological age, but 
his/her biological age. Factors considered in this decision 
making process include the number and type of comorbidi-
ties, functional status, and nutritional status. For the latter, 
we consider the extent of weight loss and the patient’s albu-
min level. The following two cases illustrate this selective 
approach to the surgical management of gastric cancer in the 
elderly in our practice (Table 62.3).

Table  62.2  “D” nomenclature: extent of lymphadenectomy during 
gastrectomy for gastric cancer

Description Regions included in resection

D1 Removal of all nodal tissue within 3 cm of the 
primary tumor

D2 D1 plus clearance of hepatic, splenic, and left gastric 
lymph nodes

D3a D2 plus omentectomy, splenectomy, distal pancreatec-
tomy, and clearance of celiac and porta hepatis 
lymph nodes

a D3 resections are not currently recommended
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Table 62.3  Case presentations: tailoring the radicality of surgery and adjuvant therapy to the patient’s functional state

Case 1 Case 2

Age 80 82
Symptoms Dysphagia; mild weight loss Bleeding requiring multiple transfusions; significant weight loss
Comorbidities HTN, GERD

No smoking or alcohol intake
HTN, COPD, CAD, DM, AAA
Significant smoking and alcohol consumption

Functional state Excellent Poor
Nutritional state Excellent Poor
Albumin level 3.6 mg/dl 2.3 mg/dl
Type of gastrectomy Total gastrectomy Distal gastrectomy
Extent of lymphadenectomy D2 D1
Adjuvant therapy Magic-type, perioperative Postoperative therapy not tolerated
Surgical pathology report T3N0M0; 0/24 lymph nodes T3N1M0; 1/10 lymph nodes
Current status Disease-free 26 months after surgery; 

excellent functional state
Disease-free 14 months after surgery; baseline fair functional 

state
HTN hypertension, GERD gastro esophageal reflux diseased, COPD chronic obstructive pulmonary disease, CAD coronary artery disease,  
DM diabetes mellitus, AAA abdominal aortic aneurysm

Case Study 1

The patient is an 80-year-old male who was status post-
antrectomy and truncal vagotomy with a Billroth II 
reconstruction for peptic ulcer disease over 20 years ago. 
Over the last 3  months, he developed progressive dys-
phagia, lost approximately 10 pounds, and reported vague 
epigastric discomfort. His past medical history included 
hypertension (well controlled) and gastro esophageal 
reflux disease. He did not smoke or drink alcohol. He 
lived independently and was very active. He underwent 
an esophagogastroduodenoscopy, which revealed a mass 
in the gastric remnant involving the body and fundus of 
the stomach. A biopsy of this mass revealed a well-
differentiated adenocarcinoma. His serum albumin level 
was 3.6  mg/dl. A CT scan of the chest, abdomen, and 
pelvis revealed a thickening of the stomach remnant with 

no evidence of regional adenopathy, visceral metastases 
or carcinomatosis (Fig. 62.4). An endoscopic ultrasound 
revealed this mass was a eusT3, N0, M0.

Although this patient’s chronological age was 
advanced, he was in excellent functional state, had no 
severe comorbidities and a good nutritional status. His 
gastric cancer was potentially curable with multimodality 
therapy. Therefore, we took an aggressive approach with 
him, with modern perioperative chemotherapy and radi-
cal surgery. He underwent Magic-type perioperative che-
motherapy and had a completion gastrectomy with a D2 
lymphadenectomy and a Roux-en-Y esophagojejunos-
tomy reconstruction. His final pathology report showed a 
well-differentiated adenocarcinoma with negative 
margins and 0/24 lymph nodes positive. The final patho-
logical staging was a T3N0M0. Twenty-six months later 
he is alive and disease-free and in good functional state.

Figure 62.4  CT of the abdomen of an 80-year-old patient with gastric adenocarcinoma. The arrows show thickening of the stomach at 
the level of the fundus and gastro esophageal junction (a) and the body of the stomach (b).
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Conclusion

Gastric cancer remains one of the most common and aggres-
sive malignancies worldwide. Since the incidence of gastric 
cancer increases linearly with age, and since the average 
lifespan of the population is increasing steadily, gastric can-
cer is a significant problem in the elderly. Gastric cancer 
presents unique challenges in this age group: a distinctive 
pathological profile, higher incidence of advanced disease, 
and higher incidence of significant comorbidities that make 
radical surgical options riskier. Although age alone is not a 
contraindication for aggressive surgical and adjuvant ther-
apy, the preponderance of the evidence suggests a tailored 
approach to this disease in the elderly, with radical surgery 
and aggressive adjuvant and/or neoadjuvant therapy reserved 
for patients with good performance status, and less radical 
surgery and adjuvant therapy for debilitated patients with 
multiple concomitant comorbidities.
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Introduction

Small bowel obstruction (SBO) is a common surgical entity 
that can occur at any patient age. Although the general prin-
ciples of diagnosis and treatment of SBO has remained con-
sistent across all age groups, recent shifts in both incidence 
and etiology among patients of more advanced years now 
requires focused treatment considerations [1]. Historically, 
the classical dilemmas associated with management of SBO 
has remained steadfast for the elderly and include (1) differ-
entiating strangulated from nonstrangulated SBO; (2) delin-
eating ileus from SBO; and (3) determining optimal duration 
of nonoperative management for partial SBO. Indeed, a bet-
ter understanding and approach to these clinical scenarios is 
especially pertinent for the elderly due to their increased risk 
for perioperative morbidity and mortality [2].

To date, no current data suggest much change in the pri-
mary etiologic causes of SBO which remains adhesions, 
neoplasms, and hernias [2, 3]. Likewise, standard operative 
management still includes an “open” exploratory approach 
along with adhesiolysis, herniorraphy, enteric by-pass, and/
or bowel resection. Similarly, laparoscopic surgery, yet still a 
promising alternative, remains controversial. Importantly, 
advances in clinical imaging (e.g., multidetector computed 
tomography or MDCT) and biotechnology now provide 
more effective modalities for accurate detection along with 
preventative measures for reducing recurrence of SBO fol-
lowing major abdominal surgery; ultimately leading to better 
patient management and outcome.

This chapter will focus on fundamentals for approaching 
the assessment and timely management of SBO in the geriat-
ric population. Operative vs. nonoperative management in 
the elderly will be addressed. This review will also highlight 
the important pathophysiology of adhesion formation and 

resultant SBO as well as current data supporting selected 
minimally invasive approaches for the treatment of this dis-
ease. Moreover, operative intervention coupled with recent 
developments in preventative measures, e.g., biological bar-
riers, will be discussed. Throughout, an algorithmic, evi-
dence-based approach for the evaluation and appropriate 
therapeutic management will be emphasized.

Epidemiology

Geriatric persons are now the largest growing segment of 
our population, with the number of persons 65 years of age 
and older more than doubling by the middle of this century, 
to approximately 80 million [4]. What remains problematic 
is accurately determining the actual incidence of SBO 
among this cohort. Previously, patient statistics were typi-
cally derived from population-based samples, primarily 
through national hospital-based discharge registries predi-
cated upon imprecise coding schema for SBO; now seem-
ingly more standardized in the updated International 
Classification of Diseases (ICD-10 CM) [5]. Therefore, 
current data likely reflect an underestimation of this escalat-
ing clinical problem.

Nevertheless, recent trends in aging have shown that 
patients 65 years of age and older make up 38% of all hospi-
tal discharges accounting for nearly 43% of in-patient care 
days [4]. These rising figures remain in accord with overall 
age-adjusted national rates of hospitalization for intestinal 
obstruction occurring in 44.8 per 10,000 [4]. Similarly, cen-
sus data based upon National Health Statistics for 2008 
report an increasing rise in intestinal obstruction with advanc-
ing age (see Fig. 63.1) [6]. These upward trends remain in 
accord with previously published data derived from state 
hospital-based discharge registries correlating age-specific 
increases of SBO with gender, whereby females 
(age > 75 years) had a greater predilection (Fig. 63.2) [7], in 
part, attributed to a larger number of operative procedures 
performed on woman, both abdominal and gynecologic.
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Moreover, as small bowel obstruction increases with age, 
so also does the rate of reported operative procedures (lysis 
of adhesions, only) performed on elderly patients (Fig. 63.3) 
[6]. However, more concerning is recent data on the actual 
incidence of intestinal obstruction (without mention of 

hernia) derived from the National Center for Health Statistics; 
demonstrating US age-specific death rates from SBO being 
more likely to occur in the elderly; especially among indi-
viduals over age 70 (Fig. 63.4) [7].

Etiology-Specific Considerations  
in the Elderly

To predict the etiology of SBO and direct its treatment, it is 
first useful to classify SBO using several defining charac-
teristics. Upon initial presentation, the degree of luminal 
obstruction should be described as either partial or com-
plete. Equally important is where along the axis of the small 
bowel does the obstruction occur (e.g., proximal, mid, or 
distal). Underscoring the importance of these descriptors is 
the clinical scenario of the worrisome “closed” loop 
obstruction where two areas of complete obstruction pre-
vent axial flow of intestinal contents from the involved 
bowel loop in either the aborad or orad direction. Similarly, 
structures causing obstruction can also be classified by 
their anatomic location as they relate to the perpendicular 
axis of the bowel. These structures may be either extrinsic 
and/or intrinsic to the bowel wall [8–10], both capable of 
comprising the entire lumen – as seen in obturation obstruc-
tion. Table 63.1 depicts some of the more common etiolo-
gies for SBO, keeping in mind that increasing age is a risk 
factor for most [11].

By definition, mechanical bowel obstruction is an abnor-
mal decrease in the caliber of the involved bowel such that 
the passage of liquid or solid intestinal contents is impeded. 
In the majority of cases, SBO starts out as a simple mechani-
cal obstruction with adequate blood supply to the intestinal 
wall such that the bowel remains viable. However, SBO can 
progress to strangulation where local bowel ischemia occurs 
either by direct compression of the affected segment by the 
obstructing lesion or by extreme dilation and increased 
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Figure 63.1  Age-specific incidence of small bowel obstruction show-
ing an increase in persons aged 65 and older. National Center for Health 
Statistics Report, No. 5 pp. 1–20, 2008.
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Figure 63.3  Rate of age-specific reported procedures (lysis of adhe-
sions) performed following a diagnosis of small bowel obstruction. 
National Health Statistics Report, No. 5 pp. 1–20, 2008.
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pressure in the bowel just proximal to the obstruction, lead-
ing to mesenteric occlusion and diminished vascular 
perfusion.

By comparison, the etiology and pathophysiology of large 
bowel obstruction (LBO) is considerably different from 
those of SBO; due to the mostly retroperitoneal nature of the 
large bowel, it’s relatively short mesentery, along with the 
competency of the ileocecal valve. Indeed, both types of 
obstruction occur frequently in the elderly, but nearly 80% of 
intestinal obstruction involves the small bowel; the predomi-
nant cause of obstruction in the elderly being due to adhe-
sions from prior abdominal surgery [12]. Thus emphasis of 
this chapter will focus on the pathophysiology, management, 
and measures to prevent intra-abdominal adhesions. 
Figure 63.5 illustrates the incidence of the three most com-
mon causes of SBO in the elderly – postoperative adhesions, 
neoplasms, and hernias – again all have increasing preva-
lence in the elderly population [10].

Adhesions

More than 90% of abdominal adhesions develop after 
surgery [13, 14]. The formation of adhesive bands following 
surgical manipulation is a dynamic process that can occur 
within several days after surgically traumatized tissues 
appose one another. Under normal circumstances, follow-
ing nonsurgical traumatic injury, an inflammatory response 
ensues with recruitment and release of pro-inflammatory 
cells and cytokines (e.g., interleukin-1) along with activa-
tion of the coagulation cascade resulting in the deposition of 
a fibrinous matrix between apposing tissue surfaces. This 
fibrin matrix consists primarily of polymorphonuclear cells 
(PMNs), macrophages, eosinophils, red blood cells, plate-
lets, and tissue debris encased within fibrinous strands. In 
most cases, such an early fibrin matrix is temporary and 
undergoes fibrinolysis following activation of tissue plasmi-
nogen; whereafter degradation occurs within 72 h leading to 
tissue remodeling and repair as mesothelial and mesenchy-
mal cells proliferate to restore peritoneal defects. This pro-
cess occurs 4–5 days after tissue injury preventing permanent 
attachment of adjacent tissue surfaces. In contrast, follow-
ing surgically induced trauma, these involved tissues become 
ischemic from reduced blood flow resulting in suppression 
of fibrinolytic activity. With an absence of fibrin degrada-
tion (days 5 through 7), the fibrinous matrix now matures 
into an adhesive band from continued deposition of colla-
gen and organization by fibroblasts. Over time, these adhe-
sive bands represent a well-organized composition of 
connective tissues containing arterioles, venules, capillar-
ies, and nerve fibers.

Remarkably, postoperative adhesions account for approx-
imately 60% of all cases of intestinal obstruction in the 
elderly since many patients by the age of 65 have already 
undergone some form of abdominal surgery [15]. Whereby, 
the remaining causes of adhesions are typically secondary to 
inflammatory processes: such as pelvic inflammatory dis-
ease, diverticulitis, tuberculosis, and peritonitis.

The onset of adhesion-associated SBO may occur from 
several days up to 65  years from the initial operation. 
However, most SBOs develop earlier on during this interval 
period with reported median times to occurrence between 
1.5 and 5.0 years [16–18] Interestingly, the incidence of SBO 
after abdominal surgery appears to decrease over time; how-
ever, the cumulative risk remains substantial over the increas-
ing lifetime of the patient. Nieuwenhuijzen et al. reported on 
a series of 234 patients who underwent colectomy and found 
that 11% of patients developed SBO within the first postop-
erative year and 30% within the first 10 years [19]. Similarly, 
a series from Norway demonstrated a 9% cumulative inci-
dence of SBO after colorectal resection over 5 years [20].

Associated procedure-related formation of adhesions 
typically results after colorectal procedures, appendectomies, 

Table 63.1  Etiology of small bowel obstruction in the elderly

Extrinsic lesions

Postoperative adhesions
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Inguinal, femoral, obturator, umbilical, internal
Malignancy

Intra-abdominal, extra-abdominal
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Intrinsic lesions

Inflammatory bowel disease
Crohn’s disease

Primary small bowel tumors

Radiation enteritis/strictures
Bowel wall abscess
Bowel wall hematoma

Intraluminal obstruction

Gallstones
Fecal Impaction
Bezoars
Foreign body

Stents

Common Etiologies of Small Bowel Obstruction in the 
Elderly
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Malignancy

Hernia
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Miscellaneous

Figure  63.5  Percentage of most common causes of small bowel 
obstruction in the elderly.
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as well as multiple prior abdominal surgeries (including 
adhesiolysis for SBO) each accounting for 20–25% occurrence 
of adhesive SBO. Gynecologic procedures comprise the 
remaining 10–15% [18, 21, 22]. These procedures have been 
found to lead to the formation of single and multiple matted 
adhesive bands. Interestingly, vascular procedures have also 
been found to contribute substantially to the occurrence of 
adhesive SBO [23–25]. Therefore, not surprisingly, more than 
half of all adhesions causing SBO typically involves the ileum 
and occur within the pelvis. Moreover, in a recent Mayo Clinic 
series report, 48% of adhesion-associated SBO resulted from 
only single bands, whereas nearly 40% were multiple, among 
these 10% were categorized as dense [16]. In part, these find-
ings clearly support adopting a less traumatic surgical approach 
(e.g., laparoscopy) in the treatment of certain diseases.

Neoplasms represent the second most common cause of 
SBO and are responsible for nearly 20% of intestinal obstruc-
tion in the elderly. Malignant obstruction occurs by the fol-
lowing mechanism (s): (1) via direct tumor extension causing 
extrinsic compression of bowel, (2) bulky lymphatic metas-
tases which impinge on adjacent bowel, (3) and, more com-
monly, peritoneal implants (e.g., carcinomatosis); typically 
ovarian in origin, leading to a large burden of peritoneal 
disease and SBO [10]. Tumors intrinsic to the bowel wall, 
such as carcinoids or lymphomas, do occur and can cause 
obstruction, although this is  extremely uncommon.

The third most common etiology found in the geriatric 
population is derived from hernias, which accounts for the 
remaining 10% of cases of SBO. Clinically, hernias are more 
often associated with bowel strangulation than adhesive 
bands [8]: these include ventral, umbilical, incisional, ingui-
nal, and internal hernias. In addition, there are certain hernias 
that occur more frequently in the elderly, also requiring spe-
cial consideration if a diagnosis of hernia-associated small 
bowel obstruction is suspected; these include femoral and 
obturator hernias. There is a well-known preponderance of 
femoral hernias among female patients, therefore a high inci-
dence of suspicion is warranted and femoral hernias should 
never be overlooked. By comparison, obturator hernias, how-
ever less common, should also be considered in the aging 
population with chronic disease, also more prevalent in the 
elderly and often associated with bowel strangulation [10].

Other miscellaneous causes of small bowel obstruction 
(10%) in older patients include inflammatory disease pro-
cesses; such as Crohn’s disease, diverticulitis, and radiation-
induced colitis. Moreover, gallstone ileus which is rare in the 
general population, is more common in the elderly and can 
lead to SBO. Volvulus, bezoars (particularly in edentulous 
patients with prior gastrectomy), foreign bodies, fecal impac-
tion, intestinal wall hematomas from blunt traumas 
(i.e.,  traumatic falls), and intestinal wall abscesses are also 
potential causes of small bowel obstruction in the elderly. 
Clinicians must be aware of these possibilities when differ-
entiating an underlying cause for small bowel obstruction.

Moreover, as minimally invasive techniques become a 
larger part of our diagnostic and treatment armamentarium, 
application of these techniques is likewise expanding in the 
elderly due to the potential advantages for reduced morbidity. 
However, with these changes, new etiologic subclasses of iat-
rogenic causes of SBO are now being reported with increasing 
frequency. For example, endoscopically placed foreign 
objects, such as percutaneous endoscopic gastrostomy tubes 
[26–28] and endoscopic retrograde cholangiopancreatography 
(ERCP) stents [29–31], can become dislodged and lead to 
obturation obstruction. Similarly, SBO after laparoscopic 
procedures is well established [32]. Hernias can occur in tro-
car sites as well as through peritoneal defects created during 
laparoscopic procedures [33, 34]. Although postoperative 
adhesions are less likely, they also can occur. Because of the 
different etiologies of obstruction after laparoscopy, the gen-
eral approach to SBO after laparoscopy may differ from that 
after laparotomy. One recent report examining a series of 
patients with early postoperative SBO after laparoscopy found 
that all patients eventually required surgical intervention [35].

Pathophysiology of SBO and Evaluation

Mechanical small bowel obstruction, (e.g., adhesion, 
neoplasia, and hernia) is accompanied by proximal intestinal 
distension which is a result of the accumulation of normal 
gastrointestinal secretions and gas above the obstructed seg-
ment. Initially, hyperperistalsis of the bowel is stimulated 
from intestinal distension leading to frequent loose bowel 
movements distal to the point of obstruction. Typically, this 
occurs in the early onset both in partial and complete obstruc-
tion. Paradoxically, presentation of frequent bowel move-
ments in the elderly has been found to contribute to high 
rates of misdiagnosis, delayed treatment, and resultant 
increased morbidity and mortality [36–38].

As the distension becomes more severe, intraluminal 
hydrostatic pressures increase leading to the compression of 
the intestinal mucosal villus lymphatics. This results in the 
hindrance of lymphatic flow and development of bowel wall 
lymphedema. Consequently, the venules of the capillaries 
become congested from the increased hydrostatic pressure at 
the level of the capillary bed. Resultant fluids accumulate 
intraluminally as luminal pressures exceed 20 cm H

2
O thereby 

inhibiting absorption and stimulating secretions of salt and 
water into the lumen, proximal to the obstruction. Moreover, 
other causes of accumulation of intraluminal fluid may 
include (1) release of endocrine and paracrine substances, (2) 
changes in mesenteric circulation, (3) luminal release of bac-
terial toxins and (4) excess release of prostaglandins. These 
may all contribute to promoting small bowel epithelial secre-
tion, therefore, inhibiting absorption [36–38]. As a result, 
loss of intravascular fluid into the bowel manifests clinically 
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as dehydration and hypovolemia. Consequently, prolonged 
dehydration can result in oliguria, azotemia, hemoconcentra-
tion, and eventually hypotension and hypovolemic shock. 
Furthermore, congested loops of bowel may twist upon them-
selves and accompanying mesentery resulting in vascular 
occlusion. In turn, bowel ischemia and necrosis develop and 
if untreated perforation, peritonitis, and sepsis may occur.

In general, the pathophysiologic changes that occur in 
small bowel obstruction are similar between the nongeriatric 
and geriatric patient population. However, and very impor-
tantly, as a result of inherent comorbidities found in the 
elderly, any delay in diagnosis may negatively impact on 
patient outcome with mortality exceeding 20% [11].

Clinical Features of SBO in the Elderly

Symptoms of SBO are primarily determined by the anatomic 
level and degree of obstruction. These include nausea and 
emesis, abdominal distension, abdominal pain, and obstipa-
tion (lack of passage of stool or flatus). Proximal SBO is 
characterized by frequent vomiting of bilious material and 
dehydration early in the course of disease with relatively lit-
tle abdominal distension. With distal SBO, swallowed air 
and gastrointestinal secretions leads first to small bowel and 
abdominal distension. Only later do patients develop vomit-
ing, usually after bacterial overgrowth has resulted in a fecu-
lent character to the enteric content. Partial obstruction is 
accompanied by continued, though potentially diminished, 
passage of flatus or stool. Early complete obstruction may 
also be accompanied by seemingly normal bowel move-
ments, but eventually obstipation occurs.

Strangulation is notoriously difficult to detect reliably. 
Classic signs include fever, tachycardia, hypotension, and 
severe pain or focal tenderness which are especially unreli-
able in the elderly, whereby the inflammatory response may 
be muted. Similarly, an elevated white blood cell (WBC) 
count may be absent in the elderly patient. From a previous 
Mayo Clinic series [16], strangulation was present in 13% of 
patients operated for SBO and was most commonly seen 
with the etiologies of hernia and small bowel volvulus. Only 
52% of patients with strangulation had an elevated WBC 
count, and the mean WBC count for patients with strangula-
tion was just 2,000 cells/mm [3] higher than that observed 
for patients with simple obstruction.

Diagnostic Considerations for the Elderly

Symptoms of SBO are common presenting complaints of 
elderly patients. The differential diagnosis for abdominal 
pain, nausea, and vomiting includes gastroenteritis, food 

poisoning, pancreatitis, biliary colic, porphyria, diabetic 
ketoacidosis, intestinal ischemia, constipation, paralytic 
ileus, and intestinal pseudo-obstruction. Compounding this 
problem in the elderly are age-related concurrent comorbidi-
ties that have been shown in a recent large retrospective study 
to be attributed to misdiagnosis, delay in surgical evaluation, 
and increased mortality [39]. Among these diagnoses, SBO 
is fairly common. In a review of ER visits to a regional 
trauma center by patients over 65  years of age, 12% of 
patients presenting with nontraumatic abdominal pain were 
ultimately found to have SBO [40]. Patients should be asked 
about any history of abdominal surgery or SBO; and during 
the physical examination, evidence of abdominal wall her-
nias should be vigilantly elicited. Laboratory values that can 
aid in the diagnosis and management of these patients include 
a complete blood count (CBC), basic metabolic profile, and 
serum amylase. As the classic signs of strangulation are often 
absent in the elderly, a leukocytosis, elevated hematocrit, and 
blood urea nitrogen (BUN) levels are often seen as a conse-
quence of dehydration. Serum bicarbonate may be elevated 
because of loss of chloride-rich emesis and as part of a con-
traction alkalosis. These findings indicate a significant fluid 
deficit, which should be aggressively corrected upon initial 
presentation.

Diagnostic imaging is an important part of the evaluation 
of every patient with suspected SBO. Supine and upright 
abdomen and upright PA chest films are typically all that is 
required to confirm the diagnosis of complete SBO and to 
plan its treatment. Dilation of small bowel, paucity of colon 
and rectal gas, and air-fluid levels suggest complete SBO. 
Forty eight percent of patients with proven SBO will have 
abdominal plain films that are consistent with SBO [16]. 
This, of course, means that almost half of patients with SBO 
have equivocal or even normal plain films, with residual 
colonic or rectal gas.

When these films are not diagnostic of complete SBO, the 
decision has traditionally been to rely on the clinical exami-
nation and serial plain films. In our experience, as well as 
other CT scans has been useful in equivocal cases as an early 
diagnostic test [41] and alters management in up to 20% of 
patients [42]. Some centers have reported high accuracy of 
CT in identifying strangulation obstruction. A prospective 
evaluation of CT in 60 patients with high-grade SBO (with 
48% strangulation rate) showed that CT had 100% sensitiv-
ity and 61% specificity for detecting bowel ischemia [43]. 
The CT findings consistent with strangulation included 
bowel thickening and a high attenuation bowel wall on non-
enhanced CT and abnormal bowel wall enhancement and 
mesenteric fluid on enhanced CT. A similar series of 100 
patients from a different institution found a sensitivity of 
83% and a specificity of 93% [44]. In contradistinction to 
these studies, several studies have compared CT with plain 
radiography and have found only modest differences in the 
overall accuracy of these tests when evaluating the grade of 
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obstruction [45, 46]. CT also is helpful in patients with closed 
loop obstructions and patients who swallow little air and thus 
have a gasless proximal bowel, as these problems are diffi-
cult to detect on plain films. At our institution, contrast-
enhanced CT scans are not routinely used in the 
decision-making process except when the clinical history, 
physical examination, and plain films are not conclusive for 
a SBO diagnosis.

In our experience, CT scans are more likely to demon-
strate the cause of SBO, particularly when the obstruction is 
not secondary to adhesions. Current generation multidetec-
tor computed tomography or MDCT now permit high-qual-
ity reformatted images to be obtained in multiple planes 
which facilitate identification of the transition point and 
other findings in SBO: presence of a high degree of SBO and 
abnormal vascular course around the transition zone. 
Ultimately, MDCT may result in a paradigm shift toward 
earlier cross-sectional imaging in the elderly by its inherent 
ability to better predict the necessity for emergent surgery 
(i.e., ischemia) in the elderly when SBO is caused by adhe-
sions [47, 48].

Less often used diagnostic imaging modalities in the acute 
setting include ultrasonography [49–52] and MRI [53]. In 
the more subacute and chronic setting in patients with an 
intermittent or partial SBO, enteroclysis (small bowel enema) 
and small bowel follow-through may be useful [54, 55]. The 
passage of water-soluble oral contrast into the cecum within 
4 h after CT or small bowel follow-through, remains highly 
predictive of nonsurgical resolution of SBO [56, 57]. 
Interestingly, there have also been two randomized controlled 
trials examining whether water-soluble contrast speeds the 
resolution of partial SBO. Assalia et al. found a therapeutic 
benefit in terms of a shorter hospital stay in those patients 
receiving oral contrast with SBO from a variety of etiologies 
[58], whereas Feigin et al. reported no therapeutic benefit in 
patients with postoperative SBO [59].

A special case of the diagnostic dilemma between SBO 
and paralytic ileus may occur during the early postoperative 
period. At 1–6 weeks after abdominal surgery, inflammatory 
adhesion can be thick and highly vascular. For these reasons, 
the morbidity of reoperation can be considerable. Because 
these early adhesions are also in a fluid state of constant 
remodeling, there is also a good chance of resolution of even 
high-grade partial obstructions without surgical intervention. 
It therefore becomes even more critical to define the degree 
of obstruction in these patients to avoid the higher morbidity 
of reoperation. In such circumstances, MDCT scanning may 
prove more beneficial for accurately distinguishing these 
equivocal cases [47, 48]. In very selected cases, when persis-
tent partial SBO is a problem, endoscopic placement of a 
long intestinal tube may prove to be therapeutic and allow 
for a high-quality small bowel contrast study that more 
clearly characterizes the site of partial obstruction.

Initial Treatment

Surgery, like aviation, in itself is not inherently dangerous. But 
to an even larger degree than the air, it is terribly unforgiving of 
any carelessness, incapacity or neglect.

Peter K. Kottmeier, M.D., Chief of Pediatric Surgery, SUNY-
HSCB (1965–1999)

Inscribed on the entrance of the Peter K. Kottmeier Library, 
SUNY-HSCB

The traditional adage of “never let the sun set or rise on a 
small bowel obstruction” [16], in part, underscores the sever-
ity of this diagnosis, particularly in the elderly. Recently, 
however, this has been largely modified by a multifactorial 
assessment and approach that first considers the physiologic 
abnormality that has occurred since the onset of the SBO 
(i.e., hemodynamic status), type of SBO (partial, complete, 
strangulated), and patient comorbidities/performance status 
(cardiac, pulmonary, renal, malignancy).

Even the patient who clearly has a complete bowel 
obstruction benefits from initial nonsurgical measures includ-
ing proximal decompression, aggressive fluid resuscitation, 
and correction of electrolyte abnormalities. A Foley catheter 
is critical in the elderly to assess organ perfusion and fluid 
status. Generally, a nasogastric tube is adequate to decom-
press the gastrointestinal (GI) tract, but in some patients in 
whom a prolonged course of nonoperative management is 
contemplated, as for early postoperative SBO or the patient 
with multiple previous laparotomies or known severe adhe-
sions, a long nasointestinal tube may be considered.

Patients with complete SBO or with obvious signs of 
strangulation should be expeditiously resuscitated and then 
brought to the operating room. This strategy particularly 
applies to patients in whom the etiology is thought unlikely 
due to adhesions or neoplasm. In this case, not letting the sun 
rise or set, certainly applies. However, most patients admitted 
for an SBO do not fall into this category. Two-thirds to three-
fourths of patients with partial (primarily adhesive) SBO can 
be treated conservatively, with resolution of their acute epi-
sode [60–63]. In patients with a partial SBO, the duration of 
medical therapy continues to be a hotly debated issue. Recent 
series examining this question have consistently shown that 
partial SBOs that ultimately resolve generally do so within 
24–72  h. Delays beyond 48  h have been associated with 
increased morbidity in some series [63], whereas others have 
shown no increased morbidity with even longer delays [64].

The potential arguments against maintaining a nonopera-
tive approach are that the diagnosis of strangulation is inac-
curate [65] and the duration of medical treatment may be 
proportional to the incidence of strangulation or need for 
bowel resection and the subsequent higher incidence of 
complications. These concerns are particularly relevant in 
elderly patients. Adhesive SBO requiring surgery in elderly 
patients ultimately requires bowel resection in up to 50% of 
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cases [66], whereas only 8% of patients of all ages required 
bowel resection in the Mayo Clinic series [16]. In that series, 
among patients in whom strangulation was found, delays of 
more than 4 h from presentation to surgery were associated 
with higher morbidity rates. Much emphasized is the impor-
tance of the underlying etiology when determining the mor-
tality risk of delayed surgical intervention [16]. Data from the 
Mayo Clinic series showed that in the case of obstruction due 
to hernia, the time from presentation to operation was directly 
related to the mortality rate, but this relation with mortality 
did not exist for SBO caused by adhesions or malignancy.

We favor a selective approach in the elderly patient with 
SBO. The immediate strategy should be determined by con-
sideration of (1) the evidence for current bowel ischemia and 
(2) the presumed etiology of the SBO and degree of obstruc-
tion. Patients with two or more signs of strangulation, radio-
graphic signs of complete SBO, or both are operated on as 
soon as possible after adequate resuscitation is carried out. 
Nasogastric decompression and serial examinations are then 
planned for those in whom an adhesive SBO is likely. For 
those in whom the diagnosis of SBO is unclear or the etiology 
is in question, CT is performed. The longer-term strategy in 
patients initially treated nonoperatively should include both 
the above factors as well as (3) the likelihood of intraopera-

tive and postoperative complications. These factors should 
be weighed against the likelihood of success using continued 
nonsurgical management. Figure 63.6 shows our diagnostic 
and treatment algorithm for patients with SBO.

Surgical Treatment: General Principles

Preoperative antibiotic coverage to cover enteric organisms 
should be administered, as a number of cases involve bowel 
resection or inadvertent enterotomy. Although elderly 
patients are more likely to have underlying cardiovascular 
disease, increasing the risk of a perioperative cardiac event, 
invasive monitoring devices are rarely required. Hypotension 
upon induction of anesthesia should be avoided by attention 
to adequate preoperative fluid resuscitation often requiring 
3–4 L of intravenous isotonic crystalloid.

Laparotomy should be performed through a midline 
approach with at least part of the initial incision over virgin 
skin, if possible. Entry through the fascia is done with 
extreme care, avoiding the use of cautery, as transmitted heat 
can injure underlying bowel. Adhesions are usually stronger 
than the junctions between the small bowel muscle layers 
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Figure 63.6  Algorithm for management of small bowel obstruction in 
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nasogastric, LOA lysis of adhesions, SBR small bowel resection, LBR 

large bowel resection, NPO nil per os (nothing by mouth), IVF 
intravenous fluids, IBD inflammatory bowel disease.
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and the muscularis propria and submucosa, and this seems 
particularly true in the elderly patient. Sharp dissection with 
scissors or knife should therefore be performed to avoid 
seromuscular injuries. We generally lyse adhesions from the 
anterior abdominal wall first and then proceed to run the 
small bowel lysing adhesions as we progress from the termi-
nal ileum to the ligament of Treitz.

While running the bowel, the etiology of the SBO and 
local bowel viability are assessed. The commonly available 
parameters include bowel color, peristalsis, and mesenteric 
pulsations. Although clearly viable and clearly nonviable 
extremes are easy to identify, many gradations of color are 
difficult to judge, and assessment of ultimate viability is 
prone to error. Adjuncts to these methods continue to include 
Doppler flow probe assessment of mesenteric and antimes-
enteric blood flow [67, 68], intravenous fluorescein perfu-
sion [67, 69], and electromyography (EMG). Although these 
methods have their advocates, none has consistently been 
shown to have higher accuracy than “clinical judgment” 
using visual and manual inspection. Our general strategy is 
to resect questionable bowel if possible. If resection would 
result in less than 4–5 ft of clearly viable intestine, question-
able segments with the highest likelihood of viability should 
be left in situ with a planned “second-look” reoperation 
within 24–48 h.

To allow abdominal wall closure, frequently the bowel 
must be decompressed. This can be achieved with a long 
nasointestinal tube, but we favor gentle retrograde milking of 
the intestine toward the duodenum with fluid evacuation via 
a nasogastric tube. To minimize excessive distension and the 
risk of serosal tears, this process is first started in the mid-
jejunum. The proximal jejunal segment is then evacuated of 
luminal content. The process is then repeated starting pro-
gressively more distally on the bowel. Prior to closing the 
abdomen, the bowel loops should be laid back in the abdo-
men in gentle folds. Some have advocated the use of long 
intestinal tubes to act as stents, particularly in the patient 
with recurrent SBO or pervasive adhesions [70]. Another 
option gaining popularity is the application of hyaluronidase-
containing films to inhibit adhesion formation [71]. Clinical 
trial data (see section “Biological Barriers”) demonstrate 
safety and potential efficacy for reducing adhesions and 
adhesion-associated SBO.

Laparoscopic Treatment of SBO

Laparoscopic surgery has theoretic advantages over open 
surgery including decreased postoperative pain, reduced 
wound complications, decreased respiratory complications, 
and shorter hospital stay. These advantages are particularly 
attractive in elderly patients and have likely led to a decreased 

threshold for elderly patients seeking surgical management 
by a minimally invasive approach. Thus far the laparoscopic 
approach to SBO has not been widely accepted, although 
recent reports of SBO management using a laparoscopic 
approach have been documented [72–76]. The challenge for 
laparoscopy for treating SBO rests not in the diagnostic effi-
ciency which is between 60 and 100%, but the therapeutic 
efficacy which is generally low (40–88%). Not surprisingly, 
the conversion rate to laparotomy has been reported to be as 
high as 52%.

Several factors make laparoscopic treatment of SBO 
difficult and have prevented many surgeons from adopting 
this approach to SBO. Exposure can be problematic because 
of diffuse adhesions to the anterior abdominal wall and 
because distended bowel may have already increased the 
intra-abdominal pressure and decreased the volume of pneu-
moperitoneum that can be achieved. Therefore, it is generally 
best to use an open insertion technique and to select an initial 
insertion site remote from previous scars. Bowel distension 
should be minimized by preoperative nasogastric decompres-
sion, and in selected cases using a long intestinal tube prior to 
attempting laparoscopic treatment. Perhaps the most common 
reason for reluctance to use laparoscopy for SBO is a concern 
that treatment may ultimately require an extensive adhesioly-
sis or resection that is problematic to achieve laparoscopically. 
Therefore, proper patient selection is paramount before choos-
ing a minimally invasive approach. A recent Medline, Embase, 
Cochrane review from 1980 to 2007 identified predictive fac-
tors for a successful laparoscopic adhesiolysis which includes: 
£2 previous laparotomies, adhesions associated with appen-
dectomy, single adhesive band, early <24 h laparoscopic man-
agement from onset of symptoms, no peritonitis, and surgical 
expertise [73].

The laparoscopic approach is particularly attractive for 
adhesive SBOs where there is a single adhesive band. 
Conventional laparotomy is recommended for malignant 
SBOs and hernia-related SBOs, where there is a high rate of 
strangulation. The general principles of the laparoscopic 
approach are similar to those of the open approach. 
Adhesions are dissected sharply, and after adhesiolysis the 
bowel is inspected from the ileocecal valve to the ligament 
of Treitz.

Although one-half to two-thirds of patients may be treat-
able laparoscopically, one must anticipate a high conversion 
rate to open laparotomy; moreover, the mastery of laparo-
scopic skills is essential. A study by Bailey et al. compared 
SBOs treated in two surgical units, one with a special interest 
in laparoscopy [77]. The laparoscopy unit attempted laparo-
scopic treatment in 80% of SBOs, and among those cases, 
they completed treatment laparoscopically in 56%. The lap-
aroscopically treated patients left the hospital 5 days earlier 
than the open procedure patients, but they also had a higher 
rate of unplanned reoperation (14% vs. 5%).
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In 2010, the safety and efficacy of diagnostic laparoscopy 
for SBO appears well established from retrospective stud-
ies, whereas laparoscopic adhesiolysis requires careful 
patient selection with an operative plan that includes 
converting to an open approach if extensive adhesions or 
nonadhesive causes are encountered. Ultimately, prospec-
tive randomized trials assessing all clinically relevant 
outcomes are needed.

Outcomes of Treatment of SBO

Most studies of the outcomes of treatment of SBO have 
centered on traditional surgical outcomes, such as periop-
erative mortality, survival, and postoperative complications. 
Increased age is a risk factor for mortality from SBO 
(Fig. 63.4). Perioperative mortality is also related to the eti-
ology of the SBO. For example, SBO with a malignant etiol-
ogy has an in-hospital mortality of 21% and a median 
survival of 6 months compared to a 4–5% mortality risk for 
hernia and adhesive etiologies. Similarly, a large prospec-
tive experience by Miner et  al. from Memorial Sloan 
Kettering [78] showed that the potential benefits of pallia-
tive surgery are minimized by the inherent morbidity (29%) 
and mortality (11%) of these procedures. Of note, delay 
from symptom onset to presentation is not generally related 
to mortality risk except in the case of hernias, where there is 
also a higher risk of strangulation; overall in-hospital 
morbidity is 30% but is increased in patients with strangula-
tion to 60%.

As adhesions represent the most common cause of SBO 
in the elderly, identifying pertinent risk factors for adverse 
outcome following surgery for adhesion-associated SBO 
may provide the clinician with important information for 
stratifying the risk-to-benefit ratio for clinical decision mak-
ing especially in the more concerning elderly population. 
A recent VA National Surgical Quality Improvement Program 
developed a morbidity and mortality risk index assessment 
based on a cumulative score that predicts the probability of 
an adverse outcome [79]. Not surprisingly, the odds of mor-
tality in a patient 70–79 years of age are increased by a factor 
of 1.855 compared to a patient younger than 50  years. 
Similarly, better outcomes are associated with adhesiolysis 
only, compared to bowel resection.

Attempts were also made to ascertain the longevity of 
treatment of SBO. Specifically, for patients treated nonsur-
gically, the likelihood and timing of recurrence, and how 
this compares to patients treated surgically? These questions 
were largely addressed from a state-wide longitudinal popu-
lation-based outcome analysis derived from 32,583 hospital-
ized patients (mean age 63 years) admitted with a diagnosis 
of SBO (index admission). From this study, Foster et  al. 

[63], showed that in California, from data derived from 
patients hospitalized in 1997, SBO was primarily managed 
nonoperatively in 76% of these patients. Of the patients that 
underwent operative management (24%), there was a longer 
length of stay, lower mortality rate, fewer SBO readmis-
sions, and longer time to readmission. In general, patients 
who did not have operations were usually older and with 
more comorbidities. However, regardless of the treatment, 
81% of patients had no subsequent SBO requiring readmis-
sion over the 5-year study follow-up period. Similarly, 
Landercasper et al. [80] retrospectively reviewed 309 con-
secutive patients with SBO and followed them for recur-
rence [55]. The SBOs recurred in 34% by 4  years and in 
42% by 10 years. Those who were operated on had a lower 
recurrence rate (29%) than those who were treated nonop-
eratively (53%). Among those who had surgery, recurrences 
differed by etiology: malignant (56%), adhesive (28%), and 
hernia (0%). In this study, the number of prior obstructive 
episodes was not a risk factor for recurrence. However, 
Fevang et al. [81] retrospectively studied 500 patients with 
adhesive-associated SBO (ASBO) for up to 40  years for 
recurrence [56]. They found that the cumulative recurrence 
rate for patients operated once for ASBO was 18% after 
10 years and 29% at 30 years. The likelihood of a recurrent 
ASBO was highest within 5 years after the previous one, but 
a considerable risk was still present 10–20  years after an 
ASBO episode.

In addition to recurrence risk, treatment choice affects the 
cost of care and utilization of health-care resources. The 
costs of caring for patients with SBO are considerable. From 
a Swedish study, 60% of all bowel obstructions were due to 
adhesions; 65% of them required more than a 1-day hospital 
stay, and 45% of these required surgery. Calculating direct 
costs and extrapolating these data, $13 million are spent on 
adhesive SBO in Sweden (a country of 8.5 million popula-
tion) annually [82]. In many cases, treatment choice is deter-
mined solely by the initial clinical presentation. Either the 
decision to undergo surgery occurs early or an initial short 
duration of medical management results in rapid clinical 
improvement and resolution of the SBO. However, in patients 
with high-grade partial obstruction likely due to adhesions, 
an early decision to treat surgically is likely to have a favor-
able clinical outcome but may result in a longer hospital stay 
and higher cost of care compared to a nonsurgical approach. 
As one might expect, retrospective analysis of patients 
treated medically and surgically show that surgically treated 
patients have clinical outcomes similar to those treated medi-
cally but with longer lengths of stay [17]. The additional 
costs of care in patients ultimately treated surgically may be 
as much as eight times higher than nonsurgically treated 
patients. This differential makes tests with improved diag-
nostic accuracy such as CT or MDCT more cost-effective for 
questionable partial SBO [83].
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Biological Barriers

Barriers are biosynthetic membranes or gels that have been 
shown to be effective in decreasing surgically induced adhe-
sions. One of the first prototypes that was successful in 
reducing postoperative adhesions in humans was Interceed® 
which was composed of modified oxidized regenerated cel-
lulose. This particular barrier was found to be applicable fol-
lowing gynecologic procedures; however, its use in general 
surgical procedures is unknown. Another type of biological 
barrier is expanded polytetrafluoroethylene (PTFE). This 
was shown to prevent pelvic adhesions. However, PTFE was 
not cost-effective or bioabsorbable and required a large piece 
of material and suturing to keep it in place for adhesion 
prevention.

To date, the most efficacious barrier is a hyaluronan and 
carboxymethylcellulose bioresorbable membrane called 
Seprafilm®. The mechanism of action of adhesion prevention 
is believed to occur by one of the components known as 
sodium hyaluronate. It is believed to improve peritoneal 
healing by increasing the proliferation of mesothelial cells 
and facilitating their detachment and migration thereby lead-
ing to the restoration of the mesothelial lining within the 
peritoneal cavity. It is also thought to increase the fibrinolytic 
response of mesothelial cells which may aid in adhesion 
prevention.

Seprafilm® is typically prepared as a membranous sheet 
that is applied over potential sites of ahesion formation, (e.g., 
traumatized tissue), prior to closure following an abdominal 
surgical procedure. Placement of the membrane requires that 
the peritoneal cavity, as well as the instruments and gloves 
used to handle the barrier be as dry as possible. Approximately 
1–2 cm of the membrane should be exposed from its holder 
prior to application. When entering the abdominal cavity the 
membrane can be curved or slightly folded to facilitate place-
ment over the desired area. To ensure adequate adherence to 
the tissue a dry instrument or gloved hand can be used to 
gently press down on the membrane. Seprafilm® should be 
sufficiently placed over the margins of the incision or surgi-
cally traumatized tissue and overlapped to achieve sufficient 
coverage. Importantly, a bowel anastomosis should not be 
wrapped with Seprafilm® as this practice has been associated 
with adverse events. Seprafilm® slowly resorbs within 7 days 
of placement and is fully excreted by 28 days.

Seprafilm® was evaluated in a number of prospectively, 
randomized, controlled, multicenter studies and consistently 
demonstrated overall safety [84–89] (Table 63.2). The larger 
clinical trials did show a significant reduction in the forma-
tion of adhesions and adhesion-associated SBO [84–89] 
(Table 63.3). These barriers potentially provide an excellent 
form of adjunctive therapy for preventing postoperative 
adhesions which is the number one cause of SBO, not only 
in the elderly but also in the general population.

Table 63.2  Seprafilm® safety and efficacy for small bowel obstruction

References
Number  
of patients

Patient/ 
disease cohort

Occurrence of ASBO 
(Seprafilm vs. no Seprafilm)

Reoperation of ASBO 
(Seprafilm vs. no Seprafilm)

Complications (Seprafilm 
vs. no Seprafilm)

Becker et al. [84] 183 Ulcerative colitis/FAP 42 85 NR NR   82   86
Diamond et al. [85] 127 Uterine fibroids 27 54 NR NR NR NR
Beck et al. [86] 1,791 IBD NR NR NR NR 249 223
Fazio et al. [87] 1,791 IBD 15 29 8 4 249 223
Kusunoki et al. [88] 62 Rectal cancer   2   5 1 3 NR NR
Hayashi et al. [89] 150 Gastric cancer   4   7 0 1   23   22
ASBO adhesive small bowel obstruction, IBD inflammatory bowel disease, NR not recorded

Table 63.3  Seprafilm® reported clinical trial statistical outcomes

References
Occurrence of ASBO (Seprafilm  
vs. no Seprafilm p-value)

Complications (Seprafilm  
vs. no Seprafilm p-value)

Becker et al. [84] p < 0.00000000001 p > 0.05
Diamond et al. [85] p < 0.0001 NR
Beck et al. [86] NR P < 0.05a

Fazio et al. [87] p < 0.05 NR
Kusunoki et al. [88] p = 0.220 NR
Hayashi et al. [89] p = 0.534 p = 0.722
ASBO adhesive small bowel obstruction, NR not recorded
a Overall complication
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Summary

Small bowel obstruction is a common pathological process 
that can occur in any patient population. Its effects, however, 
are devastating in the elderly and warrants prompt appropri-
ate management. Utilization of a thorough clinical history, 
physical examination, and investigative studies provide the 
necessary information to determine a diagnosis and direct 
the next step in treatment. Immediate aggressive resuscita-
tion is required with monitoring of hemodynamic parameters 
especially in older patients because of their limited physio-
logic reserve and comorbidities.

Based on the type of SBO, a trial of conservative manage-
ment may be initiated or definitive surgery may be performed. 
Either, the standard open laparotomy or minimally invasive 
surgical technique may be used dependent on surgeon expe-
rience, patient stability or underlying cause. Recent develop-
ments of biosynthetic products have made a positive impact 
in the management of SBO that help in the prevention of 
surgically induced adhesions in the elderly.
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Introduction

Lower gastrointestinal bleeding is a commonly encountered 
surgical problem that increasingly affects the elderly. This is 
not surprising given that the two most commonly cited causes 
of lower gastrointestinal bleeding, diverticula and arterio-
venous malformations (AVMs) have an increasing incidence 
with increased age. One large population-based study found 
that the incidence of acute lower gastrointestinal hemorrhage 
increased over 200-fold from the third to ninth decades of 
life [1] with an incidence of 500 episodes per 100,000 people 
per year in the elderly population. Increased age has also 
been demonstrated to be an independent predictor of both 
increased length of stay as well as cost of hospitalization in 
resource utilization studies [2].

The goals of therapy for an elderly patient presenting with 
a lower gastrointestinal bleed are the same as those for a 
younger patient: resuscitation and stabilization, localization 
of the bleeding source, and definitive therapy. However, 
elderly patients do merit special consideration. Comorbidities 
are common and can translate into adverse outcomes in 
elderly surgical patients [3]. Polypharmacy often includes 
antiplatelet agents such as aspirin or other anticoagulants such 
as warfarin which may impact the severity of gastrointestinal 
hemorrhage. Impairments in nutrition, cognition, and func-
tional status may also be present to various degrees and should 
be considered in the assessment of any geriatric patient.

Etiology

Gastrointestinal changes associated with aging include pro-
longed intestinal motility, mucosal atrophy, and sequelae of 
atherosclerosis and decreased splanchnic blood flow. 

Diverticular disease and vascular ectasias, both acquired 
lesions related to aging, account for the majority of cases of 
lower gastrointestinal bleeding in elderly patients. Other 
conditions causing intestinal bleeding to which the elderly 
are predisposed include ischemic colitis and neoplasms.

Diverticula

In most large case series, diverticular bleeding is the leading 
etiology of lower gastrointestinal bleeding (see Table 64.1) 
[1, 4–15]. Colonic diverticula are false or pulsion diverticula 
comprised of mucosa and serosa outpouching in areas where 
the colonic wall is inherently weaker – at the entrance points 
of the vasa rectae (see Fig.  64.1). These vessels penetrate 
through the muscular wall of the colon to supply the colonic 
muscosa. It is rupture of these vasa rectae that account for 
diverticular bleeding (see Fig.  64.2). Displacement of the 
vessel by the enlarging diverticulum and subsequent vessel 
rupture causes hemorrhage into the diverticulum [16]. Colonic 
diverticula are quite common in Western societies, affecting 
at least one half of the elderly population. It accounts for 
17–67% of all lower gastrointestinal bleeding (see Table 64.1) 
and an estimated one third of cases of lower gastrointestinal 
bleeding in the elderly [8, 11, 17]. The estimated lifetime risk 
of bleeding caused by diverticular disease ranges between 
4–48% [18]. The largest literature review to date, examining 
over 6,000 cases, placed the estimated risk of significant 
lower gastrointestinal bleeding from diverticulosis to be 17% 
[19]. The relative risk for diverticular bleeding is increased 
for regular users of NSAIDS and acetaminophen [20].

While diverticula are most commonly found on the left 
colon, they can occur throughout the colon, and there is a 
greater propensity for bleeding to occur on the right side of 
the colon [21]. Typically, diverticular bleeding is painless 
and abrupt in onset. It resolves spontaneously in an estimated 
80% of patients [22]. Severity of bleeding can be minimal or 
massive and life-threatening. Approximately, one third will 
require blood transfusion and/or invasive evaluation while 
5% ultimately require surgical intervention [18].
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Table 64.1  Etiology of lower gastrointestinal bleeding

Author

Mean age Etiology %

Years Diverticular AVM Cancer/polyp Colitis/ulcer Anorectal Other Unknown

Al Qahtani (2002) 70 38 10 2 8 3 3 35
Chaudry (1998) 75 22 12 13 34 18 0.01 0
Czymek (2008) “>65” 66 7 2 5 19 0 0
Green (2005) 70 67 6 3 10 0 0 14
Jensen (1988) 65 17 30 11 9 0 27 6
Kaplan (2001) 73 23 7 20 14 0 11 24
Kok (1998) 63 29 2 9 26 8 5 21
Leitman (1989) 63 33 30 11 13 2 11 0
Longstreth (1997) 67 42 3 9 15 4 14 12
Richter (1995) 70 47 12 11 6 3 7 14
Rios (2005) 80 42 16 7 2 9 5 19
Strate (2003) 66 30 3 13 25 12 9 9
Schmulewitz (2003) 67 35 3 10 14 12 6 23
Source: Data from refs: [1, 4–15]

Arteriovenous Malformations

Arteriovenous malformations (AVMs), also known as vascu-
lar ectasias or angiodysplasias, are degenerative lesions that 
can occur anywhere in the gastrointestinal tract. They are 
postulated to be caused by chronic, intermittent, low grade 
obstruction of submucosal veins leading to dilation and tor-
tuosity of submucosal veins, then venules, capillaries, and 
finally arteries. Ultimately, as precapillary sphincters lose 
their competency, small arteriovenous communications form 
(see Fig. 64.3) [22]. Within the colon, they are more com-
monly found within the right colon, particularly in the cecum 

[23, 24]. It is postulated that the increased wall tension found 
in the cecum as determined by Laplace’s Law explains the 
greater incidence of cecal AVM [25]. An estimated 15% of 
all massive lower gastrointestinal hemorrhage is attributed to 
AVM [26] with case series reporting rates from 2 to 30% (see 
Table 64.1). More commonly, the bleeding is subacute and 
stops spontaneously, but with a high rate of recurrence – at 
least 25% in most series [27].

Colitis

Inflammatory bowel disease has a bimodal peak incidence 
with a second peak incidence in the seventh decade. Both 
Crohn’s disease and ulcerative colitis can manifest as bloody 
diarrhea. The incidence of massive lower intestinal bleeding 
attributed to inflammatory bowel disease varies, ranging 
from 2 to 34% (see Table 64.1).

Ischemic colitis is a condition characterized by impaired 
perfusion of the colon, typically at the “watershed” areas of 
the vascular supply such as at the splenic flexure where the 
distribution of the superior mesenteric artery and inferior 
mesenteric artery overlap. It is typically a multifactorial pro-
cess and predominantly a diagnosis of the elderly. Patients 
often present with bloody diarrhea and abdominal pain. The 
diagnosis is often made based on clinical presentation. CT 
scan may be suggestive of colitis. The definitive diagnosis is 
often made at the time of endoscopy, where mucosal ischemia 
is evident. Treatment is often supportive with bowel rest, fluid 
resuscitation and intravenous antibiotics. Patients who pres-
ent with pneumoperitoneum or peritonitis are manifesting 
signs of bowel infarction and necrosis and warrant urgent 
laparotomy. While bloody diarrhea is a hallmark of ischemic 
colitis, it is an unlikely source of massive blood loss.

Figure 64.1  Endoscopic view of colonic diverticula. Bowel lumen is 
visible on the right with wide-mouthed diverticula seen on the left.
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Figure 64.2  Acquired colonic diverticula. Increased intraluminal pres-
sure causes herniation of mucosa and muscularis mucosa through inher-
ently weak sites of the bowel wall where vasa recta pierce the muscularis 

propria between the teniae coli. Hemorrhage occurs when the vessel 
ruptures either into the dome or neck of a diverticula.

Figure 64.3  Proposed concept of the development of vascular ectasias. 
(a) Normal state of vein perforating muscular layers. (b) With muscular 
contraction or increased intraluminal pressure, the vein is partially 
obstructed. (c) After repeated episodes over many years the submu-
cosal vein becomes dilated and tortuous. (d) Later the veins and venules 

draining into the abnormal submucosal vein become similarly involved. 
(e) Ultimately, the capillary ring becomes dilated, the precapillary 
sphincter becomes incompetent, and a small arteriovenous communi-
cation is present through the ectasia. (From Boley et  al. [23] with 
permission).
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Neoplasia

Neoplasms typically present with more insidious blood loss 
and anemia, and do not ordinarily cause major hemorrhage. 
However, the passage of blood per rectum in an elderly patient, 
especially in the setting of anemia, needs to be evaluated com-
pletely in order to exclude malignancy, even in the presence of 
more benign anorectal pathology such as internal hemor-
rhoids. Classically, right-sided colon cancers present with 
insidious weakness and anemia, left-sided colon cancers pres-
ent with obstruction, and rectal cancers present with more 
bright red blood per rectum and sometimes a palpable mass on 
rectal exam. While massive hemorrhage is uncommon, it can 
account for up to 2–20% of lower gastrointestinal bleeding 
(see Table 64.1). It is an important diagnosis to exclude since 
surgical intervention is often a mainstay of treatment either for 
curative intent or even in advanced, palliative settings.

Initial Assessment

The fundamental principles guiding the management of 
acute lower gastrointestinal bleeding remain the same for 
nonelderly and elderly patients: initial resuscitation, local-
ization of bleeding site, and definitive therapeutic interven-
tion (see Fig. 64.4).

After initial assessment of hemodynamic stability, resusci-
tation efforts should begin with intravenous fluid resuscitation 
via large bore peripheral access. A foley catheter is useful in 
recording strict intake and outtake levels including the urine 
output – a commonly used indicator of adequate volume 
resuscitation. Additional monitoring with a central venous 
pressure (CVP) monitor may be of particular use in the elderly 
patient. Cardiac function in the elderly is characterized by a 
number of significant alterations. Both the chronotropic and 
inotropic response of aged myocardium to adrenergic stimuli 
are blunted [28]. As a result, both the maximal heart rate and 
increase in ejection fraction in response to stress are depressed 
[29]. In addition, due to preexisting comorbidities, the elderly 
patient may also be taking beta blockers which could impair 
their tachycardic response to hypovolemia. Older persons are 
thus more dependent upon preload to maintain cardiac output 
in the face of increased demand, making them especially sen-
sitive to the dangers of hypovolemia [30]. Adequate fluid 
resuscitation is therefore of paramount importance in the 
elderly patient who presents with gastrointestinal bleeding.

An adequate history and physical exam may help in 
identifying the etiology of the gastrointestinal bleed. In an 
elderly patient with impaired cognition or memory lapses, 
communication with the patient’s primary physician or ger-
iatrician and family members may provide additional cru-
cial information. An important aspect of the history-taking 

is the discovery of use of any anticoagulant or antiplatelet 
medications. Warfarin toxicity precipitating intestinal 
bleeding may be amenable to treatment with reversal 
through transfusion of clotting factors. While NSAID use is 
more typically associated with upper gastrointestinal bleed-
ing, it can contribute to lower gastrointestinal bleeding as 
well and has been associated in some series, with an 
increased need for blood transfusion [31]. History of past 
episodes of gastrointestinal bleeding from either an upper 
or lower source should also be elicited. Symptoms such as 
abdominal pain may be more indicative of an inflammatory 
process such as ischemic colitis or inflammatory bowel dis-
ease. Associated tenderness on physical exam, especially 
when coupled with leukocytosis on labarotory studies, may 
warrant further study with imaging modalities such as a CT 
scan, which are not necessarily considered a standard diag-
nostic tool in patients presenting with presumed lower gas-
trointestinal bleeding.

Excluding the possible diagnosis of an upper gastrointes-
tinal bleed is then the next priority in the management algo-
rithm. Brisk blood loss from an upper gastrointestinal source 
can manifest as apparent bright red blood loss via the rectum 
in part due to the cathartic effect of the blood itself. Up to 
15% of cases of presumed lower gastrointestinal bleeding 
are actually found to be due to upper gastrointestinal sources 
[32]. Discriminating between an upper and lower source of 
bleeding can be accomplished typically either with a naso-
gastric lavage or upper endoscopy. Bilious, nonbloody naso-
gastric aspirate typically ensures a lower intestinal source. 
Nonbilious aspirates are equivocal and should be further 
evaluated with upper endoscopy.

Rigid proctosigmoidoscopic or anoscopic evaluation is 
also recommended to rule out potential anorectal sources. If 
an anorectal source such as hemorrhoids or anal fissure is 
found, then management is the same as for the general popu-
lation. Stable patients with minimal symptoms may respond 
to conservative management with hydration, fiber bulking 
agents and stool softeners, since these processes are typically 
associated with constipation and straining. Actively bleeding 
hemorrhoids, especially in the face of anticoagulation, may 
require immediate therapy with either banding ligation or 
formal hemorrhoidectomy.

Diagnosis and Treatment

Attempts to isolate colonic etiologies of gastrointestinal 
bleeding typically begin with either a colonoscopic evalua-
tion or tagged red cell nuclear medicine study. Most patients 
who present with lower gastrointestinal bleeding have 
stopped actively bleeding by the time they present to the 
hospital for further evaluation.
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Colonoscopy

Colonoscopy is a vital diagnostic and potentially therapeu-
tic tool in the management of patients with lower gastroin-
testinal bleeding. It is the study of choice for patients in 
whom bleeding has slowed or ceased, and its role in the ini-
tial evaluation of actively bleeding patients is increasingly 
advocated as well. The diagnostic yield varies from 45 to 

97% (see Table  64.2) [4, 5, 7, 8, 12, 14, 15, 17, 33–44]. 
Positive localization of bleeding by endoscopy typically 
depends on visualization of either active bleeding or stig-
mata of recent blood loss such as adherent clot, oozing, or 
presence of a visible vessel.

A number of studies have demonstrated that colonoscopy 
can be safely and successfully performed in the elderly, with 
morbidity rates similar to that of the general population [45–47].  

History and physical 
Aggressive fluid resuscitation: large-bore perhipheral IVs, foley catheter, consider CVL
Type and cross, laboratory studies including hematocrit, platelets, coagulation, albumin 

Nasogastric lavage with bilious return or EGD to rule out upper GI source
Anoscopy and/or rigid proctosigmoidoscopic exam to rule out anorectal source

If positive, treat accordingly

Colonoscopy with or without bowel preparation

Bleeding visualized

Treat accordingly 

Bleeding continues or patient rebleeds

Consider angiography

Bleeding continues or
patient rebleeds

Bleeding ceased/slowed Massive bleeding 

Angiography

Negative Positive Negative Positive

Observe 

Consider repeat 
colonoscopy 

Observe 

Consider repeat
colonoscopy

Superselective
embolization

Poor visualization

Nuclear scan

Bleeding 
continues/rebleeds

Surgery

Segmental
resection

Bleeding 
localized

Bleeding not localized preoperatively

Consider intraoperative localiation with
endoscopy in stable patient 

Bleeding localized

Subtotal colectomy

Bleeding not localized 

Segmental resection Subtotal colectomy

Figure 64.4  Management algorithm for lower gastrointestinal bleeding in the elderly patient.
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Tolerance of sedation in this patient population should be given 
extra consideration since the elderly are more sensitive to and 
require less sedative compared to younger patients with similar 
body mass index [48]. The American Society for Gastrointestinal 
Endoscopy [49] guideline for endoscopic practice in the elderly 
recommends lower initial doses of sedatives and more gradual 
titration with intensified monitoring when dealing with elderly 
patients [50]. Careful monitoring with pulse oximetry and aspi-
ration precautions and suctioning should be implemented.

Use of a colonic purge, usually in the form of GoLYTELY 
(Braintree Laboratories, Inc., Braintree, MA), has been a topic 
of some debate. The use of bowel preparation is fairly common 
and appears to be well tolerated when given as either a rapid 
purge (GoLYTELY given via nasogastric tube over 1 h) [8] or 
more slowly (GoLYTELY administered as 4  ounces every 
5 min until clear) [17]. While studies have shown the safety of 
colon purge, even in the setting of acute bleeding [17], others 
argue that any prep may be unnecessary due to the cathartic 
effect of the blood itself. Proponents of early colonoscopy in 
an unprepped colon have reported accurate identification of 
bleeding sources in 76–97% of cases [5, 41].

The therapeutic potential of colonoscopy makes it espe-
cially appealing in the management of lower gastrointestinal 
bleeding, especially in elderly patients whose performance 
status may place them at a higher operative risk. Colonic 
AVMs or angiodysplasias are particularly amenable to endo-
scopic treatment. After a bleeding AVM is identified at 
colonoscopy, an attempt is made to stop the bleeding with 

coagulation by heater probe, bipolar coagulation, or Nd:YAG 
(Neodymium:Yttrium aluminum garnet) laser therapy. 
Injection of vasoconstrictors such as epinephrine, may also 
be used. Success rates of 68–87% have been reported [36, 
51, 52]. Endoscopic therapy has become first-line therapy 
for hemorrhage from angiodysplasia, especially in the 
elderly [53]. Rates of rebleeding vary and range from 13 to 
53% [18, 52, 54]. Rebleeding is often amenable to repeat 
endoscopic treatment although surgery may be necessary in 
some patients. Surgical considerations will be discussed 
later in this chapter. Complications have been reported after 
endoscopic coagulation and include risk of perforation in 
approximately 2% of patients [55].

Endoscopic coagulation of hemorrhage from diverticulo-
sis had not been considered feasible in the past; however, 
some small series have reported successful endoscopic coag-
ulation of bleeding diverticula [37, 56]. It is now reasonable 
to consider colonoscopy as a plausible approach to this com-
mon cause of lower gastrointestinal hemorrhage.

Patients in whom endoscopic evaluation is not feasible 
may benefit from further study with a nuclear medicine 
bleeding scan or mesenteric angiography.

Radionuclide Scintigraphy

A nuclear medicine bleeding scan utilizes technetium-99m 
(99mTc)-labelled sulfur colloid or red blood cells as the 
imaging tracer for radionuclide scanning. Sulfur colloid 
marker can be prepared immediately and is rapidly cleared 
from the circulation; however, rapid uptake in the spleen, 
liver, and bone marrow can impair localization of bleeding 
sites. The use of tagged red cells requires some prep time, 
but the longer half-life of the tracer allows for repeated imag-
ing study that may detect recurrent bleeding.

Both modalities are quite sensitive for the detection of 
active lower GI bleeding at rates as slow as 0.1 ml/min (see 
Fig. 64.5) [57]. While the sensitivity of radionuclide imaging 
for detecting bleeding is widely accepted, the accuracy rates at 
localizing bleeding are quite variable (see Table 64.3) [58–65]. 
There are studies that report radionuclide scanning accurately 
localized active bleeding in over 90% of patients who subse-
quently underwent surgical resection [66]. These results are 
not uniform, however, and other studies have shown that when 
used as a single localizing modality, 42% of patients had an 
incorrect resection when surgery was based on radionuclide 
scanning alone [61]. Recognizing this variable accuracy rate, 
most surgeons will prefer to perform a confirmatory study 
before proceeding with a segmental resection based on radio-
nuclide scintigraphy alone. In fact, some advocate that the role 
of radionuclide scanning is to function as a screening test to 

Table  64.2  Colonoscopy for the diagnosis of lower gastrointestinal 
bleeding

Study Number of patients
Number of positive  
studies (%)

Al Qahtani 152 45
Angtuaco 39 74
Caos 35 69
Chaudry 85 97
Dell’Abate 80 86
Goenka 166 85
Green 50 96
Gupta 32 84
Jensen (1988) 80 74
Jensen (2000) 121 96
Lin 55 67
Machicado 100 74
Ohyama 345 89
Richter 78 90
Rossini 409 76
Schmulewitz 415 89
Strate 144 89
Tada 206 89
Vellacott 21 95
Wang 205 95
Source: Data from refs: [4, 5, 7, 8, 12, 14, 15, 17, 33–44]



81364  Lower Gastrointestinal Bleeding in the Elderly

select patients for angiography. The noninvasive, sensitive 
radionuclide study can select out patients with active bleeding 
who may benefit from the more invasive, but potentially thera-
peutic angiogram. This is an area of some debate. The argu-
ment in favor of utilizing screening radionuclide scanning is 
that it increases the yield of positive angiograms following a 
positive radionuclide scan. One study demonstrated an increase 
from 22 to 53% in angiography yield when screening radionu-
clide scans were used [67]. Other studies, however, failed to 

demonstrate any increase in rate of positive angiograms when 
radionuclide scanning was used to screen patients [58, 68].

Mesenteric Angiography

Selective mesenteric angiography utilizes a percutaneous 
femoral artery catheter to inject radiocontrast dye to allow 
angiographic visualization of the celiac, superior mesenteric, 
and inferior mesenteric arterial systems. Active gastrointesti-
nal bleeding is visualized as contrast extravasation into the 
bowel lumen (see Fig. 64.6). It is less sensitive than radionu-
clide scintigraphy, with an active bleeding rate of at least 
1.0 ml/min required for detection [69]. Bleeding detection 
rates with angiography vary from 27 to 86% (see Table 64.4) 
[11, 66, 68, 70–74].

Figure 64.5  99mTC-labelled RBC scan images demonstrating tracer 
uptake at the hepatic flexure suggestive of active bleeding.

Table 64.3  Radionuclide imaging for the detection of bleeding

Study Numberstudies % Positive % Correct

Bentley 162 60 52
Bunker 100 41 93
Gutierrez 105 40 88
Hunter 203 26 41
Kester   62 60 82
Levy 287 70 47
McKusick   80 64 83
Suzman 224 51 78
Source: Data from refs: [58–65]

Figure 64.6  Mesenteric angiogram showing contrast extravasation at 
the hepatic flexure suggestive of active bleeding.
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Positive studies may guide segmental resection in patients 
who require surgery. Angiography has the additional benefit 
of being a potentially therapeutic as well as diagnostic inter-
vention. When active bleeding has been identified and the 
bleeding site localized, transcatheter vasopressin or embo-
lization may be utilized to try to stop the bleeding. 
Vasopressin acts as a vasoconstrictor and is typically infused 
at a rate of 0.2–0.4 units/min. If bleeding is controlled, infu-
sion continues for an additional 12–24 h before repeat study 
and catheter removal. Small series report success rates 
approaching 90% in controlling hemorrhage utilizing this 
method [75, 76]. Reported rebleeding rates are not insignifi-
cant, ranging from 18 to 57% [77–79]. Infusion of vasopres-
sin should be approached with extreme caution, especially 
in the elderly population. Systemic absorption of the vas-
constrictor can potentially precipitate myocardial ischemia 
or peripheral ischemia. Severe coronary artery disease or 
peripheral vascular disease is considered a contraindication 
to its use. Other potential complications of vasopressin infu-
sion include hypertension, arrhythmias, hyponatremia, mes-
enteric thrombosis, and bowel infarction [18].

Another angiographic modality for controlling bleeding 
is embolization. Historically, early use of transcatheter 
therapy for colonic bleeding was discouraged due to high 
rates of colonic infarcts. With the advent of superselective 
embolization therapy and subsequently lower complication 
rates, this technique is now widely used. When active bleed-
ing is identified, the catheter is advanced as far distally as 
possible utilizing even smaller microcatheters. Superselective 
embolization of individual vessels may then be possible 
using a variety of agents (microcoils, polyvinyl alcohol par-
ticles, and gelfoam). This approach has been used with suc-
cess for lower gastrointestinal bleeding from a variety of 
sources including the most common etiologies, namely 
diverticulosis, angiodysplasia, ulcers, and malignancy [78] 
and may be an appropriate treatment option for elderly 
patients with significant comorbidities and moderate to high 
operative risk. Reported success rates for superselective 
embolization of active colonic hemorrhage range from 50 
to 90%, with rebleeding rates of 10–35% [76, 77, 80–83]. 
Approximately 20% of patients may have complications 

from the procedure, including abdominal pain, intestinal 
ischemia or rarely, intestinal infarction. Late complications 
of intestinal stricture secondary to ischemia have also been 
reported.

Angiography may also function as a guide or bridge to 
surgery. In cases where bleeding has been localized but not 
controlled, surgery in the form of a segmental resection is 
indicated. Even temporary control via embolization may be 
beneficial. If for instance, a large AVM unamenable to com-
plete embolization due to multiple feeding arteries is encoun-
tered, angioembolization may provide initial temporary 
cessation of bleeding, allowing for stabilization of the patient 
and optimization for definitive surgical treatment. A segmen-
tal colon resection can then be offered to the stabilized 
patient. In this manner, an emergency surgery situation with 
its inherent high morbidity and mortality is converted into a 
more elective and thereby safer surgical situation. Surgical 
intervention will be addressed in the following section.

Surgery

Indications for surgery in patients with lower gastrointestinal 
bleeding typically include: hemodynamic instability, persis-
tently active bleeding, recurrent bleeding, and significant 
transfusion requirements typically stated as more than six 
units of packed red blood cells in a 24-h period [49]. With 
these guidelines in mind, one should also consider that 
because of the diminished physiologic reserve found in 
elderly patients and the significantly increased morbidity and 
mortality associated with surgery in an emergency setting, 
early surgical intervention is sometimes preferable. While 
elective surgery may be well tolerated in an elderly patient, 
the same procedure done in an emergency setting is accom-
panied by significant morbidity and mortality.

In patients meeting surgical criteria in whom bleeding is 
localized, a segmental resection should be done. The deci-
sion to proceed with an anastomosis versus creation of an 
ostomy is multifactorial and should be tailored to the indi-
vidual patient. In an emergency setting and in the face of 
hemodynamic instability, most surgeons would not risk cre-
ation of an anastomosis and would opt for creation of a 
colostomy or ileostomy. Patients in whom bleeding has not 
been localized require a subtotal colectomy. Blind segmental 
colectomy in such instances is associated with rebleeding 
rates up to 75% and subsequent mortality rates approaching 
50% [84].

The presence of associated comorbidities and need for 
urgent surgery are cited as independent factors associated 
with increased morbidity and mortality in patients with 
severe, acute lower gastrointestinal bleeding, regardless of 
age [85]. One large study of octogenarians undergoing major 

Table 64.4  Angiography for the diagnosis of lower GI bleeding

Study Number of studies % Bleeding sites localized

Cohn   75 35
Colacchio   98 41
Leitman   68 40
Nath   14 86
Ng   49 45
Pennoyer 131 34
Rantis   30 27
Uden   28 57
Source: Data from refs: [11, 66, 68, 70–74]
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intestinal surgery demonstrated that ASA (American Society 
of Anesthesiologists) score and emergency status were the 
best predictors of surgical outcome in the elderly. Those who 
underwent emergency surgery had a statistically significant 
increased mortality rate, 32% vs. 1.7% [86]. While emer-
gency surgery for lower gastrointestinal bleeding has consis-
tently been associated with an increased mortality, the impact 
may be even more pronounced in the elderly population 
undergoing emergency colectomy for bleeding. One retro-
spective study of emergency colectomy for LGIB found an 
increase in mortality from 21% for patients less than 70 years 
to 37% for patients aged 70 years and older [87]. Postoperative 
complications have also been found to portend a worse prog-
nosis and high mortality rate as evidenced by the Veterans 
Administration National Surgical Quality Improvement 
Project (VA-NSQIP). In their database of elderly patients 
who underwent surgery, patients with more than 48 h of ven-
tilatory assistance, acute renal failure, and systemic sepsis 
had mortality rates of 39%, 52%, and 45% respectively [88]. 
Other studies have found similar postoperative mortality 
rates of about 50% in patients who required postoperative 
ICU care [89].

Patients who undergo surgery may not be able to return 
home when they are ready for discharge from the hospital. 
Elderly patients undergoing abdominal surgery may require 
nursing home or rehabilitation facility placement at least 
50% of the time [89]. Again, whether the surgery is done in 
an emergency setting is an important factor. In elderly 

patients who undergo emergency surgery, discharge to skilled 
nursing facilities instead of home is even higher; in one series 
90% compared to over 70% of patients were able to go home 
after surgery done in an elective setting [86].

Small Intestinal Bleeding

Bleeding from the small bowel can be a diagnostic and thera-
peutic challenge. Small bowel sources are classified as lower 
gastrointestinal bleeding since by definition they occur distal 
to the Ligament of Treitz. However, some advocate consider-
ing them as a separate entity given the intrinsic difficulties 
inherent to adequate small bowel evaluation [90]. Small 
bowel bleeding accounts for 2–15% of lower gastrointestinal 
bleeding [8] and is usually secondary to AVMs [90, 91]. Other 
potential small bowel sources include tumors, lymphoma, 
ulcers, and Crohn’s disease. The length of small bowel, dis-
tance from a natural orifice, and redundancy make it difficult 
to evaluate thoroughly in its entirety. Most commonly used 
tools to evaluate the small bowel are push enteroscopy, con-
trast radiography, and capsule endoscopy. Capsule endoscopy 
is becoming the preferred modality for evaluating the small 
bowel for sources of bleeding. The diagnostic yield has been 
demonstrated to be superior to both push endoscopy (55–70% 
vs. 25–30%) [92, 93] and small bowel contrast radiography 
(31% vs. 5%) [94].

CASE STUDY

An 81-year-old female presented with bright red blood 
per rectum and light-headedness. Her past history was 
significant for hypertension and diabetes. She lived at 
home with her daughter but functioned quite indepen-
dently, requiring no assistance with her Activities of 
Daily Living. On arrival in the Emergency Room, the 
patient was found to be hypotensive, but with a normal 
heart rate. On physical examination, the patient was 
lethargic, but arousable and able to answer questions 
appropriately. She appeared to be well-nourished. Her 
lung and heart sounds were clear. Her abdomen was soft 
and nontender, and the digital rectal examination was 
unremarkable. Immediate fluid resuscitation was started 
with large bore peripheral access, and a foley catheter 
was inserted. Her laboratory studies showed a 10-point 
decrease in her hematocrit compared to baseline values 
from routine studies one year prior. Coagulation panel 
was normal. Blood transfusion was initiated with 

improvement in her blood pressure and urine output. 
Nasogastric lavage demonstrated bilious, nonbloody 
return, and rigid proctosigmoidoscopic evaluation 
showed normal-appearing internal hemorrhoids without 
fresh blood in the anal canal. The patient was admitted to 
the intensive care unit for close monitoring, continued 
resuscitation, and further workup. A central line was 
placed for central venous pressure monitoring and con-
tinued fluid resuscitation. Colonoscopy without bowel 
preparation was done later the same day and demon-
strated pandiverticular disease and old blood, but no evi-
dence of active bleeding. The patient remained stable 
with no further passage of blood per rectum. The follow-
ing day the patient had passage of a large amount of 
blood per rectum and transient hypotension. Immediate 
resuscitation with IV fluid and additional blood transfu-
sion resulted in stabilization of the patient. Urgent angio-
gram was obtained and demonstrated bleeding from 
diverticula in the area of the sigmoid colon. Superselective 
embolization was performed with cessation of bleeding.

(continued)
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CASE STUDY: DISCUSSION

This case demonstrates several key features in the evalu-
ation of an elderly patient who presents with lower gas-
trointestinal bleeding. First, while the patient is clearly 
volume-depleted due to her acute blood loss, she does 
not manifest tachycardia. This may be due to both dimin-
ished chronotropic response seen in the elderly as well as 
her prescribed beta blocker. Restoration of adequate pre-
load is of paramount importance, and in this patient, was 
guided by both urine output and central venous monitor-
ing. Nasogastric lavage or upper endoscopy is used to 
rule out an upper gastrointestinal source which can 
account for up to 15% of presumed lower gastrointestinal 
hemorrhages [32]. Early colonoscopy is being used 
increasingly and is well-tolerated in the elderly popula-
tion. While the diagnostic yield for colonoscopy ranges 
from 45 to 97% [4, 5, 7, 8, 12, 14, 15, 17, 33–44], in our 
patient, it failed to localize the bleeding. Subsequent 
angiography when our patient had recurrent bleeding 
was able to localize and control the bleeding. 
Superselective embolization is being used increasingly 
in cases of colonic hemorrhage, and remains an attractive 

treatment modality especially for patients who are at 
high risk for surgical intervention. In patients who are 
surgical candidates, embolization can also be utilized as 
a bridge to surgery, allowing time for adequate resuscita-
tion and optimization, as was the case here. In light of the 
risk of recurrent bleeding from her diverticula, surgery 
was advised. It has been shown that some elderly patients 
can tolerate even major abdominal surgery well when 
done in an elective setting [86]. Emergency surgery, 
however, is not well tolerated, as evidenced by signifi-
cant morbidity and mortality. Postoperative mortality 
rates for emergency colon resection in elderly patients 
are typically over 30% [86, 87]. Therefore, an elective 
segmental resection after medical optimization was 
offered to this patient. Avoiding the potential increased 
morbidity of an emergency surgery likely contributed to 
the ultimate disposition home for this patient. Being dis-
charged to home would have been unlikely in the after-
math of an emergency colectomy. Most patients (up to 
90%) who do survive such a scenario are ultimately dis-
charged to a nursing home or rehabilitation facility [86]. 
This transition from independent living to institutional 
care can be distressing for some elderly patients.

CASE STUDY  (continued)

The patient was transferred back to the ICU for further 
stabilization, monitoring, and optimization for surgery. 
She had no further episodes of bleeding and developed 
no abdominal symptoms. She was started on a diet which 
she tolerated. Patient and family were counselled that 
given the risk of rebleeding, surgery was recommended. 
The benefit of elective surgical intervention compared to 

the increased morbidity and mortality associated with a 
possible emergency scenario was emphasized to them as 
well. She was medically optimized and several days 
later underwent a mechanical bowel prep followed by an 
elective sigmoid resection with primary anastomosis. 
She tolerated the surgery well. Her subsequent postop-
erative course was unremarkable. She worked with the 
in-house physical therapists and was eventually dis-
charged to home.
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Case Study

The patient is a 76-year-old male with a history of coro-
nary artery disease who presents with an 18 month his-
tory of vague abdominal pain. The patient reports of pain 
after meals and approximately a 70 lbs weight loss over 
this time. The patient has been seen by the local gastro-
enterologist and has undergone both upper and lower 
endoscopy, which were both normal. The patient pre-
sented back to the emergency room with more com-
plaints of abdominal pain and bloating. As part of his 
emergency room workup, the patient had a CT scan of 
the abdomen and pelvis. This revealed a tight stenosis in 

the superior mesenteric artery (SMA) as well as a large 
6 cm abdominal aortic aneurysm (Figs. 65.1 and 65.2). 
Vascular surgery was consulted. It was decided that, 
since the patient was a poor open surgical candidate and 
that the patient had suitable aortic anatomy for an aortic 
endograft, a staged endoluminal procedure to address 
both the SMA stenosis and the large abdominal aortic 
aneurysm was recommended.

The patient first underwent a percutaneous mesenteric 
angiography with successful stent placement in the SMA 
(Fig. 65.3). The following day after an uneventful recov-
ery, the patient underwent successful endoluminal repair 
of his abdominal aortic aneurysm.
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Chapter 65
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Figure 65.1  (a, b) Axial images from CT scan at the level of the superior mesenteric artery. Arrow pointing at the stenotic lesion at the 
origin of the SMA.

(continued)
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Figure 65.2  3D reconstruction from the CT scan demonstrating both the SMA lesion (arrowhead) and the large infrarenal abdominal 
aortic aneurysm (arrow).

Figure 65.3  (a) Transbrachial mesenteric angiogram demonstrating the tight stenosis at the origin of the SMA. Note that an 0.018″ wire 
was able to traverse across the lesion. (b) Angiogram after successful deployment of a balloon expandable stent across the lesion.

Anatomy

Intestinal ischemia is usually a disease that affects the elderly. 
It is useful to categorize it as acute or chronic because of the 
different presentations of patients and the urgency of treat-
ment. It can also be further subdivided by etiology; causes 
include arterial insufficiency secondary to thrombosis or 

embolus, venous thrombosis, and nonocclusive mesenteric 
ischemia (NOMI).

To understand the etiology of mesenteric ischemia, it 
is helpful to review the basic vascular anatomy of the gas-
trointestinal (GI) tract. The gut is supplied basically by 
three arteries: celiac axis (CA), SMA, and inferior mes-
enteric artery (IMA). The celiac axis branches almost 

Case Study  (continued)
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immediately into the common hepatic, left gastric, and 
splenic arteries. The celiac axis communicates with the 
SMA recirculation via the gastroduodenal artery and the 
pancreaticoduodenal arcades. The SMA originates from 
the aorta usually approximately 1  cm below the celiac 
axis. This occurs at the level of the L1 vertebra. The SMA 
supplies the midgut, and its major branches are the infe-
rior pancreaticoduodenal branches, middle colic artery, 
right colic artery, ileal branches, and ileocolic artery. The 
middle colic artery comes off the proximal SMA and sup-
plies the transverse colon. It also communicates directly 
with branches of the IMA. The ileocolic artery is the ter-
minal branch of the SMA and supplies the terminal ileum, 
cecum, and ascending colon. The IMA is the most distal 
and smallest of the mesenteric arteries and is also a ven-
tral branch of the aorta. It arises approximately 6–7 cm 
below the SMA, which corresponds to the level of the L3 
vertebra. It supplies the hindgut, which includes the distal 
transverse colon, descending colon, sigmoid colon, and 
rectum. The left colic artery communicates with the SMA 
via the marginal artery.

To understand the pathophysiology of mesenteric isch-
emia, it is important to understand the anatomic collateral 
pathways. For collateral circulation between the CA and the 
SMA, the principle pathways are the gastroduodenal and 
pancreaticoduodenal arteries. Unusual anatomic variations 
can also provide collateral flow, such as a replaced right 
hepatic artery or a pancreatic or middle colic artery originat-
ing from the CA. In addition, there is an infrequent but well-
recognized collateral pathway known as the arc of Buhler, 
which represents a direct collateral pathway between the CA 
and the SMA. This is thought to be due to persistence of an 
embryonic ventral segmental artery.

There are three major anastomotic pathways between 
the SMA and the IMA, the most significant of which is the 
marginal artery of Drummond. This artery runs within the 
mesentery of the colon and gives rise to the vasa recta. It 
receives branches from the ileocolic, right colic, middle 
colic, and the left colic arteries. It usually runs close to the 
mesenteric border of the colon. Normally, this artery is not 
particularly large; but with occlusion of the SMA, it can 
enlarge significantly. The arc of Riolan also lies within the 
mesentery, but is much closer to its base. This collateral 
connects the middle and left colic arteries (Fig. 65.4). The 
final potential collateral pathway between the SMA and 
IMA is the meandering or wandering mesenteric artery. 
Occasionally, this is markedly hypertrophied arc of Riolan, 
and other times, there is a distinct anastomotic pathway 
between the SMA and IMA. The IMA can be collateral-
ized not only by the SMA, but also by the lumbar branches 
of the aorta, as well as from the hypogastric artery and its 
branches.

The venous drainage of the gut is principally via the 
splenic vein for the foregut, the superior mesenteric vein 
(SMV) for the midgut, and the inferior mesenteric vein (IMV) 
for the hindgut. These vessels all drain into the portal vein 
and hence through the liver.

Mesenteric blood vessels are highly reactive; and, accord-
ingly, mesenteric blood flow can fluctuate between 10 and 
35% of cardiac output [1]. They react to a large variety of 
endogenous cytokines and exogenous medications. The tele-
ological reason given for the vasoreactivity is the widely 
varying metabolic needs of the gut based on the fasting and 
fed states. Absolute blood flow through the CA and the SMA 
ranges from 300 to 1,200 ml/min [2]. At rest (fasting state), 
the mesenteric flow is low due to high resistance with low 
diastolic flow with flow reversal, which is typical of high 
resistance beds. In the fed state, there is both systolic and 
continuous diastolic flow.

Although the nutritional state of the individual is often 
the principle determinant of blood flow, there is also exten-
sive extrinsic and intrinsic control of splanchnic blood flow. 
Sympathetic tone to the gut is supplied by preganglionic 
cholinergic fibers of the greater splanchnic nerves [3]. These 
synapse in the paired celiac ganglia next to the CA. 
Postganglionic adrenergic fiber stimulation of the celiac axis 
ganglia results in vasoconstriction of the mesenteric arteries 
and arterioles [4, 5]. The rennin–angiotensin axis and vaso-
pressin can both cause profound vasoconstriction. These 
substances are released in settings of hypovolemia [6]. The 
net effect of their secretion is to preserve cerebral and renal 
circulation at the expense of the mesenteric circulation.

Arterial Mesenteric Ischemia

Acute Mesenteric Ischemia

The most dramatic and feared form of mesenteric ischemia is 
acute mesenteric ischemia. Despite broad advances in diag-
nostic capabilities, surgical techniques, and perioperative 
management, the mortality associated with acute mesenteric 
ischemia is high, ranging from 60 to 90% in most series 
[7,  8]. The risk factors for acute mesenteric ischemia are 
essentially those associated with advanced age, including 
cardiac arrhythmias, low cardiac output states secondary to 
congestive heart failure, severe valvular cardiac disease or 
recent myocardial infarction, generalized atherosclerosis, 
and intra-abdominal malignancy.
Acute arterial insufficiency to the small bowel results from 
occlusion of the SMA. Approximately 50% of acute SMA 
occlusions are due to emboli [9]. Most of the emboli are 
cardiac in origin. They originate from left atrial or ven-
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tricular mural thrombi or from cardiac valvular lesions. 
They often occur in the setting of cardiac arrhythmias, par-
ticularly atrial fibrillation, or immediately following acute 
myocardial infarction. Although the emboli can lodge at 
the origin of the SMA, approximately 85% lodge more 
distally, usually 3–10  cm beyond the origin of the SMA 
where it begins to taper. The typical point of occlusion is 
just distal to the middle colic artery (Fig. 65.5). It is impor-
tant to realize that in approximately 20% of cases, patients 
with SMA emboli also have emboli to other vascular beds 
[10]. Often intestinal ischemia caused by the embolus is 
exacerbated or compounded by reflexive mesenteric vaso-
constriction. This compounds the ischemic insult to the 
bowel. Other more unusual causes include dissections of 
the SMA occurring in isolation or as part of extensive aor-
tic dissection [11].

Acute mesenteric ischemia can occur up to 25% of the 
time in the setting of acute in situ thrombosis superim-
posed on preexisting atherosclerotic lesions. Although 
the SMA is most commonly affected, the celiac axis may 
be involved. Often even though these patients present 
acutely, on questioning they give a history consistent with 
chronic mesenteric ischemia (CMI), which will be dis-
cussed later in this chapter. Anatomically, these lesions 
occur at the origin of the SMA and not distally, as with 
embolic disease.

Acute mesenteric ischemia can also be nonocclusive 
(NOMI).. The cause of NOMI is usually a low-flow state in 
the setting of preexisting atherosclerotic lesions, often coupled 
with the administration of vasoconstricting medications or 
digitalis. Such causes of low-flow states are most often seen 
in the setting of cardiac failure or sepsis. The diagnosis of 

Figure  65.4  Collateral pathways between the SMA and IMA. The 
more constant marginal artery of Drummond connects the SMA and 
IMA via distal branches, giving of the vasa recta branches to the 

bowel. The more variable arc of Riolan connects the SMA to the IMA 
more proximally, usually through the middle colic artery to the left 
colic artery.
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NOMI is based on a high index of clinical suspicion 
followed by arteriography. It requires an even higher index 
of suspicion than other causes of acute mesenteric ischemia 
because the presentation is sometimes more insidious. 
Mortality in the setting of NOMI is high, approaching 70%, 
and reflects not only the morbidity associated with 
mesenteric ischemia, but also probably more likely the 
underlying medical conditions that precipitated the episode 
of mesenteric ischemia [12].

The overall incidence of NOMI is decreasing despite 
the aging population. The likely reasons are the wide-
spread use of systemic vasodilators in coronary care units 
and the improved treatment for cardiogenic shock [13]. 
The best chance for avoiding poor clinical outcome with 
NOMI resides in making the correct diagnosis and treat-
ing the underlying precipitating cause of the NOMI. It has 
been postulated that low flow results in peripheral hypox-
emia and a paradoxical splanchnic vasospasm, which pre-
cipitates intestinal ischemia. Laboratory studies have 
confirmed that mesenteric vasoconstriction, intestinal 
hypoxia, and ischemia/reperfusion injury may play a role 
in the pathogenesis of NOMI. In low-flow states, the neu-
rohormonal mediators of mesenteric vasoconstriction 
appear to be vasopressin and angiotensin [14]. The use of 
digoxin is common in patients with NOMI, and in in vitro 
and in vivo studies it has been shown to enhance mesen-
teric arterial vasoconstriction [15]. Once set in motion, 
mesenteric vasospasm can become persistent, even after 
correcting the underlying precipitating event. The persis-
tence of prolonged vasoconstriction is responsible for the 
development of intestinal ischemia and subsequent infarc-
tion in NOMI [16].

Chronic Mesenteric Ischemia

Chronic mesenteric ischemia (CMI) is a relatively rare diag-
nosis, and there is a paucity of surgical literature involving 
its treatment. This being said, it appears that the number of 
elective operations for CMI is increasing; and given the gen-
eral aging population, it is expected to continue to increase 
[17]. CMI is most common during late middle age. Most 
patients are smokers; and in contradistinction to vascular dis-
ease in other beds, most of the patients (60%) are female. In 
addition, there is a high incidence of other factors for vascu-
lar disease, including a high incidence of hypertension, coro-
nary artery disease, and cerebrovascular disease [18]. It is 
interesting to note that, although clinically significant CMI is 
uncommon, asymptomatic atherosclerosis of the mesenteric 
circulation is common, with autopsy series showing signifi-
cant stenoses in approximately 50% of celiac axes, in 30% of 
the superior mesenteric arteries, and in 30% of inferior mes-
enteric arteries [19]. The prevalence of mesenteric athero-
sclerotic disease increases with age, with two-thirds of 
patients over 80 years of age having significant stenoses.

Councilman’s report was the first to recognize the syn-
drome of CMI with its pathognomonic symptom of postpran-
dial pain [20]. He described three patients who presented with 
epigastric and midabdominal pain following eating. Typically, 
this pain occurs 1–2 h after a meal. The degree of pain corre-
lates well with the quantity and the fat content of the ingested 
meal. Although the pain is typically described as a dull, 
cramping pain, there is some variability in presentation, with 
symptoms ranging from vague pain to severe sharp pains that 
can penetrate to the back. In advance cases, patients may have 
persistent or continuous pain, and sometimes it progresses to 

Figure 65.5  CT angiogram view of a patient who presented with a history 
of acute abdominal pain in the setting of atrial fibrillation. Patient had to 
be off anticoagulation due to upcoming knee surgery. (a)  White arrow 

pointing to SMA at the level right above middle colic artery as it courses 
behind the neck of pancreas. (b) White arrow showing acute occlusion in 
the SMA at the level of the uncinate process.
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acute mesenteric ischemia (in situ thrombosis of mesenteric 
vessels in the setting of advanced occlusive disease) [21]. 
Because of the postprandial pain, the patients often experi-
ence what has been termed “food fear.” Food fear results in the 
patient being unwilling to eat, which in turn results in the most 
common physical finding of CMI: weight loss. The weight 
loss has been described as malignant cachexia without malig-
nancy. Frequently, these patients have been evaluated for a GI 
malignancy prior to making the correct diagnosis of mesen-
teric ischemia [22]. It is worthwhile to note, however, that a 
few patients present without weight loss. Presenting symp-
toms other than abdominal pain and weight loss that are also 
GI in nature, include nausea, vomiting, diarrhea, and constipa-
tion. It is thought that the symptoms may relate to the distribu-
tion of the vascular occlusive disease, with foregut ischemia 
(celiac distribution) leading to nausea and vomiting, midgut 
ischemia (SMA) leading to the common postprandial abdomi-
nal pain and subsequent weight loss, and hindgut ischemia 
(inferior mesenteric ischemia) leading to constipation [23].

On physical exam, the most obvious and common finding 
in patients with CMI is evidence of weight loss. Signs of 
peripheral vascular disease may also be noted as well as the 
presence of an abdominal bruit. Unfortunately, the diagnosis 
of CMI is often delayed. Given the nonspecific symptoms 
with which patients present, they are often evaluated for 
other more common diseases, such as cholecystitis, liver dis-
ease, peptic ulcer disease, and occult malignancy. These 
patients have undergone extensive evaluations prior to being 
referred to a vascular surgeon for evaluation. Due to the pro-
longed nature of their illnesses, nonspecific laboratory find-
ings may include evidence of malnutrition, such as anemia, 
hypoalbumenemia, hypocholesterolemia, and evidence of 
impaired immune function. Patients have frequently under-
gone both plain and contrast radiologic studies of their abdo-
men and GI tract, but these tests are of little value. They have 
also often undergone both upper and lower endoscopy, which 
may occasionally document evidence of ischemia.

Diagnosis

Regardless the etiology of mesenteric ischemia, the key to 
improved patient outcome is diagnosis in a timely fashion. 
Unfortunately, the signs and symptoms of mesenteric arterial 
disease may be protean in nature, and by the time a definite diag-
nosis is reached, the patient may have already sustained bowel 
necrosis. Acute mesenteric occlusion must be considered in any 
patient who presents with acute onset of abdominal pain and a 
history of cardiac disease or recent arterial catheterization.

In regards to CMI, the most common scenario is an elderly 
female with a history of tobacco abuse, abdominal pain, and 
weight loss. Careful questioning will usually elucidate a his-
tory of postprandial pain in the periumbilical or epigastric 

location. This “intestinal angina” is thought to result from 
inability of the stenotic or occluded visceral vessels to meet 
the hyperemic demands of active digestion. Patients come to 
associate pain with eating, and this may induce a pattern of 
food avoidance that results in profound malnutrition.

In NOMI, the diagnosis should be entertained when 
elderly patients present with the risk factors previously 
mentioned, including acute myocardial infarction with car-
diogenic shock, congestive heart failure, arrhythmias, hypo-
volemic shock from sepsis, or hemorrhage or in the setting of 
burns and pancreatitis. In addition, the use of splanchnic 
vasoconstrictors including digitalis and alpha agonists are 
commonly seen in patients who develop NOMI. Although 
patients with SMA occlusion usually present with pain out of 
proportion to their physical findings, a significant portion of 
patients with NOMI (20–25%) may not have severe abdomi-
nal pain [24]. When present, the pain is often less severe or 
more variable in intensity, character, and location than it is in 
classic occlusive arterial mesenteric ischemia. Even in 
patients without pain, if there is unexplained abdominal dis-
tension, GI bleeding, fever, diarrhea, nausea, or vomiting, 
the diagnosis of NOMI should be entertained in these high-
risk patients. As with other forms of mesenteric ischemia, 
once a patient develops abdominal tenderness or localized 
peritonitis, it indicates that the mesenteric ischemia has pro-
gressed to bowel infarction.

Leukocytosis and elevated serum lactate levels are nonspe-
cific findings that may help to confirm the diagnosis of acute 
mesenteric ischemia. Typically, the history and physical exam 
reveals pain that is severe, unrelenting, and usually not well 
localized – usually “pain out of proportion to exam.” Progression 
to localized peritonitis is a late finding that suggests the pres-
ence of transmural infarction or perforation. Indeed, time is of 
the essence, and in those settings where detailed radiographic 
imaging is not readily available, a history and physical exam 
strongly suggestive of acute mesenteric ischemia mandates 
exploratory laparotomy for revascularization and assessment 
of bowel viability.

Imaging Modalities

Radiographic imaging plays an increasingly significant role 
in the diagnosis of mesenteric ischemia. Plain radiographs 
are commonly used to exclude other causes of the acute 
abdomen, such as bowel obstruction or a perforated viscus. 
As an early diagnostic aid in acute mesenteric ischemia, 
plain radiographs lack sensitivity, being reported as normal 
in up to 25% of cases involving acute mesenteric ischemia 
[25]. Unfortunately, definitive plain radiographic findings of 
acute mesenteric ischemia are those associated with progres-
sive loss of tissue integrity, such as pneumatosis and portal 
venous air and with a much poorer prognosis at this stage.
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Duplex Ultrasound

Duplex ultrasound of the mesenteric vessels is noninvasive 
and does not require administration of nephrotoxic contrast 
agents. Its utilization has primarily been in the diagnosis of 
CMI. As with all duplex examination, this modality is 
operator-dependent. An optimal patient setting, such as a 
thin patient with minimal bowel gas, is required to achieve 
quality results. Duplex ultrasonography accurately identifies 
high-grade stenoses of the celiac artery and SMA. In nonse-
lected patient groups, adequate visualization may be 60%, 
but in more selected studies of patients thought to have CMI, 
the reported technical adequacy approaches 100% [26, 27].

Studies from Dartmouth and the Oregon Health Sciences 
University attempted to established duplex criteria for the 
diagnosis of splanchnic artery stenosis and occlusion [28]. 
Based on repeat studies, they have determined the peak sys-
tolic velocity (PSV) and end-diastolic velocity (EDV) that 
correlates with a significant degree of stenosis. For the SMA, 
a PSV of >275 cm/s correlated with a >70% angiographic 
stenosis with sensitivity of 92% and specificity of 96% [29]. 
An EDV of >45 cm/s correlated with a >50% angiographic 
stenosis with sensitivity of 90% and specificity of 91% [27]. 
For the celiac artery, a PSV of >200 cm/s suggests a stenosis 
of >70% with sensitivity of 90% and specificity of 91%. 
Retrograde hepatic artery flow is 100% predictive of a severe 
celiac artery stenosis or occlusion. Celiac EDV >55  cm/s 
indicates a stenosis of >50% with sensitivity of 93% and 
specificity of 100%.

CT Angiography

Catheter angiography has long been the gold standard in 
delineating mesenteric arterial anatomy. However, as the 
availability of multidetector helical CT scans has spread, the 
ability to rapidly acquire high-quality CT angiographic 
images has made this modality the study of choice when 
evaluating a patient with possible mesenteric ischemia [30]. 
A significant amount of information can be obtained about 
the central arterial and venous circulation with CT angiogra-
phy. Accurate timing of contrast injection and fine slices 
(0.5–1.5 mm) through the upper abdomen usually provides 
excellent visualization of the celiac artery and SMA distribu-
tions (Fig. 65.6). Other causes of abdominal pathology can 
also be assessed with CT. Nonspecific findings for bowel 
ischemia or infarction may include mesenteric stranding, 
bowel wall edema, or even air within the bowel wall or mes-
enteric vessels. The exact timing of intravenous contrast 
administration is tailored to the specific clinical question. 
Usually, a noncontrasted study is performed first to establish 
a baseline of the appearance of the bowel wall. The tradi-
tional use of “positive” oral contrast agents detracts from 

image quality, and most visceral computed tomography 
angiography (CTA) protocols recommend the use of a “nega-
tive” oral contrast agent, such as water, given before the scan. 
The negative contrast agent prevents image artifact from 
pooled areas of high opacification within the intestinal tract 
and actually enhances the ability to see bowel wall enhance-
ment (or lack thereof) in the late arterial phase of the contrast 
bolus. Three-dimensional reconstructions may be generated 
from the raw CT data set, yielding a spatially oriented image 
that allows for the clinician to evaluate the diseased segments 
from different perspectives (Fig. 65.7). Some protocols may 
offer the use biphasic scanning, a technique borrowed from 
standard pancreatic and liver studies. A delayed set of images 
are acquired approximately 1 min after the administration of 
IV contrast to obtain portal venous phase imaging.

Magnetic Resonance Angiography

Magnetic resonance angiography (MRA) provides excellent 
evaluation of the splanchnic vessels (Fig. 65.8). MRI/MRA is 
noninvasive and avoids the risk of allergic reaction with iodi-
nated contrast agents. There are several caveats to the use of 
MRI/MRA, such as avoidance of patients with ferrous-
containing implants and concern for gadolinium-induced 
nephrogenic systemic fibrosis (NSF) in patients with impaired 
renal function.

Anatomic imaging of the visceral vessels relies on 
contrast-enhanced MRI techniques; noncontrast three-
dimensional phase-contrast MRA identifies only 66% of 
angiographic stenoses and creates some false-positive results 
[31]. The most common error of visceral MRA is overestima-
tion of the stenosis. This weakness may result from the 

Figure 65.6  CT angiogram demonstrating heavily calicific plaque at 
the origin of the SMA.
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relatively poor spatial resolution of MRA. Even on the best 
systems, resolution is limited to 1 mm3. Gadolinium-enhanced 
MRA currently does not provide sufficient resolution to show 
distal emboli; nonocclusive, low-flow states; small vessel 
occlusion; or vasculitis [32]. Meaney and associates evalu-
ated 14 patients with CMI; three-dimensional contrast-
enhanced MRA had a sensitivity of 100% and a specificity of 
87% in the overall detection of 50% or greater visceral artery 
stenosis [33]. The lack of specificity was due to false-positive 
diagnosis of IMA stenoses. Looking only at the subset of 
celiac artery and SMA data, the sensitivity and specificity 
were 100% for the detection of 50% or greater stenosis. In a 

similar, more recent study by Carlos et  al., two blinded 
observers reviewed gadolinium-enhanced MRA studies and 
compared them with conventional angiography in 26 patients 
suspected to have CMI. The overall accuracies for the detec-
tion of 50% or greater stenosis or occlusion in the celiac 
artery, SMA, or IMA were 95 and 97%.

Secondary signs of mesenteric ischemia, such as fat or 
bowel wall thickening, which are routinely delineated by CT, 
are more difficult to assess with MRI. In general, the ana-
tomic evaluation of the mesenteric arteries is limited to the 
proximal celiac artery and SMA only, and the evaluation of 
SMA branches or IMA is limited by the spatial resolution of 
MRI techniques. MRA is not routinely the first imaging 
study to obtain in the setting of AMI because of time delay. 
The utility of MRA in CMI depends on the quality of the 
instrumentation, the sophistication of the software, and the 
skill of the interpreting radiologist, especially when other 
modalities are available.

Catheter-Based Arteriography

Finally, catheter-based arteriography is a time-tested modal-
ity offers superbly detailed images of the visceral arterial tree, 
and venous patency may also be assessed on delayed images. 
Due to the time urgency in the treatment of AMI, as well as 
the burgeoning availability of CTA, the use of catheter angiog-
raphy prior to laparotomy is now distinctly uncommon. In the 
setting of CMI, diagnostic angiography may be combined 
with therapeutic intervention in selected candidates 
(Fig. 65.9). To document stenoses of the origins of the SMA 
and celiac axes, lateral views are best. Usually, involvement 
of at least two mesenteric vessels is required to diagnose 
symptomatic CMI. It is unusual for a patient to be symptom-
atic from occlusion of only one vessel. Additional evidence 
of chronic ischemia is evidenced by hypertrophy of collateral 
pathways, including the marginal artery of Drummond and 
the arc of Riolan (Fig.  65.10). Relative drawbacks of this 
technique include the need for arterial instrumentation and 
administration of nephrotoxic contrast agents.

Treatment

Once the diagnosis of mesenteric ischemia is made, prompt 
surgical intervention is necessary. However, the approach for 
acute mesenteric thrombosis from an embolus is entirely 
different from that of thrombosis.

Unfortunately in the acute setting, the patient has usually 
presented with advanced stages of ischemia and thus emer-
gent exploration is warranted. The abdomen is explored 
through a generous midline incision, typically extending 
from xiphoid to pubic symphysis. The main goal of the 

Figure 65.7  3D reconstruction from CT angiogram of the mesenteric 
vessels. Lateral projection. Notice common trunk for both SMA and 
celiac axis. Also note heavy calicification at the common trunk.

Figure 65.8  MR angiogram demonstrating nonfilling of the SMA sec-
ondary to calcific plague at the origin. White arrow demonstrating non-
opacified SMA.
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explorations is to (1) determine and confirm the cause of the 
extent of the mesenteric disease and (2) assess the viability 
of the bowel. The extent and pattern of bowel ischemia can 
offer valuable clues concerning the cause of bowel ischemia, 
thereby aiding in planning for revascularization.

The bowel assessment for viability is made by visual 
inspection, with an attempt to differentiate between ischemic 

but potentially viable bowel and infarcted bowel. Obvious 
signs of bowel necrosis include bowel wall that is an ashen, 
dull gray color, lacking the normal glistening sheen, and 
bowel that does not exhibit peristalsis. Other adjunctive mea-
sures include trying to obtain Doppler signals along the 
antimesenteric side of the bowel wall, intravenous adminis-
tration of fluorescein, and using a Wood’s lamp to see the 
extent of bowel perfusion. Unfortunately, some patients have 
such obvious, extensive bowel infarction that after resection 
they would be left with insufficient bowel to sustain life. In 
such cases, it is appropriate to close without attempting to 
restore blood flow or resect the infarcted bowel.

Bowel that appears severely ischemic may be viable after 
revascularization. Thus, in all but the case of obvious bowel 
necrosis, the surgeon should proceed with revascularization 
before resecting any intestine. The questionable bowel should 
be kept moist in well covered with warmed saline solution 
during the remainder of the case. At any time after revascu-
larization that there is any questionable appearing bowel, it is 
always safe to plan for a “second-look” laparotomy after 
24–48 h to see if more bowels can be either saved or sacri-
ficed during this second exploration.

Exposure of the SMA for embolectomy is achieved by 
retraction of the transverse colon cephalad and the small 
bowel and its mesentery inferiorly. One can trace the middle 
colic artery down to its junction to the SMA as a means to 
identify the SMA. An incision is made in the small bowel 
mesentery near the root of the mesentery, directly over the 
area where the superior mesenteric vessels lie. A segment of 
the proximal SMA and its branches (jejunal branches and the 
middle colic artery) are controlled. The artery is opened trans-
versely if direct repair after embolectomy is planned, or lon-
gitudinally if the vessel is diseased and may need to be closed 
with a potentially saphenous vein patch. Proximal embolec-
tomy is performed with a 3 or 4 French (F) embolectomy 
balloon catheter. With extraction of the embolus, pulsatile 
inflow should be expected. Distal embolectomy is performed 
with a smaller catheter, typically 2 or 3 French embolectomy 
catheter. Difficulty in passing a catheter down multiple 
branches of small size adds to the complexity of performing 
the distal embolectomy (Fig. 65.11). An alternative or adjunct 
to balloon embolectomy of the distal mesenteric vessels is for 
the surgeon to place a hand on either side of the mesentery 
and “milk” thrombotic material out of the vessels. When all 
thrombus is removed, the arteriotomy is closed primarily or 
with vein patch, and flow is reestablished.

In regards to CMI, it is indicated to offer revascularization 
whenever a patient is symptomatic. The ultimate goal is to 
restore a normal mesenteric circulation, thereby allowing 
normalization of the nutritional status and alleviation of 
abdominal pain. Three basic techniques are available for 
revascularization: bypass grafting, transaortic endarterec-
tomy, and more recently, angioplasty with possible stenting. 

Figure 65.9  Lateral projection of SMA during catheter arteriography. 
Note wire crossing lesion in preparation for deployment of a stent.

Figure 65.10  Lateral view of SMA angiogram. Note large collateral 
between celiac axis and SMA as demonstrated by black arrow.
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The choice of therapy must be individualized not only to the 
patient’s anatomic lesions, but also to the patient’s comor-
bidities. The ideal procedure for CMI remains a subject of 
debate [34]. Preoperative evaluation of patients for mesen-
teric revascularization is not different from preparing for any 
other major vascular reconstruction. As indicated by the 
patient’s general medical condition, he or she should be eval-
uated for coronary artery disease, cerebrovascular disease, or 
renal vascular disease.

It is also important to realize that these patients are often 
nutritionally debilitated and as a result are both volume-
contracted and anemic. These conditions should be 
approached in an urgent, aggressive manner prior to surgery. 
Because of the high incidence of multisystem disease, inva-
sive intraoperative monitoring with radial artery and pulmo-
nary artery catheters is recommended. As part of this goal, 
it is hoped that the progression of mesenteric ischemia to 
visceral infarction is avoided as well. In unusual circum-
stances, prophylactic mesenteric revascularization is under-
taken in patients undergoing major aortic reconstruction 
who have had incidentally identified significant mesenteric 
artery stenoses [35]. The rationale for doing this is that the 
patient may be at increased risk for perioperative visceral 
infarction due to unexpected hypovolemia, hypotension, or 
disruption of the collateral circulation by the periaortic 
dissection. In the absence of performing aortic procedures, 
prophylactic mesenteric revascularization is not usually 

recommended. As previously noted, mesenteric artery 
occlusive disease is widely present in autopsy series, but 
most of it was asymptomatic.

Mesenteric Bypass

Several techniques are available for performing mesenteric 
bypasses. Because mesenteric ischemia usually results from 
multiple-vessel disease, multiple-vessel reconstruction is 
usually recommended. Bypasses are generally categorized 
into two broad techniques: antegrade and retrograde. 
Antegrade bypass grafts generally originate from the suprace-
liac aorta, which is an excellent site for originating a bypass 
graft because it is usually spared significant atherosclerotic or 
aneurysmal disease. Autologous material or synthetic grafts 
can be used without any documented difference in efficacy. 
Polytetrafluoroethylene (PTFE) and Dacron grafts have been 
used. If there is any question about contamination at the time 
of surgery (e.g., if bowel resection is necessary), an autolo-
gous conduit, usually the saphenous vein, should be used.

The supraceliac aorta is usually exposed transabdomi-
nally, which can be done through either a midline incision or 
bilateral subcostal incisions. After thorough exploration of 
the abdomen, the supraceliac aorta is exposed by first mobi-
lizing the lateral segment of the left lobe of the liver, which 
is retracted inferiorly and to the right. The gastrohepatic 

Figure 65.11  Embolectomy for acute mesenteric ischemia. Embolus 
typically lodged at the takeoff of middle colic from SMA. A small 
transverse arteriotomy is made with an 11-blade. Passing a 2 or 3 French 

embolectomy catheter distally to remove lodged embolus and a 3 or 4 
French catheter proximally will usually restore pulsatile inflow. The 
arteriotomy is then closed with nonabsorbable monofiliament suture.
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omentum is divided and the lesser sac entered. Care is taken 
not to injure the esophagus, which is easily identified by pal-
pating the nasogastric tube within its lumen. The right crus 
of the diaphragm is divided with electrocautery. In this fash-
ion, approximately 7–110 cm of distal thoracic and proximal 
abdominal supraceliac aorta can be isolated. The celiac axis 
and SMA are skeletonized. The rationale for doing multives-
sel revascularization is to maximize symptomatic relief and 
prevent symptomatic recurrence and visceral infarction, 
which may result from single-graft failure [36]. Supraceliac 
aortic control is obtained with a partially occluding clamp if 
possible. This step helps limit the large increase of afterload 
on the heart that can result from supraceliac cross-clamping, 
as well as renal and visceral ischemia. If a synthetic graft is 
used, a bifurcated graft of appropriate size is chosen. The 
proximal anastomosis is sewn in an end-to-side fashion to 
the aorta. One limb is then sewn in end-to-end to the celiac 
axis. In a similar fashion, an end-to-end anastomosis is per-
formed to the SMA. Sometimes it is necessary to completely 
cross-clamp the supraceliac aorta, but the proximal anasto-
mosis can usually be completed in 20 min or less, and this 
amount of visceral and renal ischemia time is well tolerated. 
A straight graft to the SMA is placed with reimplantation of 
the celiac axis onto that graft. In addition, as mentioned, the 
SMA anastomosis can usually be performed to the proximal 
SMA anterior to the pancreas. If necessary, due to extensive 
disease within the proximal SMA, the graft can be tunneled 
behind the pancreas with construction of the distal anasto-
mosis to the SMA distal to the point where the SMA has 
passed through the uncinate process of the pancreas.

An alternative technique uses an autologous conduit. This 
is done in the setting of the contaminated or clean-contaminated 
case secondary to the need for bowel resection. One effective 
and simple technique is to perform an inline bypass using 
saphenous vein to the SMA, with the hood of the vein graft 
forming a patch angioplasty at the origin of the celiac axis. In 
this fashion, both the celiac axis and the SMA are revascular-
ized. Once revascularization is completed, blood flow is 
restored to the viscera. This is done in coordination with the 
anesthesia team to avoid declamping hypotension. Following 
this step, the bowel is carefully inspected to ensure that ade-
quate flow has been restored.

Occasionally, the supraceliac aorta is not suitable as the ori-
gin for the antegrade bypass because of aneurysmal or athero-
sclerotic disease or secondary to previous surgery at the 
diaphragmatic hiatus. Also, some patients cannot tolerate 
supraceliac cross-clamping. In this situation, retrograde bypass 
from either the infrarenal aorta or the iliac vessels can be per-
formed. The infrarenal aorta is also often used as the inflow 
source if mesenteric revascularization is being performed at 
the time of concomitant infrarenal aortic reconstruction. The 
synthetic aortic prosthesis provides an excellent inflow vessel. 
Standard transperitoneal exposure of the iliac vessels or of the 

infrarenal aorta is performed. It is necessary to mobilize the 
ligament of Treitz fully, and then the proximal SMA is isolated 
below the inferior border of the pancreas at the base of the 
small bowel mesentery. Once again, the choice of conduit can 
be saphenous vein or prosthetic graft. The proximal anastomo-
sis is performed to either the distal infrarenal aorta or the prox-
imal common iliac artery in an end-to-side fashion. The conduit 
is left with a long, gentle curve around the base of the mesoco-
lon, which not only facilitates the anastomosis to the SMA, but 
also helps avoid kinking, which tends to occur with short 
grafts, particularly saphenous vein grafts [37]. The anastomo-
sis to the SMA can be performed in an end-to-end or end-to-
side fashion. In the event that the celiac axis is to be 
revascularized at the same time, a bifurcated graft can be used, 
or a “piggyback” graft can be sewn onto the SMA graft. The 
celiac axis is exposed as previously described. Once again the 
graft is tunneled to a retropancreatic tunnel and can be anasto-
mosed to the celiac axis or the common hepatic artery.

These operations, as might be expected, are associated 
with significant perioperative mortality, which averages 
approximately 6% for patients undergoing revascularization 
for CMI [38]. These patients, despite their significant comor-
bidities, have an approximately 75–80% 3-year survival fol-
lowing surgery. Graft thrombosis with visceral infarction is a 
significant cause of both early and late mortality [39]. The 
rate of symptomatic graft failure has been documented to 
be 15% at an average follow-up of 38 months. Another more 
recent series by McMillan et al. has shown that an objective 
primary patency rate of 89% at 72 months was obtained in a 
single series. In that series, there was no difference between 
primary patency rates in patients undergoing retrograde or 
antegrade bypass. There were also no differences noted for 
the type of conduit used. Overall, given the extensive comor-
bidities of these patients and their underlying atherosclerotic 
disease, visceral revascularization is a durable procedure, and 
the morbidity and mortality of the procedure are acceptable.

Transaortic Mesenteric Endarterectomy

For occlusive disease limited to the origins of the visceral 
vessels, transaortic mesenteric endarterectomy is a well-
described technique for mesenteric revascularization. The 
advantages of endarterectomy are that (1) it eliminates the 
occlusive lesion; (2) it is an anatomic revascularization and is 
therefore not subject to turbulent flow or problems with graft 
compression or alignment; and (3) it provides an autogenous 
method for multiple-vessel reconstruction [40]. The patients 
are prepped for surgery in a similar manner with all the pre-
cautions mentioned earlier. The visceral abdominal aorta can 
be exposed through a thoracoabdominal incision or a midline 
or extended left subcostal incision using medial visceral rota-
tion. The advantage of medial visceral rotation is that it avoids 
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entering the thoracic cavity. Exposure of the upper abdominal 
aorta is accomplished via left-sided medial visceral rotation. 
First, the splenic flexure of the colon is mobilized by dividing 
its peritoneal attachments, and then the descending colon is 
mobilized along its lateral peritoneal reflection. In a similar 
fashion, the spleen is mobilized by dividing its lateral perito-
neal attachments, and it is rotated medially. The dissection 
plane is established in the retroperitoneum and lies between 
Gerota’s fascia and the peritoneal envelope and posterior to 
the tail of the pancreas. Once the spleen and pancreas are 
mobilized medially, the left renal vein is identified and is dis-
sected free from the renal hilum to the vena cava. Division of 
the adrenal and lumbar branches of the renal vein allows the 
vein to be retracted inferiorly, thereby providing optimal 
exposure of the perirenal aorta. The left crus of the diaphragm 
is divided along the left anterior lateral aorta. Once it is 
divided, the distal thoracic aorta is exposed, which is the site 
of proximal aortic control. The side of distal control depends 
on the extent of the planned endarterectomy. Usually, infrare-
nal aortic control is necessary because of the proximity of the 
SMA to the renal arteries. The origins of all the visceral ves-
sels are circumferentially dissected free. When circumferen-
tially dissecting the vessels, care is taken to palpate the vessels 
to make sure the dissection proceeds beyond the margins of 
the disease. If the disease goes well beyond the ostium, aortic 
endarterectomy is not possible.

Once vascular isolation is obtained, an aortotomy is per-
formed. The extent of the aortotomy depends on whether 
endarterectomy of the renal vessels is planned. A standard 
endarterectomy is performed around the base of each vessel. 
Usually with ostial disease, gentle eversion endarterectomy 
suffices and good endpoints are obtained. Once the endart-
erectomy is completed, the aortotomy is closed. On occa-
sion, it is not possible to complete the SMA endarterectomy 
through the transaortic incision. In this case, an arteriotomy 
can be made on the SMA, and a good endpoint can be 
obtained. If the more distal SMA is diseased, and it is thought 
that endarterectomy cannot suffice, a longitudinal arteri-
otomy can be performed and then closed with a patch angio-
plasty using saphenous vein.

This operation has proved to be durable. Its drawback is 
that the patient must be able to tolerate an extensive abdomi-
nal dissection as well as a supraceliac aorta cross-clamp. In 
addition, there is the anatomic constraint that the occlusive 
disease must be limited to the ostium.

Percutaneous Options

The final option for mesenteric revascularization is percuta-
neous transluminal mesenteric angioplasty. The application 
of angioplasty techniques to mesenteric ischemia is in its 
infancy. Currently, there are no standard guidelines for the 

application of angioplasty, and the literature suggest that it is 
being reserved for patients considered to be “extremely poor 
surgical candidates,” which historically have included the 
elderly [41]. However, most of the reports, coming from 
small, single-center experiences, do seem to implicate that 
the percutaneous approach may offer advantages in the short 
term, such as shorter hospital stay and less perioperative 
complications than the open surgical approach [42]. The 
benefits from the percutaneous approach, however, come at 
the cost of lower primary patency rates and higher reinter-
vention rates [43]. For such reasons, percutaneous options 
may be ideal for the high-risk elderly patient – where long-
term durability is not the main concern; but rather achieving 
symptomatic relief to help improve the nutritional status of 
the patient at minimal morbidity to the patient [44]. The 
improving technology for angioplasty, including better cath-
eters, guidewires, low-profile balloons, and stent technology, 
have made angioplasty more applicable to increasingly com-
plex lesions. Ideal lesions for angioplasty are short-segment 
ones that are not being caused by extrinsic constriction. It 
goes without saying that any patient who presents with acute 
mesenteric ischemia and evidence of intestinal infarction 
requires immediate laparotomy, not angioplasty. The tech-
nique for angioplasty of a mesenteric vessel is similar to that 
of any other lesion. Unlike most other peripheral vascular 
interventions that are accessed via a femoral approach, a left 
brachial approach may be easier given the acute angle of the 
SMA takeoff from the aorta. The lesion must be able to be 
crossed with a guidewire. Following placement of the guide-
wire, a balloon must be passed over the wire across the 
lesion. In addition, if necessary, a stent may be placed.

Moreover, using a percutaneous approach can be a useful 
adjunct when treating patients with NOMI. Once the diagno-
sis of NOMI is made, intra-arterial papaverine infusion into 
the SMA is possible. The usual dose is in the range of 
30–60  mg/h. The patient’s response to vasodilator therapy 
is monitored by clinical and angiographic criteria. Of impor-
tance is that there is a resolution of abdominal pain. 
Arteriography should be repeated to document that the 
vasospasm has been broken. Once the vasospasm is broken, 
papaverine treatment should continue for another 24 h. It is 
important to carefully monitor the patients receiving intra-
arterial vasodilator therapy, as marked hypotension can 
result. These patients obviously must be cared for in the 
intensive care unit.

Mesenteric Venous Thrombosis

Mesenteric venous thrombosis is the least common form of 
mesenteric ischemia. It currently accounts for only 5–15% of 
all cases of mesenteric ischemia [45]. As with arterial ischemia, 
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mesenteric venous thrombosis can be divided into acute and 
chronic presentations. Acute mesenteric venous thrombosis is a 
process in which the patient presents with <4 weeks of symp-
toms. Patients who present with more than 4 weeks of symp-
toms without evidence of bowel infarction, or those who have a 
diagnosis of mesenteric venous thrombosis made incidentally 
and it is clinically insignificant, are classified as having chronic 
mesenteric venous thrombosis [46].

The etiology of mesenteric venous thrombosis is classi-
fied into one of two categories: primary or secondary. Primary 
mesenteric venous thrombosis is a spontaneous, idiopathic 
event with thrombosis of the mesenteric veins that is not 
associated with any other disease process or a hypercoagu-
lable state [47]. The frequency of this diagnosis has decreased 
with the improved ability to diagnose hypercoagulable states. 
The conditions associated with secondary mesenteric venous 
thrombosis are hypercoagulability, malignancy, cirrhosis, 
splenomegaly, intra-abdominal infection, trauma, and pan-
creatitis. The hypercoagulable states are usually related to 
hematologic disorders and include protein C and S defi-
ciency, antithrombin III deficiency, dysfibrinogenemia, 
abnormal plasminogen, polycythemia vera, thrombocytosis, 
sickle cell disease, and factor V Leiden mutation.

Although patients with acute mesenteric venous thrombo-
sis can present with a picture similar to that of acute arterial 
thrombosis, their presentation is usually not as dramatic and 
the symptoms not as severe. Therefore, there is often a delay 
in diagnosis. This delay is a major contributory factor to the 
relatively high mortality reported in the literature secondary 
to mesenteric venous thrombosis [48]. Patients usually pres-
ent with a several-day to several-week history of diffuse, 
nonspecific, and often intermittent abdominal pain. Typically, 
these symptoms are gradually progressive. Aside from 
abdominal pain, other symptoms occur much less frequently. 
Physical findings are often vague, with abdominal distension 
being the most common, but it is seen in only approximately 
50% of patients. Peritonitis is present only in advanced cases 
that have progressed to bowel infarction. Studies have indi-
cated that along with bowel infarction requiring resection, 
advanced age, underlying malignancy, and prolong duration 
of symptoms (more than 5 days) are usually predictive of a 
poor outcome [49].

As with NOMI, laboratory tests are usually not helpful for 
diagnosing acute mesenteric venous ischemia. Leukocytosis 
is seen in some patients, as are elevated amylase and LDH 
levels; but once again, this is in the setting of mesenteric 
infarction.

Diagnosis

Mesenteric venous thrombosis is diagnosed by radiographic 
means. Plain abdominal films are usually nonspecific and help 

little with the diagnosis. The most common finding is a nonspe-
cific ileus. Computed tomography (CT) scanning has proved to 
be the most sensitive diagnostic test for mesenteric venous 
thrombosis. CT scanning accurately identified thrombus within 
the SMV and the portal vein [50] (Fig. 65.12). Magnetic reso-
nance imaging has also proved to be sensitive [51]. Duplex 
scanning of the mesenteric veins can be performed as well, but 
has a slightly lower sensitivity than CT scanning.

Unlike with other forms of mesenteric ischemia, mesen-
teric arteriography has proved not to be diagnostically sensi-
tive. Evidence of venous thrombosis can only be seen on the 
venous phase of a selective SMA injection. As with other 
forms of mesenteric ischemia, any patient who presents with 
evidence of peritonitis or other signs of bowel infarction 
should undergo emergent exploratory laparotomy. If mesen-
teric venous thrombosis is diagnosed prior to surgery, antico-
agulation with intravenous heparin should be started 
immediately. If it is diagnosed at the time of laparotomy, 
heparin should be initiated immediately.

Treatment

The guidelines for bowel resection are the same as with any 
other form of mesenteric ischemia. Frankly necrotic segments 
are removed. If there are questionable areas, a second-look 
laparotomy is performed. In general, venous thrombectomy 
is not recommended, as it is almost uniformly unsuccessful; 
although it may be indicated in a few selective circumstances, 
such as when it can be clearly documented that there is throm-
bus within the SMV within 1–3 days of the initial symptoms 
[52]. More recently, thrombolytic therapy has been used, but 
its efficacy is unclear, and its use remains controversial [53]. 
In patients who do not present with peritonitis or who have 

Figure  65.12  CT angiogram, delayed venous phase. White arrow is 
pointing to thrombus within the superior mesenteric vein.
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evidence of bowel necrosis, optimal management consists of 
anticoagulation and observation. Anticoagulation with intra-
venous heparin acutely is followed by chronic anticoagula-
tion with warfarin. Chronic anticoagulation is associated with 
improved survival compared with the survival of those who 
did not undergo anticoagulation [25]. The underlying cause 
of the mesenteric venous thrombosis does not appear to affect 
survival. It is recommended that this regimen continue for the 
life of the patient [54].

Chronic mesenteric venous thrombosis is different from 
acute mesenteric venous thrombosis. Patients usually present 
with vague abdominal pain or slight distension. The most 
frequent presentation is asymptomatic, with the thrombosis 
being an incidental finding on diagnostic imaging for another 
complaint. No specific therapy is generally indicated.

Ischemic Colitis

The final category of mesenteric ischemia in the elderly to be 
considered here is ischemic colitis. As with other causes of 
mesenteric ischemia, ischemic colitis can be caused by 
occlusive or nonocclusive lesions. The colon is normally 
supplied on the right side by the SMA and on the left by the 
IMA and branches of the hypogastric arteries. The collateral 
pathways that exist among the SMA, the IMA, and the hypo-
gastric arteries were described earlier in this chapter. Ischemic 
colitis results when there is obviously decreased flow in one 
of these vascular beds. Patients susceptible to this problem 
are those who have absent or poorly developed collateral 
pathways. It is important to know that previous colonic sur-
gery can interfere with these pathways. The splenic flexure 
of the colon is in a watershed area between the IMA and 
SMA. It is more susceptible than the rest of the colon to isch-
emic injury. In 5% of the population, the marginal artery of 
Drummond is absent or diminutive, and it is also poorly 
developed in the right colon of nearly 50% of the population. 
This helps explain the relatively frequent occurrence of right-
sided ischemic colitis [55]. Ischemic colitis results when the 
colon is rendered ischemic for any of the reasons presented 
previously.

Ischemic colitis tends to produce local and systemic 
symptoms. In particular, there is a release of inflammatory 
cytokines and other mediators of inflammation, which is 
thought to be secondary to endotoxemia and portal bactere-
mia. These situations result from the increased mucosal per-
meability caused by ischemia [56]. Also, if there is reperfusion 
of the ischemic areas, there can be release of oxygen-free 
radicals and other toxins, resulting in further systemic symp-
toms. Moreover, recent studies suggest that neutrophils acti-
vated during the ischemia/reperfusion process play an 
important role [57]. It is therefore not surprising that patients 

with ischemic colitis can be extremely ill and that their 
mortality is often secondary to multisystem organ failure.

Diagnosis

The typical patient who presents with ischemic colitis is an 
elderly man with comorbid conditions, including cardiac dis-
ease, peripheral vascular disease, diabetes mellitus, or renal 
insufficiency. The presentation of ischemic colitis can be 
insidious, with patients complaining of abdominal pain, dis-
tension, and diarrhea. Progression to lower GI hemorrhage 
occurs at an advanced stage of ischemic injury. It usually 
results from sloughing of the mucosa.

Three degrees of severity of ischemic colitis have been 
described [58]. The mildest form involves only the colonic 
mucosa and submucosa. It is estimated that more than half of 
all patients with ischemic colitis have experienced this degree 
of the disease. These patients typically have abdominal pain 
and bloody diarrhea, but the symptoms typically resolve with 
conservative measures and surgery is not required [59]. The 
most severe form of ischemic colitis, which only affects 
10–20% of patients, involves full thickness necrosis of the 
colon, requiring immediate surgical resection. The interme-
diate of ischemic colitis involves the mucosa, submucosa, 
and the muscularis layer of the colon. It can lead to chronic 
stricture due to scarring when the lesion heals or to persistent 
symptoms. Often, in patients with the two milder forms of 
ischemic colitis, the initial presenting symptoms are vague 
and nonspecific. Once again, as with other forms of mesen-
teric ischemia, a high index of suspicion should be main-
tained in patients who present with GI symptoms.

As with other forms of mesenteric ischemia, blood tests, 
although providing collaborative evidence of colonic isch-
emia, are nonspecific. As with midgut ischemia, the presence 
of metabolic acidosis and elevated CPK and LDH levels are 
indicative of advanced colonic ischemia. The most definitive 
way to diagnose ischemic colitis is by endoscopic evalua-
tion. Acutely, pale mucosa with areas of petechial hemor-
rhage is seen with mild ischemia; more severe degrees of 
ischemia are indicated by a dark (blue to black) mucosa, 
which may be accompanied by mucosal sloughing and ulcer-
ation [60]. Because the findings at the time of endoscopy can 
be confused with other forms of colitis, biopsy and histologi-
cal examination may prove to be useful. With ischemic coli-
tis, there is destruction of the crypts, sloughing of the 
epithelium, edema, thrombosis of the capillaries, and a rela-
tive lack of inflammatory cells. Later findings include stric-
ture and fibrosis; biopsy reveals extensive transmural fibrosis 
with mucosal atrophy [61].

Unlike other forms of mesenteric ischemia due to arterial 
lesions, angiography is usually not helpful in this setting. 
This is because often the lesion leading to ischemic colitis is 
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more peripheral and therefore more difficult to detect [62]. 
CT scans are often obtained due to the unclear diagnosis in 
the patient presenting with abdominal pain; they are often 
normal in these patients, particularly those who present early 
in the course of their illness [63]. A late finding highly sug-
gestive of ischemic colitis is pneumotosis [65]. The most 
frequent positive finding is circumferential thickening of the 
colonic wall, which is secondary to edema or hemorrhage, 
but it is nonspecific [65]. The use of other imaging studies 
remains to be experimental, and so far they have proved to be 
insensitive [66, 67] as with other forms of ischemia; findings 
on plain films are not often seen, are usually nonspecific, and 
when seen, usually are due to advanced ischemia. Contrast 
studies are infrequently used to evaluate patients with acute 
abdominal pain; if obtained, thumb printing due to submu-
cosal edema and hemorrhage is the classic finding of isch-
emic colitis.

Treatment

The management of patients with ischemic colitis is indi-
vidualized and depends on the patient’s presentation. Most 
patients who present with ischemic colitis do not have an 
acute abdomen, and therefore emergent surgery is usually 
not necessary. These patients are managed with intravenous 
fluids, administration of broad-spectrum antibiotics, and 
stopping oral intake. The precipitating events for ischemic 
colitis, which are often low-flow states, should be corrected. 
Within 1  week, most patients with mild form of ischemic 
colitis respond well to treatment [68]. In the patient who 
presents with ischemic colitis with no clear cause, visceral 
angiography can be considered; but once again it has a rela-
tively low yield.

Any patient who presents with an acute abdomen 
requires emergent surgery. Those who fail to respond to 
conservative measures and who have persistent bleeding or 
low-grade sepsis require surgical intervention. Surgical 
treatment involves resecting the ischemic segments of 
colon. It is recommended that patients have a colostomy or 
an ileostomy, with a subsequent procedure to restore intes-
tinal continuity [69]. Patients with ischemic colitis have a 
relatively high mortality, but it is usually due to the under-
lying condition that precipitated the ischemic colitis. In 
this sense, it is similar to NOMI. Obviously, patients who 
require surgery have an even higher mortality rate [70]. 
Elective aortic reconstruction for aneurysm disease is 
associated with a 1–2% incidence of ischemic colitis [71]. 
In the emergent setting of a ruptured abdominal aortic 
aneurysm, the incidence of ischemic colitis has been 
reported to be as high as 60% [72]. This association with 
ischemic colitis and aortic reconstruction has often been 
centered around the IMA. Replanting the IMA in aortic 

surgery to prevent ischemic colitis has been discussed, and 
few randomized trials have been done to compare the inci-
dence of ischemic colitis in patients with and without IMA 
revascularization. One recent prospective study, however, 
found that there was no significant reduction in postopera-
tive ischemic colitis in patients with IMA revasculariza-
tion, however, found that age and intraoperative blood loss 
correlated with an increased risk of developing ischemic 
colitis [73]. Ischemic colitis following aortic surgery is 
associated with a high mortality rate, which has been 
reported to be in excess of 50% [74]. In the subgroup of 
patients who require emergent colectomy, mortality is 
nearly 90%. As with other forms of mesenteric ischemia, 
the key to a successful clinical outcome is a timely diagno-
sis, which requires a high index of clinical suspicion. 
Therefore, in any patient who has undergone aortic recon-
struction and develops bloody or heme-positive diarrhea, 
has an unexplained high fluid resuscitation requirement, 
presents with fever and leukocytosis of unknown origin, or 
has an unexplained acidosis, the diagnosis of colitis should 
be suspected and evaluation including endoscopy should 
be undertaken.
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Early in the twenty-first century, inflammatory bowel diseases 
(IBD) remain idiopathic chronic conditions and are often con-
sidered afflictions of the young. However, significant and 
growing proportions of those either presenting with or requir-
ing surgery for Crohn’s disease (CD) or chronic ulcerative coli-
tis (CUC) are elderly. Currently, it is estimated that >1.1 million 
persons in the United States suffer from IBD [1], of which an 
estimated 13–16% are over the age of 60 years. In addition, an 
estimated 65% of all CD patients and 25% of all CUC patients 
require surgery within 10 years of diagnosis [2]. Thus, as the 
proportion of the American population over age 60 increases, 
surgeons and other health-care providers who care for IBD 
patients can expect to see a relative increase in elderly patients 
with IBD who require surgical intervention [3].

Understanding the differences in disease presentation, indi-
cations for surgery, and physiologic differences in the elderly 
as compared to the young patients with IBD is an important 
consideration to deliver the highest quality care possible in 
timely manner, thus optimizing the risk of morbidity in this 
at-risk population [4]. In addition, minimally invasive opera-
tive approaches, which are increasingly being applied to 
patients with IBD, must be tailored to the needs of the elderly 
patient. In this chapter, we review the epidemiology of IBD 
(including the natural history and presentation), differential 
diagnosis, indications for surgery, and operative principles 
(including minimally invasive [laparoscopic] techniques), 
which are relevant to elderly patients with IBD. A summary of 
the highlights of this chapter is provided in Table 66.1.

Epidemiology

Several factors influence the interpretation of data regarding 
the incidence of inflammatory bowel disease (IBD) in the 
elderly: the source of the data (population-based studies 

versus clinical series), the geographic setting (incidence rates 
vary between countries [5]), the definition of elderly, the his-
toric age of the series, and the disease definition [3]. More 
accurate data on the incidence of IBD in the elderly are 
derived from population-based studies because clinical series 
are typically retrospective descriptions of patients from a sin-
gle institution, often a tertiary center where complicated cases 
may be overrepresented. Late-onset cases are variably defined 
in patients ranging from >40 years to those >65 years of age.

Crohn’s Disease Incidence

Crohn’s disease (CD) has been called a disease of the twenti-
eth century, having first been described by Crohn and his col-
leagues in 1932 at Mount Sinai Hospital, New York [6]. The 
incidence of the disease ranges from 3.1 to 14.6 per 100,000 
person-years [7] and usually accounts for one-third to one-
half of cases of IBD. Multiple studies have indicated that the 
incidence of CD in Western society is increasing, and North 
America is considered a high-incidence area [7]. Interestingly, 
although CD is known to be more prevalent in persons of 
North-European and Ashkenazi-Jewish genetic origin [8], a 
recent population-based study from Korea demonstrated the 
incidence of CD has increased from 0.05 in 1986 to 1.34 in 
2005 [9]: the incidence of CD in non-Western populations is 
now approaching those seen in Western countries, although 
Asians with IBD may require surgery less often [10].

The proportion of elderly patients with CD varies in pop-
ulation-based studies from 5.9 to 30.7% [3] with a mean of 
16.0% [11], the age of late-onset being variably defined as 
50–60 years of age. A recent population-based series from 
Stockholm, Sweden noted an increase in the proportion of 
elderly patients (³60 years) from 3.4 to 12.0% between 1955 
and 1989 [12]. Similarly, in a study from Olmsted County, 
Minnesota, the incidence increased from 3.0 from 1940 to 
1949 to 10.8 from 1990 to 2000 [1]. Considering this rise in 
incidence, combined with an increased overall life expec-
tancy, we anticipate a significant increase in the prevalence 
of CD in the elderly in the coming decades.
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Ulcerative Colitis Incidence

Ulcerative colitis was recognized as early as 1859 by Samuel 
Wilks who first described ulcerative colitis in a young woman 
[8, 13]. Since then, CUC has been shown to have an inci-
dence rate in North America ranging from 3.0 to 14.3, almost 
identical to that seen for CD [14]. Also similar to CD, the 
incidence of UC shows interesting geographic differences. 
There has been a stable incidence throughout Europe, and 
greater incidence of both UC and CD in northern Europe was 
confirmed by the European Collaborative Study on IBD 
(EC-IBD) [15]. Also paralleling CD, the findings of increased 
incidence of CUC in Asia have also been observed. The inci-
dence of CUC in the Songpa-Kangdong district of Seoul, 
Korea ranged from 0.34 in 1986 to 3.08 in 2005, lower than 
that observed in the West, but nonetheless on the rise [9]. 
Similar results have been seen in Hong Kong, China [16]. 
However, incidence data for UC may be influenced by inclu-
sion or exclusion of patients with ulcerative proctitis, as 
available data suggest this entity is more common in elderly 
individuals [17].

Population-based studies suggest that the proportion of 
patients with late-onset UC (defined variably as >50 to >70 
years) ranges from 8.1 to 43.9% with a mean of 12.0%. The 
EC-IBD study also found that the age-specific incidence of 
UC decreases with age in women, but not in men, confirming 
reports by others [17, 18].

Unimodal vs. Bimodal Age Distribution

Although in the past many epidemiologic studies demon-
strated a bimodal distribution in the age at diagnosis for both 
UC [19, 20] and CD [20], more recent studies have not and 
this postulate is currently considered controversial [1, 7, 21]. 
As this issue is particularly pertinent to elderly patients with 
IBD, in the following sections we review the evidence for 
and against bimodality.

In older studies, the first age peak (mode) typically 
occurred during the third decade, whereas the second varied 
between the age of 50 and 80 years. The reason for the 
observed bimodality was not known, although several theo-
ries have been proposed. One is that the two peaks represent 
two types of disease, or a differential effect of age on the 
underlying disease. The variation in the anatomic distribu-
tion of CD depending on the patient’s age is an example of 
the latter: CD of the terminal ileum tends to present in young 
patients [22], producing a unimodal age distribution for small 
bowel CD, with a peak during the third and fourth decades 
[23]. Conversely, older patients tend to have purely colonic 
disease, and the second peak has been found to be comprised 
predominantly of elderly women with Crohn’s colitis, often 
left-sided [24, 25].

Another earlier theory that misdiagnosis was responsible 
for the second peak has gained less credence with time. As 
Crohn’s colitis and UC came to be recognized as distinct 
clinical and pathologic entities during the middle part of the 
twentieth century, some authors ascribed the second peak to 
misclassification of such other conditions as ischemic and 
infectious colitis [26]. That may possibly have been so at one 
time, as was well shown in a retrospective review by Brandt 
et al. [27], where of 81 patients >50 years with a diagnosis of 
colitis, only 14% were thought to have UC and 5% to have 
CD after further consideration; ischemic colitis was the diag-
nosis assigned to three-fourths of the series. However, even 
exclusion of ischemic colitis did not abolish the second peak 
in UC; the incidence of UC in the elderly appears to have 
continued to increase, not decrease, in the face of improved 
diagnostic ability.

In 1996, Shivananda et  al. reported for the EC-IBD 
project. In that study, which included 2,201 patients from 
across Europe from 1991 to 1993, no bimodality for either 
CD or CUC was observed [21]. Similarly in 2007, Loftus 
et al. updated the Olmsted County, MN experience with IBD 
from 1940 to 2000 [1]. Regarding bimodality, this pattern 
was only observed in men with CUC, and this subgroup (i.e., 
men with CUC) presented later in life than women with 
CUC. Changes in smoking patterns over the decades may 
play a role in the etiology of these age and gender observa-
tions [28]. Further study will be needed to refute or corrobo-
rate the suggestion that both CD and CUC actually have a 
unimodal, and not bimodal, age distribution.

Table 66.1  Summary table

•	 It is estimated that >1.1 million North Americans suffer from 
inflammatory bowel disease of which approximately 15% are over 
the age of 60 years

•	 Population-based studies suggest that the incidence of inflamma-
tory bowel disease is increasing, including in the elderly

•	 The diagnosis of inflammatory bowel disease that presents in the 
elderly may be confused with other age-related colonic pathologies 
such as diverticular disease and ischemic colitis, but elderly 
patients with IBD may be less likely than younger patients to 
require surgery

•	 The surgical approach to elderly patients with Crohn’s disease who 
require surgery parallels the surgical approach to young patients

•	 The surgical approach to elderly patients with ulcerative colitis 
who require surgery is significantly different than in young 
patients, with age-related cancers, age-related comorbidities, 
age-related fecal incontinence, altered lifestyle and decreased 
life-span, and anticipated need for pelvic radiation, all more likely 
to contribute to a nonrestorative approach to proctocolectomy with 
permanent ileostomy

•	 A significant proportion of elderly patients with permanent stoma 
will experience a stoma-related complication

•	 Advanced age alone should not be an absolute contraindication to 
ileal pouch-anal anastomosis

•	 Advanced age alone should not be an absolute contraindication to 
laparoscopic colectomy

•	 Elderly patients who require surgery for IBD are at increased risk 
of postoperative complications relative to young patients
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Presentation and Natural History

Presentation

Overall, the presentation of CD and UC in the elderly does 
not vary significantly from that in the young population. 
A  review of the clinical features in patients more than 50 
years of age with CD found abdominal pain (82%), diarrhea 
(70%), weight loss (56%), and rectal bleeding (26%) to be 
the most common presenting features [29]. Toxic dilatation 
at presentation was rare. However, the initial diagnosis of 
IBD in the elderly is more often incorrect (64% of patients 
older than 65 years versus 96% of younger patients [30]) or 
delayed (despite clinical characteristics similar to those in 
younger patients) because of confusion caused by a higher 
incidence of diverticular disease and cardiovascular disease 
[31]. This delay in final diagnosis may in part result in the 
higher observed complication rate, which is seen in elderly 
as compared with younger IBD patients (36% vs. 16%, 
respectively), and a higher mortality rate [30].

Natural History

There are conflicting reports on the natural history vis-à-vis 
surgical intervention for CD and UC in the elderly. Gupta 
et al. [32], in a series of patients with both CD and UC, found 
that few patients required operation. This concurred with the 
findings of Fabricius et  al. [33], who found that in elderly 
patients with CD, the course of the disease was largely 
dependent on the site of the lesion. Most of those with distal 
ileal disease required laparotomy for obstruction, peritonitis, 
or to rule out carcinoma, but thereafter, the prognosis was 
good. In contrast, patients with colonic disease rarely 
required operation and were managed medically. This con-
trasted with findings from others [34, 35] where 40–91% of 
those with colitis required surgery.

The natural history in UC is also the subject of contro-
versy. Jones and Hoare [36] found that elderly patients were 
admitted more often with their first attack and were more 
likely to receive intravenous steroids than younger patients, 
but none required emergent surgery, and mortality on follow-
up was no greater than that expected in the general popula-
tion of the same age. The prognosis was found to be the same 
as in younger patients. This differs from Brandt et al. [37], 
who noted that in a group of 11 patients with UC, two devel-
oped toxic dilatation, three underwent operation, and three 
died during the first admission, leading to the conclusion that 
the prognosis was worse in the elderly as compared with 
younger patients. This conclusion has been supported by a 
study that utilized the Nationwide Inpatient Sample which 

found that IBD patients >65 had higher mortality (odds ratio 
3.9, 95% confidence interval [2.5–6.1]) even after adjusting 
for comorbidities [4]. Thus, current evidence supports that 
the elderly with IBD may have an equivalent, and likely 
worse, prognosis as compared with younger patients.

Differential Diagnosis

The majority of elderly patients with IBD will present with 
classic symptoms such as weight loss, abdominal pain, or 
bleeding and may prompt a workup for, and confusion with, 
more common pathology such as diverticular disease, isch-
emic colitis, or colorectal carcinoma as mentioned in the sec-
tion “Natural History.” However, due to effects of aging on 
physiology, elderly patients may present with atypical signs 
and symptoms. IBD should be considered during the evalua-
tion of elderly patients with digestive complaints, particu-
larly chronic diarrhea with or without bleeding. Symptoms 
in the elderly may not suggest IBD for reasons that include 
blunted response to pain, poor communication because of 
altered comprehension or hearing, fear of the medical system, 
and focus on cancer as the most likely cause of symptoms 
[11]. A delay in diagnosis is common in old patients with 
IBD and may result in inappropriate treatment and a higher 
rate of complications [4, 30].

The differential diagnosis of IBD in the elderly includes 
ischemic colitis, diverticular disease, infectious colitis such 
as Clostridium difficile colitis (antibiotic-associated colitis) 
or cytomegalovirus (CMV) colitis, and of course, colorectal 
and other cancers. Less common entities that should be con-
sidered are collagenous colitis, lymphocytic colitis, radiation 
enterocolitis, lymphoma, carcinoid, vasculitis, and drug-
induced colitis [11]. Diagnostic evaluation is generally unaf-
fected by age, although elderly patients may be more likely 
to have underlying renal insufficiency precluding intrave-
nous contrast, especially in the face of dehydration. 
Nonetheless, prompt diagnostic evaluation may be particu-
larly important in elderly patients who may present with 
atypical symptoms. Two particularly common sources of 
diagnostic confusion are ischemic colitis and diverticulitis.

Ischemic Colitis

A history of cardiovascular disease may suggest a diagnosis 
of ischemic colitis. Occasionally, there is difficulty distin-
guishing ischemia from IBD. Brandt et al., in a study of 81 
patients, found that half were originally diagnosed with 
CD, UC, or nonspecific colitis, but on retrospective review, 
ischemic colitis was diagnosed in 75% of the series [37]. 
The authors raised the question as to whether such incorrect 
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diagnoses might explain why colitis is reported to behave 
differently in the elderly. It is known that ischemic changes 
may mimic UC or CD. Computed tomography (CT) scan-
ning of the abdomen and pelvis may not be able to differen-
tiate the etiology of colitis. The addition of CT angiography 
(CTA) to the diagnostic armamentarium may assist clini-
cians in ruling out macrovascular ischemic colitis by allow-
ing visualization of the patency of the mesenteric arteries 
and veins without formal angiography, at a lower dye load 
than traditional angiography. If ischemic colitis is strongly 
considered, clinicians should consider nonintravenous CT 
initially, or followed by, or proceeding directly to CTA if 
ischemic colitis is strongly suspected.

Diverticulitis

In addition to often being confused with ischemic colitis, IBD 
in the elderly presenting as segmental colitis may also  be 
confused with segmental colitis associated with diverticular 
disease (SCAD) [38, 39]. Distinguishing segmental CD with 
diverticula from pure diverticulitis may be difficult, as each 
may have abdominal pain, diarrhea, fistula, and abdominal 
mass; blood in the stool, especially if in small amounts and 
frequent, should suggest CD. Peppercorn et al. described eight 
patients with segmental chronic active colitis associated with 
sigmoid diverticula [40]. These patients were all over 60 years 
of age, and none had features of CD. Endoscopy reveals a 
characteristic appearance with patchy areas of hemorrhage in 

the sigmoid colon; biopsy demonstrates focal chronic active 
colitis without granulomata. It is important to consider this 
differential diagnosis, as major complications may be increased 
following surgery for suspected diverticulitis in elderly patients 
with unrecognized CD [41].

Surgical Therapy

Many aspects of the surgical therapy of Crohn’s disease and 
ulcerative colitis are similar. This is particularly true with 
regard to indications (especially emergent ones), preopera-
tive evaluation, and preoperative preparation. There are many 
excellent book chapters and atlases that deal with operative 
details [8, 42] but few describe adjustments that must be con-
sidered when operating on the elderly patient. This section 
highlights factors that may influence decision making in the 
older patient. A summary of recent studies of Crohn’s disease 
in the elderly is presented in Table 66.2.

Crohn’s Disease: Indications for Elective Surgery

Despite advances in the medical therapy of Crohn’s disease, 
most patients undergo surgical intervention at some point 
during their lifetime. The National Cooperative Crohn’s 
Disease Study reported operative rates of 78% at 20 years 

Table 66.2  Summary of recent studies of Crohn’s disease in the elderly

Author Institution Year Study design Age (years) Elderly (N) Major findings/comments

Heresbach  
et al. [107]a

Hospital Pontchillou, 
France

2004 Population-based, 
comparative

³ 60 63 Elderly with similar overall incidence, more 
colonic involvement, more likely to also 
have diverticular disease and granulo-
mas, and had more easy-to-manage flares

Triantafillidis  
et al. [108]

Saint Panteleimon,  
Greece

2000 Case-control > 60 19 Terminal ileal involvement most common. 
Elderly more likely to present with 
acute abdomen, had higher complica-
tion rate, and lower rate of surgery for 
perianal disease. No difference in 
postoperative recurrence patterns

Norris et al. [109] University of 
Sydney, Australia

1999 Subgroup 
comparisons

> 55 33 Bimodal age distribution. Elderly with 
more colonic involvement, fewer 
ileocecal resections, and higher rate of 
cardiopulmonary complications

Wagtmans  
et al. [110]

Leiden University,  
The Netherlands

1998 Case-control > 40 98 Elderly were less likely to present with 
abdominal pain, shorter time from 
symptoms to diagnosis, more likely to 
be misdiagnosed, had a shorter interval 
from diagnosis to first operation, and 
recurred faster but less frequently. In 
summary, CD in elderly with a more 
rapid onset and time course

aHigh quality/recommended



84166  Surgery for Inflammatory Bowel Disease in the Elderly

and 90% at 30 years from diagnosis [43]. The form of this 
intervention is determined by the operative indication, extent 
of disease, and site within the gastrointestinal tract.

For CD, but not ulcerative colitis, the risk of surgery for 
non-neoplastic IBD decreases with increasing age at diagno-
sis, irrespective of disease distribution and history of ciga-
rette smoking [44].

Fistulas and Abscesses

Fistulas and abscesses, hallmark manifestations of Crohn’s 
disease, are the most common indications for surgical inter-
vention. The presence of fistulizing disease, with or without 
accompanying abscess, was the reason for operation in 35% 
of 482 patients in an early series reported by Farmer et al. 
[45] More recent series, including multicenter studies, have 
confirmed the prominence of this complication as an indica-
tion for operation. The risk of developing fistulas is to some 
extent related to the site of the underlying Crohn’s disease. 
Fistulas appear to arise more commonly from the ileocolic 
distribution; 44% occurs in patients with ileocolitis, com-
pared with 32% in patients with more proximal small bowel 
distribution, and 23% in those with colonic disease alone.

Fistulas may develop between diseased bowel and any 
structure or surface adjacent to the inflammatory process. 
They may be internal or external. Internal fistulas may, for 
example, be classified as enteroenteric, enterocolic, enterove-
sical, or enterovaginal. External fistulas are enterocutaneous, 
perianal, and perirectal. Accompanying abscesses may be 
within the peritoneal cavity (enteroparietal), interloop, 
intramesenteric, retroperitoneal, or perianal.

Symptomatic fistulas generally require operative interven-
tion. Corticosteroids rarely result in fistula closure. Fistulas 
have been demonstrated to heal in 30–40% of patients given 
6-mercaptopurine [46] but only in the absence of obstruction. 
Similarly, the Food and Drug Administration (FDA)-approved 
antitumor necrosis factor-a antibody (anti-TNF-a) antibody 
infliximab has been shown to be efficacious in healing fistu-
las in up to 55% of patients [47]. Percutaneous drainage 
under antibiotic coverage is the first-line therapy for abscesses, 
followed by resection of the affected bowel. Long-standing 
fistula and chronic pelvic abscess cavities can harbor scir-
rhous type adenocarcinoma.

Obstruction

Obstruction is the second most common indication for opera-
tion; in one report, it occurred in 34% of patients undergoing 

surgical therapy of Crohn’s disease [45]. It is seen in 55% of 
patients requiring operation for small bowel disease, 35% 
where there is ileocolic disease, and 12% in patients with 
Crohn’s colitis. Early obstructive symptoms may improve 
with steroid therapy, but longer-standing symptoms gener-
ally indicate a fibrotic stricture that does not respond to 
medical therapy. These long-standing strictures, especially 
colonic but also in the small bowel, are worrisome for 
harboring adenocarcinoma.

Carcinoma

There is an established association between Crohn’s disease 
and carcinoma of the colon and the small bowel. The magni-
tude of this association is, however, controversial. Carcinoma 
complicating the inflammatory state can be difficult to rec-
ognize on preoperative radiologic studies and even macro-
scopically at operation. For this reason, it is advised that all 
sites of stricturing undergoing stricturoplasty, rather than 
resection, should be biopsied to exclude underlying malig-
nancy. Resection of malignancy that occurs in a background 
of Crohn’s disease unfortunately has poor results, particu-
larly in the small intestine [48].

Refractory to Medical Therapy

In the absence of indications mandating prompt surgical ther-
apy, patients with symptomatic Crohn’s disease undergo medi-
cal therapy. The severity and extent of disease determine the 
role of sulfasalazine, 5-aminosalicylic acid (5-ASA) com-
pounds, antibiotics, steroids, immunosuppressive drugs, and 
biologic agents such as anti-TNF-a antibodies. Operative inter-
vention is indicated if the response to medical therapy is incom-
plete, side effects develop, or planned withdrawal of steroids, 
for example, is not possible once a response has been induced.

Indications for Emergency Surgery

Toxic Colitis

A diagnosis of toxic colitis mandates emergent treatment. 
One of the most useful definitions includes a subjective and 
an objective component [42]. Toxic colitis is defined as an 
acute “flare” of Crohn’s disease accompanied by two of the 
following: fever (>38.6°C), hypoalbuminemia (<3.0  g/dl), 
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leukocytosis (>10.5 × 109  cells/l), tachycardia (>100  beats/
min). Megacolon is additionally diagnosed by colonic dilata-
tion of more than 5  cm. A low threshold of suspicion is 
important in the elderly, where age alone can mask classic 
abdominal symptoms and signs, even in the absence of ste-
roids or immunosuppressive agents, which may also conceal 
symptoms.

Therapy should be instituted as soon as the diagnosis is 
suspected. Emergent operative intervention is necessary in 
the presence of perforation, peritonitis, sepsis, and massive 
hemorrhage. In the absence of these findings, medical ther-
apy is initiated with intravenous rehydration, high-dose par-
enteral corticosteroids or other immunosuppressive drugs, 
bowel rest, and broad-spectrum antibiotics. A vital compo-
nent of treatment is frequent serial abdominal examinations 
and abdominal radiographs. Deterioration during therapy is a 
further indication for operation, as is failure to improve after 
5–7 days of conservative treatment, or 24–48 h in the case of 
megacolon. Surgical management should be pursued aggres-
sively in the elderly, who have little physiologic reserve and 
are less well able to survive the consequences of colonic 
perforation.

Perforation

Free perforation is unusual but may occur in the setting of 
acute disease or chronic disease. With acute toxic colitis, 
perforation occurs in the presence of a dilated, friable colon 
with transmural inflammation. Perforation in patients with 
chronic disease occurs in the presence of an acute exacerba-
tion of small bowel disease often in association with obstruc-
tion. Perforation occurs in fewer than 2% of patients with 
small bowel CD [49]. More commonly, the fistulizing nature 
of CD results in adhesions to adjacent loops of bowel that 
contain the process and prevent free perforation; an abscess 
so formed may itself perforate and result in purulent perito-
nitis or fecal peritonitis if there is a free connection to the 
bowel lumen.

Hemorrhage

Hemorrhage, a relatively unusual complication of CD, 
should be treated in a fashion similar to that for significant 
gastrointestinal bleeding due to other causes. The patient’s 
condition should be stabilized while investigations proceed 
to determine the site of bleeding. Emergent operative inter-
vention is indicated for persistent hemodynamic instability 
after transfusion with 4–6 units of blood, recurrent bleeding, 
or an additional indication for resection of the diseased 
bowel. The elderly, particularly those with coexisting cardio-
pulmonary disease, have little physiologic reserve, and early 

operative intervention should be considered in those who 
have demonstrated unstable vital signs.

Preoperative Preparation

Completion of Workup

Initial studies are guided by the patient’s symptoms. Once 
the primary site of Crohn’s disease has been identified, the 
remainder of the gastrointestinal tract should be evaluated to 
identify the presence of coexistent sites of disease, which 
may determine the nature and extent of the operative 
approach. For example, the individual with obstructive-type 
symptoms may undergo a CT, CT-enterography, or small 
bowel series indicating ileocecal disease; the operative 
approach is different depending on whether the disease is 
localized or there is also coexistent extensive colitis demon-
strated on colonoscopy. The Montreal classification of CD is 
especially useful is classifying the extent of disease 
(Table 66.3). Such information is important when discussing 
the nature of the operative approach, the extent of resection, 
and the likely postoperative course.

Preoperative Discussion

Knowing the extent and severity of disease assists in preop-
erative discussions with the patient and family. Procedure-
specific risks should be discussed and tailored to the patient 
and to the procedure contemplated. Such risks may include 
bleeding with the attendant risks of blood transfusion, 
wound  infection, anastomotic leak and possible abscess, 

Table 66.3  Montreal (Revised Vienna) classification of Crohn disease

Category Abbreviation Description

Age (of diagnosis) A1 <16 Years old
A2 17– 40 Years old
A3 ³40 Years old

Location  
(pre-surgical)

L1 Terminal ileum
L2 Colon
L3 Ileocolonic
L4a Upper gastrointestinal tract

Behavior B1b Non-stricturing, non-penetrating
B2b Stricturing
B3b Penetrating

Source: Reproduced with permission, Can J Gastroenterol 2005;19 
(Suppl A):5A–36A
aMay be added to L1, L2, or L3 for synchronous disease (e.g., L2 + L4 =  
colon + upper)
bMay add “p” as a perianal disease modifier (e.g., B3p = penetrating +  
perianal)
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enterocutaneous fistula, or peritonitis, and the likelihood of 
the need for a temporary or permanent stoma. Comorbidities, 
more prevalent in the elderly, need to be thoroughly assessed, 
and increase the risk of operation and anesthesia and should 
be discussed with the patient.

Bowel Preparation

Recent level I evidence suggests that mechanical bowel 
preparations (MBP) can be safely omitted during elective 
colorectal resections and anastomoses as MBP may be asso-
ciated with increased anastomotic leakage rates [50]. This 
has been postulated to be related to the presence of liquid (as 
opposed to solid) stool, or nutritional/metabolic/toxic altera-
tion of the enterocolonic mucosa.

Currently, MBP is widely practiced and remains the stan-
dard of care. For elective MBP or for constipated patients, 
most commonly recommended is a clear liquid diet for 24 h 
preoperatively with 2–4 L of polyethylene glycol with oral 
rehydration the evening before surgery. Nil per os (NPO) 
after midnight is still routine despite evidence that clear liq-
uids up to 4 h preoperatively increases gastric emptying and 
reduces the risk of aspiration, and important consideration in 
elderly patients who may be at increased risk of delayed gas-
tric emptying.

The MBP regimen must be modified in the patient with 
obstructive symptoms and may include a longer period of 
clear liquids in addition to low volume cathartics such as 
milk of magnesia (30 cc), magnesium citrate, or phospho-
soda. However, surgeons must be aware that phospho-soda, 
although generally well tolerated by most patients, is con-
traindicated in those with known renal impairment (such as 
the elderly), electrolyte abnormalities, cardiovascular dis-
ease, bowel obstruction or otherwise altered GI motility or 
permeability, and in the elderly in whom it has been associ-
ated with acute phosphate nephropathy [51]. Tap water or 
phospho-soda enemas may be more helpful, particularly in 
the presence of obstructive symptoms. Despite the now rou-
tine use of bowel preparation in the outpatient setting, 
selected elderly patients, particularly those with cardiac dis-
ease such as aortic stenosis, may require hospitalization to 
prevent dehydration and avoid dramatic fluid shifts.

Intravenous antibiotic preparation does not differ from 
routine bowel surgery and typically consists of a second- or 
third-generation cephalosporin (e.g., Cefoxitin), or a qui-
nolone (e.g., Ciprofloxacin) with metronidazole and in the 
case of penicillin, quinolone, or metronidazole allergy, 
vancomycin is used. Antibiotics must be administered 
within ½ h prior to skin incision and redosed intraopera-
tively after 4–6 h, and in the absence of an indication for 
ongoing antibiotic treatment discontinued within 24  h 
postoperatively.

Steroid Preparation

Recent level I data suggests that with the exception of 
patients with primary diseases of the hypothalamic–pitu-
itary–adrenal axis, stress-dose steroids may be safely omit-
ted as long as the patient continues to receive their usual 
daily dose [52]. However, current standard of care is for peri-
operative stress doses of corticosteroids to be administered if 
the patient has been treated with steroids within the preced-
ing 6 months, a common occurrence in IBD patients. Our 
current preference is to administer methylprednisone 40 mg 
IV on call to the operating room, 30 mg every 12 h for the 
next 24 h, and then 20 mg daily; an alternative regimen is 
50 mg of hydrocortisone on call to the OR, then 50 mg every 
12 h in the first 24 h, 25 mg every 12 h the 2nd day, 12.5 mg 
every 12 h (or equivalent of the patients’ usual dose) on the 
3rd day, and the equivalent of the patients’ usual dose the 4th 
day. Continuation of the taper depends on the preoperative 
dose and duration of steroid therapy but generally occurs 
slowly over a period of 6 weeks.

Electrolyte and Nutritional Deficits

Appropriate preoperative testing may reveal abnormalities. 
Electrolyte derangements, anemia, dehydration, and coagu-
lation deficits should be corrected in both elective and emer-
gent settings. Correction of nutritional deficits, as evidenced 
by weight loss, hypoalbuminemia, and negative nitrogen bal-
ance, is controversial. The use of total parenteral nutrition 
(TPN) has been shown in some series to improve nutritional 
parameters but does not significantly reduce postoperative 
complications [53].

One randomized study of severely nutritionally depleted 
patients undergoing GI surgery, a category which often 
applies to IBD patients, demonstrated a reduction in postop-
erative complications when such patients received 10 days of 
enteral nutrition preoperatively [54]. In addition, one series 
[55] did show that the extent of small bowel resection was 
less in patients receiving preoperative TPN, but this finding 
is possibly of clinical value only in patients who would oth-
erwise be at risk of short bowel syndrome.

Enterostomal Therapy

Preoperative preparation of the patient for a stoma is invalu-
able, regardless of whether an ileostomy or colostomy is 
being considered and whether it is to be temporary or per-
manent. Preparation consists of marking the abdomen pre-
operatively and patient education. Such marking guides the 
correct site of the stoma within the rectus muscle, away 
from bony prominences and skin creases and scars. 
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Preoperative education and counseling, preferably from an 
enterostomal therapist, is valued by patients.

Operative Principles

Resection, Stricturoplasty, Diversion, or Bypass

Resection, with the goal of preserving as much absorptive 
bowel length as possible, is generally the approach of choice 
in patients whose symptoms are sufficient to merit operative 
intervention. In elderly patients, the colon is the most com-
mon site of disease, and with rare exceptions, symptomatic 
disease is resected. The surgery may take the form of seg-
mental resection with primary anastomosis with or without 
diverting ostomy for limited colonic disease, or a subtotal 
colectomy with or without anastomosis, or proctocolectomy 
and Brooke ileostomy. Controversially, some centers con-
struct ileal pouch-anal anastomosis (IPAA) in the setting of 
known CD; at our institution, CD is considered an absolute 
contraindication to IPAA, especially in the elderly. With 
small bowel disease, the ileocecal region is often affected 
most severely and merits resection.

Stricturoplasty is generally employed in the small bowel 
to avoid resection. It is usually not necessary at a first opera-
tion but can be employed at subsequent procedures to widen 
the lumen of the bowel at short strictures, and multiple to 
many stricturoplasties may be performed concurrently. 
Although active Crohn’s disease is left in situ by this method, 
it does not appear to increase the rate of subsequent reopera-
tion and has proven invaluable for preserving small bowel 
length in patients who would otherwise be at risk of short 
bowel syndrome. Stricturoplasty is less commonly used at 
anastomotic strictures but can be useful in this situation. It is 
advisable to obtain frozen section biopsy of the stricture 
being left in situ, as although quite rare (less than 0.1%), 
small bowel cancer has been observed in strictures [56].

In rare cases, when a resection or stricturoplasty of the 
diseased segment cannot be safely performed, diversion of 
the fecal stream or enteroenteric (internal) bypass may be 
the only remaining options and used as temporizing mea-
sures to improve the patients’ condition [42]. Specifically, in 
the case of phlegmonous involvement of vital (vascular) 
structures (e.g., the iliac artery and vein), several options 
exist including exclusion with proximal external diversion 
and distal mucus fistula construction (to avoid creating a 
closed loop), or internal bypass, which allows the fecal 
stream proximal to the diseased segment to be diverted to a 
healthy segment while allowing the area distal to drain nor-
mally. As the patients’ condition allows these, temporizing 
may allow sufficient healing to occur to allow more defini-
tive surgical options.

Extent of Resection: Macroscopic vs. Microscopic 
Margins

The extent of resection is essentially based on the surgeon’s 
judgment at operation and the ability to recognize macro-
scopically diseased bowel. Typical small bowel disease is 
manifested by bowel wall thickening and induration; serosi-
tis and prominent vessels running on the surface of the 
serosa; “creeping fat” or encroachment of mesenteric fat 
over the bowel wall; and thickening along the mesenteric 
edge of the bowel (Figs.  66.1 and 66.2). Correlating with 
these changes in the bowel are a characteristic thickening of 

Figure 66.1  Crohn’s disease, gross specimen, terminal ileitis. Note the 
creeping fat, serosal hyperemia, mesenteric lymphadenopathy, and 
ileo-ileal fistulization.

Figure 66.2  Crohn’s disease, sectioned gross specimen, terminal ileitis. 
Note the transmural inflammation, strictured lumen, and linear (cat-
scratch) ulceration which are typically pathognomonic for Crohn’s dis-
ease, as compared to ulcerative colitis.
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the mesentery, with enlarged lymph nodes that may occur 
diffusely throughout the small bowel mesentery but are usu-
ally more prominent at sites of active disease. Establishing 
the extent of disease in the colon may be more problematic 
by inspection of the external appearance alone, and intraop-
erative colonoscopy may prove invaluable in such cases.

Adequate margins are obtained by resecting back to macro-
scopically normal bowel. Once a subject of controversy, radi-
cal margins of resection now are thought to sacrifice more 
functioning small bowel than is of benefit for reducing recur-
rence. Several retrospective series have demonstrated no rela-
tion between the presence of microscopic disease at resection 
margins and the rate of recurrence [57, 58]. Hamilton et al. [59] 
compared patients undergoing frozen section evaluation of 
margins with a group whose margins were judged macroscopi-
cally free of disease; at 10 years, the clinical recurrence rates 
were not significantly different (60 and 66%, respectively), nor 
were the reoperative rates (36 and 32%, respectively). More 
recently, a randomized prospective trial comparing macroscop-
ically free margins of 2 cm versus 12 cm has revealed no differ-
ence in clinical or operative recurrence rates at 5 years [60]. 
The advent of postoperative medical prophylaxis with mesala-
mine, azathioprine, and other medications has made micro-
scopic disease-free resection margins moot [61].

Type of Anastomosis: Hand sewn vs. Stapled

Standard surgical principles apply to the creation of any 
anastomosis, ensuring good blood supply, lack of tension, 
and correct orientation. Use of suturing or stapling tech-
niques depends on the surgeon’s preference. Recent level I 
data demonstrated that the anastomotic technique had no 
impact on postoperative outcomes [62], while a meta-analysis 
found side-to-side (linear stapled) anastomoses to be supe-
rior. This finding is especially relevant for surgeons who do 
not perform a high volume of hand-sewn anastomoses or 
who do not see a high volume of CD patients. As anasto-
motic staples are not intended to be hemostatic (least they 
induce tissue necrosis), it is important to check the suture 
line for excessive oozing.

Operative Approach: Minimally Invasive 
(Laparoscopic) Surgery

Laparoscopic (LAP) or minimally invasive surgery (MIS) 
techniques are being increasingly used for Crohn’s disease, a 
disease that was once thought not to be compatible with the 
laparoscopic approach. Initial concerns centered on the inher-
ent inflammatory nature of the disease, with its attendant 
thickened bowel and mesentery and frequent association with 
fistulas and abscesses, which can make even open surgery 

challenging. As experience with the technique has grown to 
include hand-assisted laparoscopic surgery (HALS), the fea-
sibility and benefits of this approach in selected patients are 
becoming even more apparent. To date, several randomized 
trials and a meta-analysis have demonstrated the benefits of a 
MIS resection for ileocecal and small bowel disease [63]. 
Although these procedures take longer to perform, patients 
had shorter lengths of stay and lower morbidity. The presence 
of fistulas and abscesses do not necessarily preclude a suc-
cessful laparoscopic approach, this being possible in up to 
75% of such patients. A similar success rate was demon-
strated in patients who had undergone prior abdominal opera-
tions. The procedure results in statistically significant and 
clinically relevant benefits, with patients exhibiting less pain, 
more rapid resolution of ileus, and earlier discharge [64]. 
Similar benefits have been demonstrated after MIS colectomy 
for Crohn’s colitis [66] and also in elderly patients. A case-
control series from the Mayo Clinic [64] of laparoscopic 
resection versus matched open resection found in the former 
group that postoperative ileus resolved more rapidly, patients 
had fewer postoperative complications, and they were dis-
charged sooner. In addition, a significantly larger percentage 
of patients in the laparoscopy group were discharged to their 
own homes and remained independent after operation, an 
important consideration in the elderly.

It is now understood that age alone is not a contraindication 
to laparoscopic colon and rectal surgery [66], and several stud-
ies have examined the benefits of laparoscopic colorectal sur-
gery in the elderly. Law et al. reported on the outcomes in a 
series of 65 patients over the age of 70 compared with 89 
patients who had undergone open surgery [67]. They found 
benefits typical of a laparoscopic approach including earlier 
return of GI function and earlier discharge, but also found that 
LAP elderly patients had fewer cardiopulmonary complica-
tions. Similarly, Frasson et al. reported the results of a subgroup 
comparison from a randomized study of laparoscopic colorec-
tal surgery of which 201 were >70 years of age [68]. They also 
found that the benefits of laparoscopic surgery are more pro-
nounced in elderly patients; specifically, elderly patients who 
underwent LAP had lower morbidity and short lengths of stay. 
Although care must be taken to assess the impact of pneumo-
peritoneum on the cardiopulmonary comorbidities frequently 
seen in the elderly, clearly age alone is not a contraindication to 
LAP, and at our institution, is the preferred approach.

Management by Anatomic Site

Gastric and Duodenal Disease

Primary gastric disease is an unusual manifestation of CD 
[69]. Endoscopy may reveal gastric dilatation and superficial 
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ulceration. The findings may be suggestive of peptic ulcer 
disease or may be difficult to distinguish from carcinoma. 
Biopsy may reveal characteristic granulomas. Patients may 
undergo gastrectomy if carcinoma cannot be excluded.

The duodenum may be the site of primary or secondary 
manifestations of CD. Primary CD is unusual; the early non-
specific symptoms are suggestive of peptic ulcer disease and 
may respond to antacids and systemic treatments for CD 
such as corticosteroids, immunomodulators, and biologic 
agents. In terms of definitive surgical management in the era 
of proton pump inhibitors, laparoscopic gastrojejunostomy 
with or without vagotomy has become an attractive alterna-
tive to open gastrojejunostomy and in experienced hands is 
the procedure of choice [70] for the palliation of CD-related 
gastric outlet obstruction. The omission of vagotomy (in leiu 
of PPI treatment in the face of complications) or performing 
a highly selective vagotomy prevents the marginal ulceration 
associated with bypass alone and avoids the postvagotomy 
diarrhea associated with truncal vagotomy. Duodenal stric-
turoplasty is technically challenging and rarely performed, 
even in tertiary referral centers.

More commonly, the duodenum may be secondarily 
affected as a bystander adjacent to fistulizing disease in the 
ileum or colon, especially from a previous ileocolic anasto-
mosis. This complication may be reduced by performing an 
ileoascending anastomosis, preserving as much of the right 
colon as possible at the time of ileocecal resection. The 
omentum should be used whenever possible to separate the 
anastomosis from the duodenum. Bystander duodenum may 
be closed primarily in a transverse manner.

Jejunoileal Disease

Manifestations of CD in the small bowel may be localized or 
diffuse. Most commonly, localized disease occurs distally 
and is generally amenable to resection, particularly at first 
operation. This also holds true for several segments of disease 
concentrated in one area, where a single resection and anasto-
mosis is preferred rather than several anastomoses. Although 
sparing of the terminal ileum is relatively unusual with distal 
ileal disease, the ileocecal valve should be preserved if there 
is a distal disease-free area of more than 5 cm allowing an 
anastomosis to avoid ischemia to the anastomosis.

Surgical judgment faces stronger challenges in the event 
of diffuse small bowel disease. Occasionally, areas of small 
bowel dilatation serve as guides to points of significant stric-
turing, but often with diffuse disease, it is difficult to distin-
guish small bowel that is thickened secondary to CD from 
bowel that is thickened from chronic obstruction proximal 
to a stricture. In such instances, it is helpful to make an 
enterotomy distally and perform direct enteroscopy to eval-
uate the proximal bowel. An alternative is to insert a Baker 

tube (a long tube bearing an inflatable balloon near its tip) 
proximally as far as the ligament of Treitz. The balloon is 
then inflated to a diameter of 1.5–2.0  cm and withdrawn 
slowly. The balloon is held up at points of stricturing that 
can be marked with seromuscular sutures, and strictur-
oplasties are performed at these sites.

Ileocecal Disease

Ileocecal disease is the commonest indication for operative 
intervention in all patients but is less common in older than 
in young patients. Frequently, the right colon is affected only 
to the level of the ileocecal valve, and it is possible to per-
form an ileoascending anastomosis, preserving most of the 
right colon.

Colonic Disease

The surgical approach to colonic disease is determined pri-
marily by three factors: extent of disease (localized or dif-
fuse), presence of rectal sparing, and function of the anal 
sphincter in preserving continence.

Localized Colitis

Among patients with disease limited to the colon, only 10% 
[71] exhibit limited or segmental disease of the colon. Unlike 
the situation with the small intestine, segmental resection of 
the colon was in the past considered controversial because of 
the impression that recurrence rates were high and that an 
ileostomy would ultimately be required [42]. A series from 
the Mayo Clinic [72] of 49 patients undergoing limited 
colonic resection for segmental disease showed that only 
14% of patients over a mean follow-up period of 14 years 
ultimately required stoma construction. Those who ulti-
mately required a stoma enjoyed a mean stoma-free interval 
of 23 months. Thus, a stoma was avoided in most of the 
patients. Even those in whom a stoma was eventually neces-
sary benefited from an extended period of stoma avoidance. 
Social and body image arguably may be of more importance 
to young patients for avoiding a stoma. The elderly also ben-
efit from this approach, particularly those in whom a previ-
ous small bowel resection has been performed and who 
potentially might be debilitated by profuse small bowel efflu-
ent through an ileorectal anastomosis or an ileostomy. The 
use of segmental colonic resection may increase with more 
widespread prescription of immunosuppressive drugs, such 
as azathioprine or 6-mercaptopurine for diffuse colitis; areas 
of most severe ulceration appear in some instances to heal 
with focal stricturing.
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Diffuse Colitis

In the elective setting, the choice of procedure for treating 
pancolitis is determined in part by the presence or absence of 
rectal disease. In the patient with proctocolitis, the preferred 
option is proctocolectomy and Brooke ileostomy. Although 
some have suggested use of a low Hartmann closure of the 
rectum to allow perianal disease to regress, 40% of the 
patients (10/25) required a later perineal proctectomy, and 
three of these patients still exhibited wound problems [73]. 
The use of ileostomy alone improves general well-being in 
about two-thirds of patients but does not consistently avoid 
later proctocolectomy, and fewer than 10% ever experience 
restoration of intestinal continuity. Diversion alone may be a 
consideration in an elderly patient who refuses or who would 
not tolerate proctocolectomy.

The elderly patient with pancolitis but rectal sparing 
deserves careful evaluation. Measurement of anal canal pres-
sures is not predictive of postoperative function, although 
Keighley et al. [74] found assessment of rectal compliance 
(by identifying those whose maximum tolerated rectal vol-
ume was >150 ml) to be helpful. The individual who remains 
continent despite loose stool during attacks of colitis has 
undergone the most rigorous physiologic test of continence 
and would be a candidate for total abdominal colectomy 
(subtotal colectomy) with ileosigmoid or ileorectal anasto-
mosis. Those occasionally incontinent of loose stool proba-
bly have less than perfect control, but this situation may be 
preferable to having a stoma; it merits discussion with the 
patient. The individual who is frankly incontinent would be 
best served by a proctocolectomy or a subtotal colectomy, 
ileostomy, and retained rectal stump. Although some authors 
have suggested use of an ileal pouch to improve compliance 
if resection is necessary to the level of the mid-rectum [42], 
this procedure is highly controversial, as known Crohn’s dis-
ease is widely considered an absolute contraindication to use 
of a pouch, given the 45% risk of pouch failure secondary to 
complications [75].

In the emergent setting, the guiding principle is to remove 
the site of disease as expeditiously as possible, avoid further 
complications, and perform a later staged procedure if nec-
essary. In the setting of diffuse colonic involvement and 
megacolon, perforation, or hemorrhage, a subtotal colec-
tomy with ileostomy is performed, and the rectum is either 
left long as a mucus fistula or short as an extraperitoneal 
stump. If hemorrhage is arising from the rectum in the face 
of diffuse disease, however, proctocolectomy cannot be 
avoided. Perforation resulting from localized disease in the 
colon is addressed with resection, proximal stoma, and 
mucus fistula or exclusion of the distal bowel. Perforation of 
localized rectal disease is approached by proximal colos-
tomy and drainage of the pelvis, with proctectomy 3–6 
months later.

Perianal Disease

Crohn’s disease manifestations in the perianal region include 
skin tags, fissures, ulcers, abscesses, fistulas, and anorectal 
stricture. These findings frequently occur after intestinal 
symptoms have resulted in a diagnosis of CD, but when peria-
nal findings precede other symptoms, the diagnosis can pres-
ent difficulties. Examination includes digital assessment, 
anoscopy, and rigid or flexible sigmoidoscopy. Discomfort 
may necessitate examination under anesthesia for full evalua-
tion. Biopsy infrequently yields evidence of a granuloma, but 
other features are suggestive of CD: edematous, violaceous 
skin tags; fissures at sites other than the midline; indolent 
abscesses; complex fistulas; and stricturing without evidence 
of malignancy or prior anorectal surgery. A new diagnosis of 
CD should prompt evaluation of the entire gastrointestinal 
tract, although it is unclear whether disease activity more 
proximally affects perianal disease [76].

Therapy must be individualized, bearing in mind treat-
ment principles of relief of symptoms and avoidance of addi-
tional complications. Careful consideration should be given 
to appropriate medical and surgical approaches. Perianal 
skin tags and hemorrhoids are best approached conserva-
tively, with control of diarrhea, sitz baths, and analgesia; sur-
gical therapy of either is associated with a high rate of poor 
outcomes [77]. Symptomatic fissures should be evaluated to 
rule out underlying sepsis and then approached initially with 
medical therapy. In selected cases and when conservative 
therapy has failed, lateral internal sphincterotomy may be 
beneficial. Careful consideration must be given to issues of 
continence, however, particularly in the elderly. Abscesses 
should be treated with incision and drainage, making the 
incision into the abscess cavity as close to the anus as possi-
ble to keep any subsequent fistula as short as possible.

Management of perianal fistulas is often challenging. As 
with other situations, therapy is aimed at relieving symptoms; 
hence, in the absence of associated sepsis, an asymptomatic 
fistula may require no specific therapy. Simple low fistulas 
without accompanying proctitis may be managed success-
fully with fistulotomy [78], particularly when combined with 
therapy such as metronidazole or sulfasalazine [79]. When it 
is thought that sphincterotomy may result in fecal continence 
because the fistula is high or complex or because the elderly 
patient has borderline continence, other approaches are nec-
essary. Noncutting setons achieve drainage without compro-
mise of continence; despite the presence of a foreign body, 
most patients tolerate setons far better than undrained fistu-
las, particularly if the seton is of a soft material such as 
Silastic vessel loops [42]. If the rectal mucosa does not 
exhibit active disease, the patient may be a candidate for a 
rectal mucosal advancement flap. An overall success rate of 
60% has been reported for this approach to low fistulas [80], 
but the success rate falls to approximately one-third in high, 
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complex fistulas [81]. An alternative approach is the use of 
fibrin glue, which has a lower success rate than with non-
Crohn’s fistulas after a single application, but repeated appli-
cations may result in success and there is no risk of 
compromising the sphincter. Although anti-TNF-Ab therapy 
(infliximab) is showing promise in therapy of perianal CD 
that would otherwise be considered an indication for proctec-
tomy; data in the elderly are still limited or absent. Creation 
of a diverting ileostomy is occasionally a useful means for 
controlling severe perianal disease, but only one-third of 
patients ever achieve successful reversal [42].

Ulcerative Colitis: Indications for Elective 
Surgery

Failure of Medical Therapy

An algorithmic approach to the surgical management of 
CUC is presented in Fig. 66.3. Medical therapy may be con-
sidered to have failed when maximal therapy has not con-
trolled symptoms or when symptoms are abolished only at 
the expense of side effects from the medications themselves. 
The inability to wean steroids completely or to an acceptable 
level is also an indication for operation. Inability or unwill-
ingness to comply with a medical regimen may prompt sur-
gical intervention.

Presence or Risk of Carcinoma

An increased risk of colorectal cancer has been documented 
in those with extensive long-standing ulcerative colitis 

[82,  83]. The magnitude of this risk is controversial, with 
population-based studies suggesting that the risk is lower 
than previously thought and most dependent on the extent 
and duration of colitis. It is best defined in patients whose 
disease onset occurred during childhood or the teenage years, 
those with extensive disease, and those whose duration of 
disease is more than 10 years; in these patients, the risk of 
developing cancer is reported to be 2% per year [84]. The 
risk in patients with later age of onset is not well defined. 
Monitoring by screening colonoscopy for dysplasia has limi-
tations, including patient compliance and the finding that 
carcinoma may not have evidence of preceding dysplasia 
[85]. At the time of colectomy for dysplasia, more than 50% 
already have invasive cancer [86]. In the absence of an abso-
lute indication (i.e., stricture, evidence of dysplasia or a dys-
plasia-associated mass, existing cancer [87]), the role of 
surgery is less clear, despite results of a decision analysis that 
suggest prophylactic colectomy improves survival more than 
surveillance [88]. In the elderly, later onset of disease and 
shorter duration of remaining life compared with younger 
patients probably results in surgery being used more for spe-
cific indications than for prophylaxis.

Indications for Emergency Surgery

Fulminant Colitis

The definition of fulminant colitis is identical to that described 
for CD, although the Truelove and Witts’ criteria may be use-
ful in stratifying disease severity in CUC (Table 66.4) [89]. It 
is important to remember, particularly in the patient present-
ing with a fulminant first attack, that the differentiation 

Figure 66.3  Surgery for elderly patients with chronic ulcerative colitis treatment algorithm.
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between CD and UC may not be possible. The surgical 
approach is the same, whichever the underlying diagnosis. 
Although this diagnosis previously has been associated with 
a high mortality rate, mortality is now less than 3% [90] due 
in part to aggressive surgical intervention and probably to 
changes in medical management.

Toxic Megacolon, Perforation, Hemorrhage, 
Obstruction

In emergent settings, UC is often indistinguishable from CD. 
The principles of therapy outlined for CD, including the 
appropriate extent of resection in emergent settings, apply 
equally to either diagnosis.

Preoperative Preparation

Many of the principles of preoperative preparation discussed 
for patients with CD apply equally to those with UC. They 
include correction of electrolyte abnormalities and severe 
anemia, bowel preparation, use of antibiotics, and stress 
doses of steroids. Possibly, the most important aspect differ-
entiating the patient with UC from the one with CD is con-
sideration given to reconstructive surgery in the form of the 
ileal pouch-anal anastomosis (IPAA), which should be 
avoided in the acute setting.

Operative Procedure

Essentially, the choice of procedure (Table 66.5, Fig. 66.3) 
depends on the presentation of the patient (e.g., disease 
severity) and how much of the rectum is to be removed 
(all, part, or none), and if the anal sphincter is competent. 

If the patient is incontinent of stool due to an incompetent 
sphincter (and not to poor compliance in a diseased rec-
tum), the decision is simple: proctocolectomy and Brooke 
ileostomy. In the individual without compromise of the 
sphincter, consideration may be given to proctocolectomy 
and ileostomy, subtotal colectomy, (Fig. 66.4) and ileorec-
tal anastomosis, or proctocolectomy, and IPAA (or ileal 
pouch-distal rectal anastomosis).

Multiple studies have examined the role of restorative 
proctocolectomy in the elderly [91–102]. These have been 
summarized in Table 66.6. Advanced age has generally been 
considered a contraindication to IPAA because of the high 
risk of fecal incontinence in the elderly. The clinical results in 
carefully selected patients over the age of 50, however, are 
equivalent to those of younger patients. Anal sphincter 
strength does decline after the age of 70 [103], and few, if any, 
patients beyond this age are candidates for this operation.

Operative Approach: Minimally Invasive 
(Laparoscopic) Surgery

Similar to as seen in CD, MIS techniques are being increas-
ingly used in CUC. Several recent studies from Mayo Clinic 
have demonstrated the applicability of MIS techniques to 
CUC, including subtotal colectomy, IPAA, TPC with BI 
[104–106]. In a case series of 50 patients with severe-to-
fulminant CUC who underwent MIS subtotal colectomy 
with Brooke ileostomy, the majority (95%) who subsequently 
underwent IPAA were performed laparoscopically with a 
median length of stay of 4 days for each procedure. Similarly 
in a case-matched study comparing open and LAP IPAA, the 
benefits typical of a LAP approach were demonstrated. 
Finally, in a case series of 43 patients who underwent MIS 
TPC-BI, and in whom the median age was 66 years, this pro-
cedure was demonstrated to be safe and feasible. Our pre-
ferred port placement for both LAP and HALS approaches to 
colectomy for CUC is shown in Fig. 66.5.

Table 66.4  Modified Truelove and Witts’ criteria of ulcerative colitis disease severity [89, 111]

Variable Mild disease Moderate disease Severe disease Fulminant disease

No. stools (per 24 h) <4 4–6 >6 >10
Blood in stool Intermittent Occasional Frequent Continuous
Temperature (°C) Normal >37.5 >37.5 >37.5
Pulse (beats/min) Normal >90 >90 >90
Hemoglobin Normal Anemia <75% of normal Transfusion requirement
ESR (mm/h) <30 – >30 >30
Colonic features on X-ray – – Wall edema, thumbprinting Dilatation
Clinical signs – – Abdominal tenderness Abdominal distention and tenderness
ESR erythrocyte sedimentation rate
Source: Mahadevan et al. [89]. Reprinted with permission of John Wiley & Sons, Inc.
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Table 66.5  Choice of operation for ulcerative colitis in elderly patients

Typical no. of stages Procedure Contraindications Comments

3-, 2-, or 1-stagea 
IPAA

TPC with IPAA and DLI; 3-stage if 
follows STC with BI, rarely, if 
ever 1-stage without DLI

Incompetent sphincter
Advanced age (relative)
Need for pelvic irradiation

Risks related to multiple operations and general 
anesthestics

Complete excision of disease
Risk of pouchitis
Risk of cancer in retained mucosa

2-Stage (modified) 
IPAA

STC with BI followed by IPAA 
without DLI

None Easier/faster operation to perform
Complete excision of disease
Risk of pouchitis; increased risk of leak?
Risk of cancer in retained mucosa

1-Stagea TPC with BI None Easier/faster operation to perform
Complete excision of disease
Risk of stoma-related complications

2-, or 1-stage TPC with IRA (straight IRA or 
ileal pouch-rectal anastomosis); 
infrequently 2-stage with DLI

Incompetent sphincter
Advanced age (relative)
Need for pelvic irradiation
Noncompliant for follow-up

Easier/faster operation to perform
Risk of pouchitis
Increased risk of cancer in retained rectal mucosa

2-, or 1-stage TPC with K-pouch; 2-stage if 
follows STC with BI

Most patients Frequent reoperation
Rarely recommended, even in young patients

2-, or 1-stage STC with IRA; infrequently 
2-stage with DLI

Incompetent sphincter
Active rectal disease
Noncompliant for follow-up

Incomplete excision of disease
At risk for proctitis or development of rectal cancer

2-, or 1-stage STC with BI None Easier/faster operation to perform
Incomplete excision of disease
At risk for proctitis or development of rectal cancer

2-, or 1-stage Segmental colectomy with primary 
anastomosis

Most patients Rarely if ever recommended due to incomplete 
excision of disease, even in young patients

Temporizing 
procedure

Turnbull procedure (ileostomy with 
blowhole colostomy)

Almost all patients Generally of historic interest only for the treatment 
of toxic megacolon in unstable patients; 
however, success with this procedure has 
recently been reported in 2 pregnant women 
with toxic megacolon [112]

TPC total proctocolectomy, BI Brooke ileostomy, DLI diverting loop ileostomy, IPAA ileal pouch-anal anastomosis, IRA ileorectal anastomosis, 
STC subtotal colectomy, K-pouch continent ileostomy (Kock pouch)
aMost commonly preferred surgical approaches in elderly patients

Figure 66.4  Chronic ulcerative colitis, subtotal colectomy, gross speci-
men. Note the complete carpeting of the colonic mucosa with pseudo-
polyps and foreshortening of the right, transverse, and left colon from 
an elderly woman with long-standing CUC.
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Table 66.6  Summary of recent studies of ileal pouch-anal anastomosis in the elderly

Author Institution Year Study design Age (years) Elderly (N) Major findings/comments

Ho et al. [102]a Cleveland Clinic,  
Florida

2006 Subgroup  
comparisons

>70   17 No difference in length of stay, 
complications (40%), or 
pouch failure between >70 
and <70 years old cohorts

Chapman et al.  
[101]

Mayo Clinic,  
Rochester

2005 Subgroup  
comparisons

>55   65 No difference in complications. 
Incontinence more common, but 
did not affect QoL

Longo et al. [99]a St. Louis University 2003 Population-based 
(Veterans)  
subgroup 
comparisons

>50 158 Of 46 patients >70 years, no IPAA’s 
were performed. 22% overall 
surgical morbidity; 4% mortality 
(all non-IPAA patients)

Delaney et al.  
[100]a

Cleveland Clinic,  
Ohio

2003 Subgroup  
comparisons

56–65
>65

154
  42

Increased incontinence, night-time 
seepage in older groups; QoL 
decreased but not statistically

Farouk et al. [97]a Mayo Clinic,  
Rochester

2000 Subgroup  
comparisons

>45 204 (1 year)
  33 (12 years)

At 1 and 12 years, incontinence 
affected older group more often. 
Incontinence increased with time 
in older, but not younger, 
patients. Pouch excision due  
to incontinence not statistically 
different between group (<45, 
n = 11 vs. >45, n = 3)

Church [98] Cleveland Clinic,  
Ohio

2000 Case report, 10-year 
follow-up

85   1 Bowel function, QoL remained 
relatively stable; age is not 
necessarily a contraindication  
to IPAA

Takao et al. [96] Cleveland Clinic,  
Florida

1998 Subgroup  
comparisons

>60   17 Postoperative minor and transient 
functional impairment is not an 
age-related phenomenon

Tan et al. [95] Queen Elizabeth  
Hospital

1997 Subgroup  
comparisons

>50   28 Included 4 non-CUC patients. 
Higher incidence of IPAA 
stenosis in the elderly. Age did 
not impact functional outcomes

Bauer et al. [94] Mount Sinai 1997 Subgroup  
comparisons

>50   66 Elderly group with longer duration 
of disease, more dysplasia. Age 
did not impact functional 
outcomes

Reismann et al.  
[93]

Cleveland Clinic,  
Florida

1996 Subgroup  
comparisons

>60   14 Older patients experience more 
nocturnal movements (2 vs. 1.1, 
p < 0.05) than younger patients. 
Morbidity and manometry did 
not differ

Jorge et al. [92] Cleveland Clinic, 
Florida

1994 Subgroup 
comparisons

Mean 56   22 Transient, statistically significant 
decrease in internal anal 
sphincter function in older group, 
but recovered completely

Lewis et al. [91]a General Infirmary, 
Leeds

1993 Matched case-
control

>50   18 Anorectal manometry not  
statistically different  
between age groups  
before/after surgery. Age alone is 
not a contraindication to 
restorative surgery if anal 
sphincter is completely intact

aHigh quality/recommended
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CASE STUDY: REFRACTORY ULCERATIVE COLITIS 
IN AN OCTOGENARIAN

An 83-year-old male with a 2-month history of CUC pre-
sented to the surgical service with refractory colitis 
despite 5-aminosalicylate dose escalation and 30 mg of 
prednisone daily. The patient complained of 8–14 bloody 
bowel movements per day. The patient’s body mass index 
was 25  kg/m2. The patient had multiple comorbidities 
including steroid-induced diabetes mellitus, chronic renal 
insufficiency, hyperlipidemia, iron-deficiency anemia, 
and a history of a type 5 peptic ulcer disease. Preoperatively, 
the patient’s Charlson score was 8 points, and American 
Society of Anesthesiology (ASA) score was 3. The 
patient has a history of a radical prostatectomy with post-
operative external beam irradiation. Endoscopy revealed 
moderately active pancolitis with no evidence of dyspla-
sia. Given the patient’s, age, comorbidities, and history of 
pelvic surgery and irradiation, we recommended a total 
proctocolectomy with end ileostomy.

The patient underwent an uneventful laparoscopic 
total proctocolectomy, intersphincteric dissection, and 
Brooke ileostomy. Given the history of pelvic surgery 
and irradiation, the pelvic dissection was tedious; overall 
operative time was 444  min, estimated blood loss was 

450  ml, and he was transfused one unit of pack cells. 
There were no intraoperative complications, and the pro-
cedure was completed laparoscopically. Gross pathology 
revealed severely active pancolitis with a tubular ade-
noma with low-grade dysplasia in the descending colon.

Postoperatively, the patient’s stoma began functioning 
on day 3, and he tolerated a regular diet. The patient was 
discharged home on postoperative day 4 but 2 days later 
returned to the hospital with left lower extremity swell-
ing and was found to have an ileofemoral deep vein 
thrombosis, treated with anticoagulation. He suffered no 
other complications within 30 days. Subsequently, the 
patient had developed a partial small bowel obstruction 
related to a parastomal hernia, which was initially man-
aged with a hernia belt. The hernia was enlarged, and the 
patient underwent an uneventful mesh repair and remains 
asymptomatic.

This case demonstrates that:

	1.	 Age alone is not a contraindication to laparoscopic 
colectomy (nor is it an absolute contraindication to 
IPAA).

	2.	 Prior treatment of age-related cancers may affect sur-
gical decision making and recommendations for 
restorative proctocolectomy.

Figure  66.5  Laparoscopic port placement for total proctocolectomy. 
(a) Laparoscopic-assisted surgery; IPAA, TPC-BI, STC-EI. (b) Hand-
assisted surgery; IPAA, TPC-BI, STC-EI. Dashed lines represent 

potential specimen extraction sites (copyrighted and used with permis-
sion of Mayo Foundation for Medical Education and Research, used 
with permission, all rights reserved).

(continued)
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Elderly patients are often difficult to be correctly diagnosed 
due to nonroutine presentations. Once treated, they more fre-
quently have complications with medical therapies aimed at 
cure. The following case presentation illustrates many of 
these problems found when treating older patients.

This chapter deals with diverticular disease and appendi-
citis in the elderly. Diverticular disease increases in incidence 
with age and also appears to present with diffuse peritonitis 
more frequently in old than in young patients. Acute appen-
dicitis in the elderly accounts for 5–10% of all appendicitis, 

and old patients tend to present more frequently with 
advanced disease than do young groups. There is good 
evidence that the elderly present more frequently in an atypi-
cal fashion with both of these diseases compared with their 
younger counterparts. Abdominal pain may be absent or not 
greatly perceived in older patients. Physiologic responses to 
stress and infection are also blunted in the elderly. Older 
patients are burdened with more comorbid conditions and 
less mental and physical reserves compared with their 
younger counterparts. Furthermore, it is well known that 
emergency operations in the elderly are associated with sig-
nificantly higher mortality and morbidity rates than similar 
operations on younger patients. Thus, old patients present 
atypically, often with more advanced disease and have higher 
complication and death rates than the young. This chapter 
attempts to explain these findings.
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CASE STUDY

MS is a 90-year-old woman with no significant comor-
bidities who lives on her own at home. She was hospital-
ized five times over 4 months with an initial diagnosis of 
unrelenting ischemic colitis of the descending colon. 
This was diagnosed by multiple CT scans and with endo-
scopic confirmation. Despite antibiotics and enteral sup-
plementation, she had slow and progressive weight loss 
and increasing inability to eat. Indication for operation 
was failure to progress with medical therapy and inability 
to eat. Her albumin, prealbumin, and initial weight were 
2.0, 9, and 92 pounds, respectively. She underwent a left 
colectomy with primary anastomosis and protective loop 
ileostomy. Operative finding, confirmed by pathologic 
examination, was retroperitoneal perforated diverticulitis 

with contained abscess (Hinchey class II). Her postoper-
ative course was complicated by ileostomy dysfunction, 
resulting in watery diarrhea, which caused dehydration 
and electrolyte imbalance. She developed a lower extrem-
ity deep venous thrombosis and was started on warfarin 
after a vena cava filter was placed. After a single 5-mg 
dose of warfarin, her INR rose to ten, and she had a spon-
taneous intra-abdominal bleed requiring transfusion. 
Aging does not alter the pharmacokinetics of warfarin 
but may increase sensitivity to its anticoagulant effects. 
She was unable to eat due to newly diagnosed, severe 
esophagitis. This was treated medically, and a PEG was 
placed for enteral nutrition. She was ultimately discharged 
to an extended care facility 1 month after surgery. She 
maintained mental acuity throughout her illness and is 
anxiously awaiting the reversal of her ostomy.
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Diverticular Disease

Etiology

Diverticular disease is the fifth most costly digestive disease 
in the USA [1]. The cause of diverticulosis is unknown. 
Colonic diverticula are mucosal (and submucosal) hernia-
tions through the muscle wall of the colon. The sigmoid 
colon is affected in 96% of patients, with this area being the 
only site of diverticulosis in two-thirds of patients [2]. Acute 
diverticulitis can occur anywhere in the colon and has been 
reported in the rectum [3, 4]. Diverticula occur at the points 
of weakness where the blood supply to the mucosa penetrates 
the bowel wall. Most commonly, they occur between the 
mesenteric and antimesenteric taenia coli. Less commonly, 
they occur between the two antimesenteric taenia. Strong 
epidemiologic evidence suggests that a low-fiber diet has a 
substantial etiologic role in the development of diverticulosis 
[5, 6], and low-fiber intake has long been implicated as a 
cause of diverticulosis [5, 7]. In the USA, the incidence of 
diverticular disease has increased with decreasing fiber 
intake [8]. Vegetarians have been found to have a lower inci-
dence of diverticular disease than nonvegetarians [9]. Other 
studies have confirmed these findings [10–14].

The current speculation is that a diet low in fiber decreases 
stool bulk. This in turn causes narrowing of the colonic 
lumen, prolongs intestinal transit time, and increases intralu-
minal pressures. Painter et al. [15] combined manometry and 
cineradiography and found that the increased intraluminal 
pressure may be due to simultaneous contractions of circular 
muscular bands causing occlusion of short segments of 
bowel. Contraction rings are thus formed in the sigmoid 
colon, which produces “segmentation” of these short seg-
ments of bowel. Contraction of the muscle wall of these sec-
tions can result in intraluminal pressures of 90  mmHg or 
more. This pulsion pressure may lead to mucosal herniation 
along the weak points of the bowel wall, resulting in diver-
ticula. Others have found that the contractile response to eat-
ing is exaggerated in people with diverticulosis [16]. 
Although consistent with the speculation that elevated pres-
sures are particularly significant in combination with or 
potentiated by low-fiber stools, experimentation with colo-
myotomy showed that decreased muscular activity did not 
affect intraluminal pressures [17]. Stool bulk may be related 
to intraluminal pressure only in that stool bulk increases the 
radius of the colon, thereby decreasing wall tension. Painter 
et al. suggested that a low-fiber diet causes a narrower colonic 
lumen, which allows the colon to segment more efficiently, 
increasing the segmental intraluminal pressures [15]. Low-
fiber diets in rats has been shown to result in diverticulosis in 
45% of subjects compared with only 9% in a group fed the 
highest fiber diet [18]. Further, a large, longitudinal study of 

males in the USA revealed a relatively straight line correlation 
between fiber intake and diverticular symptoms [19]. Exercise 
may also have a protective effect on the development of 
symptoms from diverticular disease [20].

Colonic dysmotility may contribute to diverticular dis-
ease. Abnormally slow wave patterns have been found in 
patients with symptomatic diverticular disease [21]. 
Furthermore, patients with symptomatic diverticular disease 
return to normal motility patterns with ingestion of bran, 
whereas those with asymptomatic diverticulosis have no 
change in motility with bran intake [22]. Others have dis-
puted these findings [23]. Colonic transit times can be 
decreased by adding bran to the diet [24–26], and water-
retaining fiber can decrease intraluminal pressure [27]. These 
findings lead to dietary modifications in attempts to alleviate 
diverticular symptoms.

One report [28] implicated localized ischemia as a caus-
ative factor for antimesenteric free perforation of the colon 
from diverticulitis. In patients with multiple bilateral pseudo-
diverticula arranged in a double row about the antimesen-
teric taenia, the vascular supply to the middle area of the 
antimesenteric wall is compromised. Careful histologic 
studies showed that free perforation associated with diver-
ticulitis has the same histologic characteristics as ischemic 
bowel perforations. It is well known that microvascular 
changes predisposing to microvascular ischemia occur in the 
elderly. The more aggressive disease and higher perforation 
rates found in the elderly [29–32] may be related to this 
ischemic process. Perhaps this is the reason why the elderly 
have higher free perforation rates when compared with 
younger patients.

Investigators have also touched on whether an intrinsic 
change in bowel wall composition is necessary for the devel-
opment of diverticula. Young people with collagen vascular 
diseases such as Marfan’s syndrome [33] have been reported 
with diverticular disease. Several authors have also docu-
mented an association of diverticular disease with degenera-
tive disorders such as varicose veins [34], hiatal hernias 
[35], and arthritis [36]. The most important element with 
regard to strength of the colon wall is collagen [37]. Collagen 
fibrils in the left colon become more numerous but smaller 
in width with age, and this difference is greater with diver-
ticular disease [38]. Similarly, elastin fibrils increase in 
number but decrease in quality with age [39]. Pace [39] 
found that colon wall thickness increases with age and is 
thickest in the distal colon. These factors combined to result 
in decreased tensile strength and decreased expandability of 
the aging colon wall [40]. Electron microscopic examina-
tion reveals that there is a two-time increase in elastin depo-
sition and normal muscle cells in the muscle layer of 
diverticular diseased colon. The elastin is in a shortened 
form, which may account for the thickened, foreshortened 
bowel typically found at surgery [41].
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The distal sigmoid is the narrowest portion of the colon, 
and the distal sigmoid narrows with age [42]. The law of 
Laplace states that wall tension is directly proportional to the 
pressure times the diameter. Thus, as contractile pressures 
(as measured by wall tension) remain the same and the diam-
eter is decreased, there is an increase in pressure delivered to 
the bowel wall. A simple example of Laplace’s law is blow-
ing up a balloon. It is most difficult when there is no air in the 
balloon and becomes easier as the diameter increases. 
Similarly, increased pressures are required in the narrower 
distal sigmoid to propel stool. As the lumen narrows with 
age, higher pressures are required. This increased stress fur-
ther damages the colon, causing decreased elasticity and 
more loss of tensile strength [40]. Comparison studies show 
that populations with a low incidence of diverticular disease 
have stronger, more elastic distal colons than industrialized 
populations [42], presumably due to years of more bulky 
stools keeping the lumen diameter large. Furthermore, with 
increasing wall tension pressures, there must be a concomi-
tant decrease in microvascular perfusion [43], possibly add-
ing further weight to the vascular theory of free perforation 
of diverticulitis [15]. The resulting increased intraluminal 
pressure causes long-term changes in the bowel wall, includ-
ing decreased tensile strength, decreased diameter, and vas-
cular changes which predispose to diverticular disease and 
the more frequent perforation seen in the elderly.

Epidemiology

Diverticulosis is an entity particular to the dietary patterns of 
Western society. There are linear increases in size, number, 
incidence, and symptoms of diverticula with age [6, 44]. 
Diverticulae are commonly 5–10 mm in size and can occa-
sionally be >2  cm. Giant diverticula have been described. 
Diverticulosis occurs in 2–5% of patients under age 40 and 
up to one-third of people over age 45. Two-thirds of people 
over age 85 have radiographic or pathologic evidence of 
diverticulosis [45]. Deckman and Cheskin [46] cited a preva-
lence in the USA as high as 33% with similar figures in 
European countries. In comparison, the prevalence in popu-
lations with higher per capita fiber intake is much lower. 
Diverticulosis is uncommon in developing parts of Africa 
and Asia and may be as low as 1% in Korea [35], with low 
incidences found in other similar populations [47–52].

Independent of age, prevalence is thought to be similar in 
men and women. However, in a large single institutional 
series by Rodkey and Welch [53], when sex and age were 
examined jointly, women over 70 years of age predominated 
over men by more than 3:1. The reverse was found in patients 
under 50 years of age, with more than twice as many men 
affected as women. This ratio was also substantiated by 

Ouriel and Schwartz [54], who found a predominance of 
men in the under-40 age group.

Nonsteroidal anti-inflammatory drugs (NSAIDs) have 
also been linked to diverticular disease [55], and others 
have implicated NSAIDs as a potential cause of acute diver-
ticulitis [56–58]. Steroids have been linked to diverticulitis 
as well. Steroids also mask symptoms of infection which 
may cause delays in diagnosis, resulting in poor prognosis 
[59–61].

Pathogenesis

Diverticulitis is the inflammatory process that originates 
within colonic pseudodiverticula. The particular mecha-
nisms of both the local and systemic infections have not 
been well characterized. It has been hypothesized that diver-
ticulitis constitutes the same end point of localized luminal 
obstruction found with other intraabdominal visceral inflam-
matory processes such as appendicitis and cholecystitis 
[62–64]. Obstruction of the neck of the diverticula, presum-
ably with inspissated stool, creates a closed microenviron-
ment characterized by fluid sequestration, stasis, and 
bacterial overgrowth. Deitch [65] showed that even in the 
absence of perforation, obstruction alone is sufficient for 
bacterial translocation across the intestinal barrier. As the 
diameter of the diverticulum expands to accommodate the 
increased intraluminal pressure, venous and then arterial 
pressures are overcome. This results in congestion, ischemic 
necrosis, and perforation. Others cannot find supporting 
pathologic evidence and suggest that perforation is likely 
the result of increased intraluminal pressure [46]. Activation 
of local and systemic inflammatory mediators, in combina-
tion with microscopic or macroscopic perforation and soil-
ing of the peritoneum, leads to the clinical manifestations of 
the disease. The role of localized ischemia was discussed 
earlier [28].

Atypical, painful or chronic diverticular disease is a diffi-
cult-to-describe entity. It is described as chronic, intermittent 
left lower abdominal pain, not usually associated with typi-
cal findings of acute inflammation. Motility patterns may be 
abnormal in this subset of patients [67]. Pain is usually 
chronic, intermittent, and not associated with acute symp-
toms. Narrow stools and other changes in bowel habits may 
result. Attacks may come and go. Symptoms may be con-
fused with irritable bowel syndrome. The diagnosis is diffi-
cult, with barium enema showing only diverticulosis and 
possibly spasm of the sigmoid colon. CAT scan does not 
reveal acute inflammation, and it does not respond to antibi-
otics or dietary modification. Endoscopic findings are gener-
ally nonspecific, although a tortuous colon may be found. 
Endoscopy may show edema or associated patchy colitis.
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Treatment is aimed at relieving symptoms. Bulk agents 
(psyllium seed) and a high-fiber diet are usually helpful. 
Differentiating between irritable bowel syndrome and pain-
ful diverticular disease is difficult as symptoms of bloating, 
distention, and intermittent nonspecific abdominal pain are 
common. Fortunately, IBS and painful diverticular disease 
are treated similarly with high-fiber diet and symptom con-
trol with moderate success. Uncommonly, sigmoid resec-
tion is required to produce relief. Appropriate patient 
selection is paramount in identifying who may respond to 
operative intervention and those who will not. When well 
chosen, sigmoid resection will relieve pain in 79–80% of 
patients [67].

Symptoms

The spectrum of disease produced by diverticula ranges from 
completely symptom-free to vascular collapse secondary to 
systemic sepsis from peritonitis. About 10–25% of patients 
with diverticulosis progress to diverticulitis [68, 69]. Most of 
these patients never come to surgical attention [68, 69]. A 
small number, estimated at fewer than 25% of those with 
diverticulitis, require inpatient management of their disease 
[70]. Complicated cases involving sepsis, obstruction, fistula 
formation, or peritonitis constitute approximately 40% of all 
those admitted. Older patients present more often with com-
plicated disease. The elderly present with diffuse peritonitis 
up to twice as frequently as younger patients [29, 31].

Typically, patients with diverticulitis seek medical care 
owing to mild or moderate peritoneal irritation often accom-
panied by a change in bowel habits. Crampy left lower quad-
rant pain is also common. Approximately two-thirds of 
patients complain of constipation or diarrhea [71]. Other 
associated symptoms may include a palpable mass, abdomi-
nal distension, dysuria, excessive flatus, nausea, and vomit-
ing. About 30–40% of patients have occult blood in their 
stool [3]. Fever and pain are the most consistent indicators of 
acute disease, occurring 45% of the time. Septic shock with 
diffuse peritonitis may be the presenting picture. With the 
presence of a redundant sigmoid colon, suprapubic or right 
lower quadrant pain may manifest. Occasionally, the diagno-
sis of appendicitis is the indication for surgical exploration 
when a redundant sigmoid colon with diverticulitis is found 
to be the culprit.

Considerable diagnostic overlap exists between diverticu-
litis and other acute abdominal processes. The spectrum of 
differential diagnoses ranges from relatively common uri-
nary tract infections in the elderly to inflammatory bowel 
disease, colon cancer, closed loop obstruction, and ischemic 
bowel. These diagnoses and causes of abdominal pain must 
always be kept in mind during the initial evaluation.

Symptoms of diverticular fistulas may lead to an accurate 
preoperative diagnosis. Pneumaturia and fecaluria are diag-
nostic of an enteric-vesicular fistula and in the appropriate 
patients are highly suggestive of a diverticular origin. 
Similarly, flatus or stool via the vagina leads to common 
bowel sources. Thigh abscesses, especially those with foul-
smelling anaerobic pus, may originate from a diverticular 
abscess with tracking along the psoas muscle onto the skin.

Many investigators have found atypical presentations of 
diverticular disease in the elderly [29, 72–76]. Wroblewski 
and Mikulowski [74] noted the absence of typical manifesta-
tion of peritonitis in the elderly to be associated with a poor 
outcome. They also found an absence of abdominal pain in 
half of their patients with peritonitis. Intraabdominal 
abscesses are the most common cause of fever of unknown 
origin in the elderly [77]. Others noted that elderly patients 
with intraabdominal infections have hypothermic tempera-
tures more frequently than young patients. Similarly, old 
patients have less nausea, vomiting, diarrhea, and fever com-
pared to the young [72]. Acute abdominal pain is more likely 
to require surgery in the elderly [78, 79]. France et al. [73] 
examined 12 old patients who died of diverticulitis: 75% did 
not have symptoms typical of their disease, 3 of the 12 did 
not have abdominal symptoms, and another’s symptoms did 
not warrant further investigation. Generalized peritonitis 
occurs in up to one-half of old patients [29, 30]. Old patients 
require operations more frequently, have free perforation 
more commonly, and have higher mortality rates than young 
patients [29–32, 80]. Watters et al. [29] attempted to explain 
this difference. They found that the mean time from the onset 
of symptoms to hospitalization for old and young patients 
with generalized diverticular peritonitis was the same. Thus, 
old patients have peritonitis and free perforation more fre-
quently than the young do, and it is not due to a delay in 
seeking medical care. This finding suggests that the severity 
of disease in the elderly is determined early in its course and 
is independent of the passage of time. Another possible 
explanation is that symptoms begin later in the course of the 
disease in the elderly. The former explanation further sup-
ports the theory that ischemia is the cause of the more fre-
quent diffuse peritonitis found in the elderly.

Diagnosis

Diverticulitis is usually diagnosed based completely on clini-
cal grounds. This presents a unique problem in the elderly 
because, as previously shown, they often present atypically, 
and abdominal pain is minimal or absent. A history of known 
diverticula seen by barium enema or endoscopy often aids the 
clinician. However, it is unnecessary to have previous knowl-
edge of diverticula in a particular patient, as more elderly 
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patients have diverticula than do not [46]. Useful serologic 
and hematologic tests include a complete blood count, serum 
electrolytes, urinalysis, and in the case of suspected ischemic 
bowel, arterial blood gas measurement for acid–base distur-
bances. White blood cell (WBC) can be normal in almost 
one-half of older patients [32]. Physical examination usually 
reveals peritoneal irritation to some extent. Mild left lower 
quadrant tenderness to generalized peritonitis may be found. 
Rectal examination may reveal a pelvic abscess.

Several diagnostic modalities are helpful for establishing 
the diagnosis of diverticular disease and assessing the extent of 
inflammation. In preceding decades, contrast enema was the 
test of choice for diagnosis. Previous practice parameters of 
the American Society of Colon and Rectal Surgeons [81] cite 
a sensitivity of 94%, an accuracy of 77%, and a false-negative 
rate of 2–15% with water-soluble enemas. Contrast enemas in 
the setting of diverticular disease have been shown to be less 
reliable in identifying neoplastic growth compared with 
colonoscopy [82]. Radiographic findings include intramural or 
extramural sinus tracts, filling of the abscess cavity, or inferred 
extramural compression or spasm of the bowel lumen.

Ultrasonography may also provide useful information in 
the setting of suspected diverticular disease. Investigators 
have found it to be 84–98% sensitive [83–85]. Ultrasonography 
can detect abnormal segments of bowel, those with mural 
thickening, peridiverticular inflammation and abscess, and 
linear echogenic foci suggestive of fistulous tracts. 
Unfortunately, this technique is both operator-dependent and 
limited by the body habitus of the patient. Zielke et al. [86] 
found that surgical residents were able to accurately diag-
nose diverticulitis in 84% of patients, with a 16% false-neg-
ative rate.

Computed tomography (CT) has emerged as the imaging 
modality of choice for evaluating suspected diverticulitis 
[87–91]. Though in some studies it is comparable to contrast 
enema, other investigators have found a clear advantage 
regarding its diagnostic sensitivity and specificity [92]. 
Hulnick et al. [91] found that CT not only stages the extent 
of the inflammatory process more accurately, but it also bet-
ter differentiates the varying gradations of pericolic inflam-
mation. Furthermore, CT has the distinct advantage over a 
contrast enema because of its ability to identify both the 
intraluminal and extraluminal components of diverticular 
disease. It is also the diagnostic modality of choice for iden-
tifying colovesical and colovaginal fistulas. Findings sugges-
tive of diverticulitis include inflammation of the pericolic fat, 
thickening of the sigmoid mesocolon, pericolic phlegmon, 
visualization of colonic diverticula themselves, and thicken-
ing of the colonic wall (see Fig. 67.1). CT is helpful for dem-
onstrating the manifestations of intraabdominal abscess, 
particularly abscesses amenable to percutaneous drainage 
[87–91]. Despite these modalities, the diagnosis of diverticu-
litis can be obscure in the elderly [74].

Endoscopic evaluation is reserved until after the acute 
phase has resolved; it is used mainly to rule out carcinoma. 
CT colography is a new modality that noninvasively evalu-
ates the contour of the colon lumen. It is especially helpful in 
cases where, due to stricture or obstruction, a colonoscope 
cannot traverse the diseased bowel. Colography can ensure 
that the proximal bowel does not harbor unsuspected neo-
plastic lesions.

Treatment

Prevention of Symptoms

High-fiber diet has been shown to decrease the formation of 
diverticulae in rats [19]. Examination of population-based 
per capita fiber intake reveals less diverticular disease with 
high average fiber intake [47, 50, 51]. High fiber intake in 
American males decreases the risk of diverticular symptoms. 
There is no evidence that increasing fiber intake can cause 
diverticulae to regress. It follows that high-fiber diet should 
be suggested to decrease the chance of diverticular symp-
toms [93]. There is no evidence to support the concept of 
avoiding food particles that can obstruct the neck of diver-
ticulae. Accordingly, avoidance of seeds, nuts, popcorn, etc., 
has not been shown to cause acute disease. Most physicians 
suggest a high-fiber diet with bulk-producing supplements 
(psyllium seed) for patients with asymptomatic diverticulo-
sis [94]. Fiber has been shown to decrease intraluminal pres-
sures and colonic transit time [27, 95–97]. It also decreases 
symptoms attributed to diverticular disease [94, 95, 97–100]. 
Antispasmodic medications have not been shown to help.

Figure 67.1  Acute diverticulitis of the sigmoid colon with paracolonic 
fat stranding.
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Uncomplicated Diverticulitis

Most acute diverticulitis are treated by primary physicians 
on an outpatient basis. Those with only mild tenderness, no 
clinical peritoneal signs, and the ability to achieve satisfac-
tory pain control and tolerate adequate fluids orally may be 
treated empirically on an outpatient basis [6]. Treatment 
consists of oral antibiotics covering anaerobic and gram-
negative bacteria for at least 7 days and liquid diet until 
resolution of symptoms. Significant systemic signs of infec-
tion including high fever and leukocytosis suggest the need 
for hospital treatment. Resolution is common. There is no 
place for outpatient management in the setting of significant 
concurrent medical disease, immune compromise, or in 
those with altered mental status, or patients without appro-
priate supervision.

Immune-compromised patients have a more aggressive 
disease path, are more likely to present with perforation, and 
have higher morbidity and mortality rates [60, 101]. Perkins 
et al. [101] found a 100% failure rate with conservative treat-
ment of immune-compromised patients. Early surgical man-
agement is appropriate in this patient population. Due to the 
aggressive nature of diverticulitis, some have suggested elec-
tive sigmoid resection in patients with a single prior attack 
when they are candidates for organ transplantation with its 
attendant long-term immune suppression [102]. Patients on 
continuous peritoneal dialysis represent a special dilemma. 
CT scanning is usually nondiagnostic, and delay in treatment 
results in poor outcomes. After treatment, very few will be 
able to remain on peritoneal dialysis [103].

Patients who fail in outpatient therapy or who present 
with significant systemic symptoms should be admitted to 
the hospital. Hospital treatment consists of complete bowel 
rest and parenteral broad-spectrum antibiotics to cover 
anaerobic and gram-negative bacteria. Triple-antibiotic or 
single-agent therapy are both effective. Nasogastric suction 
is required only with persistent vomiting or evidence of 
bowel obstruction. Laboratory evaluation includes a com-
plete blood count and urinalysis. CT should be done to con-
firm the diagnosis, quantify the extent of inflammation, and 
identify possible complicated diverticular disease. 
Conservative treatment of acute uncomplicated diverticuli-
tis leads to resolution of symptoms in 70–100% of cases [2, 
3, 46, 47, 53, 87, 104]. Oral intake is resumed with disap-
pearance of symptoms. Following hospital discharge, oral 
antibiotics should be continued for 7–10 days. With com-
plete resolution of the inflammation, patients should have 
endoscopic or radiographic evaluation of their colon to rule 
out carcinoma, and they should be started on long-term fiber 
supplementation. Psyllium seed or hydrophilic colloids 
have been shown to reduce recurrence by up to 70% [100]. 
Old studies suggest that one-fourth of patients who recover 
from their first attack will have further attacks requiring 

hospitalization [2, 105]. A recent study with a median 5-year 
follow-up revealed that <2% of patients reported more than 
mild symptoms [106].

The goal of elective sigmoid resection is to reduce the 
potential for re-presentation with complicated disease requir-
ing emergency colon surgery with its attendant increased 
complication and mortality rates. Hartmann’s resection with 
temporary ostomy formation is often a result of these emer-
gent operations. Ostomies formed during emergency opera-
tions are not reversed in a significant minority of patients 
[107]. Over the last decade, there has been a major shift in 
decision making regarding elective resection and diverticuli-
tis. The natural history of disease is not well known. Practice 
parameters from the American College of Gastroenterology, 
American Society of Colon and Rectal Surgeons, and the 
Eurogean Association of Endoscopic Surgeons have all sup-
ported elective resection after 1–2 attacks, especially in 
younger patients [108–110].

A recent population-based study of first-event-hospitalized 
diverticulitis patients [111] showed that only 5% of older 
patients who did not require emergency surgery at first pre-
sentation ultimately required emergent colectomy/colostomy 
formation. Some have estimated the risk of colostomy after 
one attack of mild diverticulitis at one in 2,000 patient years 
of follow up [112]. A multicenter Kaiser Permanente study 
[113] followed 3,165 patients admitted with diverticulitis 
for a mean of 8.9 years. They found a 13.3% recurrence rate 
in patients treated nonoperatively, one quarter had 
re-recurrences. Old age was associated with a lower recur-
rence rate (12.2%). They also noted an increased risk of 
further attacks with each additional recurrence. They believe 
that no patients had colostomies in this group.

These findings have led to a change in the traditional sug-
gestion that patients undergo elective sigmoid resection after 
1–3 documented attacks. The frequency and severity of 
attacks, crescendo attacks, and the medical comorbidities 
should be considered when deciding to suggest elective sig-
moid resection. The number of attacks should not be a major 
factor in decisions regarding timing of surgery. Most patients 
with perforating diverticular disease present with such at 
their first attack [111–116].

As seen above, very few patients require colostomies after 
initial successful nonoperative management. Further, the 
severity of disease, as measured by CAT scan during the first 
attack, may be a predictor of aggressive disease and the 
future need for operative intervention [117]. The number of 
attacks required to suggest elective resection is in dispute at 
this time. Salem [114] used a Markov model to evaluate the 
lifetime risk of death and colostomy as well as care cost and 
quality of life and elective resection for diverticulitis. They 
conclude that performing colectomy after a fourth attack in 
50-year-old patients would result in 0.5% fewer deaths, 0.7% 
fewer colostomies, and save over $1,000.00 per patient. 
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Using 35-year-old patients in the model resulted in 0.1% 
fewer deaths, 2% fewer colostomies, and over $5,400.00 
saved per patient. Clearly, delaying elective resection appears 
beneficial to patients and the cost of health care.

Elective resection for diverticulitis results in acceptable 
results. Thorn et al. [118] followed 75 consecutive elective 
sigmoid resections for diverticulitis. They found 13% major 
perioperative complications. Eight percent had recurrent 
diverticulitis during the follow-up period. Two-thirds of 
patients classified their results as good or excellent. IBS type 
symptoms in the preoperative period predicted less success-
ful outcomes. Further along this line, a 21-year retrospective 
postresection study [119] showed that patients without histo-
logic evidence for acute or chronic inflammation were seven 
times more likely to have persistent postoperative pain and 
twice as likely to have recurrent “diverticulitis” as those with 
histologic evidence of inflammation. Elective resection after 
one attack in patients requiring long-term immunosuppres-
sion is appropriate to prevent future sepsis. Elective resec-
tion may be required if cancer cannot be ruled out [62].

Surgical Technique

Elective sigmoid resection after resolution of the acute inflam-
mation should include adequate mobilization of the proximal 
bowel to provide a tension-free anastomosis. The proximal 
bowel need not be devoid of diverticulosis, but the bowel 
must be soft, supple, and free of diverticular thickening. 
Resection should include all thickened, diseased bowel. 
Splenic flexure mobilization is occasionally required to 
achieve these goals. Distal resection must include removal of 
the entire sigmoid to the rectum to significantly reduce recur-
rent attacks [120]. No diverticula should be left distal to the 
anastomosis. The site of distal transection should be at the 
point where the taenia coli are lost, signifying the beginning 
of the intraperitoneal rectum.

Laparoscopic techniques have evolved significantly in 
recent years. Laparoscopy has been used in all types of diver-
ticular resections and to drain abscesses not amenable to per-
cutaneous CAT approaches. Laparoscopic colectomy in the 
elderly is safe and effective as well [121]. Laparoscopy is 
safe with complicated diverticulitis as well [122]. 
Laparoscopic surgery is successful in treating fistula disease 
as well, with laparoscopic colovesicle and colovaginal fistula 
operations becoming more common [123, 124]. Many stud-
ies have showed that laparoscopic approach to this disease is 
safe and effective and may confer benefits to patients com-
pared with traditional open surgery. Decreased complica-
tions, faster recovery of bowel function, and oral intake have 
been seen in older patients [125, 126]. Pulmonary function is 
better preserved, and a host of stress measurements show 

that less stress is imparted to laparoscopically treated patients 
compared with open techniques [127]. These benefits have 
been shown to be enhanced in older patients compared with 
younger ones [128]. Older patients also enjoy fewer cardio-
pulmonary complications with laparoscopy [129]. 
Laparoscopy has allowed more elderly patients to be dis-
charged home rather than to rehab facilities compared with 
open surgery [125, 130]. Finally, Senagore [131] showed a 
lower direct cost in elderly patients undergoing laparoscopic 
resection compared with those having open surgery.

As experience and instrumentation improves, laparoscopy 
will most likely become the standard approach for most elec-
tive diverticular surgery and many urgent and emergent pro-
cedures as well. The most recent Practice Parameters 
published by the American Society of Colon and Rectal 
Surgeons conclude: When a colectomy for diverticular dis-
ease is performed, a laparoscopic approach is appropriate in 
selected patients [132].

Up to one-third of all patients admitted to the hospital 
require urgent or emergent surgery [2, 44, 45, 56, 105]. Up to 
one-half of elderly patients present with generalized perito-
nitis requiring operative intervention [29]. Similarly, more 
older patients with diverticulitis require urgent or emergent 
operations compared with younger patients [30]. Most 
patients requiring urgent or emergent surgery are undergoing 
their initial episode of diverticulitis [3, 113]. Hinchey et al. 
[133] described a grading system for acute diverticulitis. 
Stage I is confined pericolic abscess. Stage II is distant 
abscess. Stage III is generalized peritonitis caused by rupture 
of a pericolic or pelvic abscess, “noncommunicating” with 
bowel lumen because of obliteration of diverticular neck by 
inflammation. Stage IV is fecal peritonitis caused by free 
perforation of a diverticulum (“communication”). Emergent 
surgical treatment aims to relieve sepsis, remove the diseased 
bowel, minimize mortality and morbidity, and avoid stomas 
with their concomitant second operation to restore bowel 
continuity. Options include resection with primary anasto-
mosis, resection with proximal colostomy and closure of the 
distal end (Hartmann’s procedure), and diversion with drain-
age alone. The latter plays only a small role today, with only 
the most ill and unstable patients unable to tolerate removal 
of the infectious foci. Diversion alone leaves a column of 
undrained stool above the perforation that can further con-
tribute to the septic process [134, 135].

Resection with primary anastomosis for acute disease is 
often possible with gentle preoperative bowel preparation 
and localized sepsis [134]. Mobilization of the colon should 
begin in an unaffected area to facilitate entrance into normal 
planes of dissection. The retroperitoneal structures (ureters 
and gonadal vessels) can be swept dorsally, elevating the 
sigmoid colon. Ureteral catheters can be helpful for acute 
inflammation and occasionally for elective resections [136]. 
Hartmann’s resection with diverting colostomy has been 
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traditionally reserved for patients with unprepared bowel. 
Hartmann’s procedure carries significant complication and 
mortality rates [137].

More recently, primary resection and anastomosis in well-
selected acute disease has been successful [138]. Selection 
includes minimal local sepsis and well-nourished patients. 
On-table lavage is an option in patients with proximal solid 
stool and minimal contamination. Adequate diverticular 
resection requires removal of the distal sigmoid from the rec-
tum when restoring bowel continuity after Hartmann’s pro-
cedure. Removing the sigmoid from the rectum decreases 
recurrences of diverticular disease [120]. Furthermore, using 
the distal sigmoid instead of rectum for the anastomosis was 
found to be a risk factor in the development of postoperative 
colocutaneous fistulas [139].

Complicated Diverticular Disease

Complicating factors associated with diverticular disease 
include abscess formation, free perforation, fistula forma-
tion, obstruction, and bleeding. The presentation of compli-
cated diverticular disease occurs in up to 32% of hospitalized 
patients [87] and in more than 50% of the elderly [29]. 
Bleeding diverticular disease is discussed in Chap. 45. The 
vast majority of perforating diverticulitis occurs during the 
first attack [140, 141], and the incidence of nonperforating 
complicated diverticulitis is decreasing compared with past 
studies [117]. In contrast, the incidence of perforating diver-
ticulitis may be increasing [141]. Complicated diverticulitis 
is associated with significant morbidity and mortality, and 
the need for operative intervention should be continually 
reassessed. Treatment of complicated diverticular disease 
requires accurate diagnosis and staging. The goal of treat-
ment of complicated diverticular disease is to minimize mor-
bidity and mortality, avoid ostomy formation and the number 
of subsequent operations. To achieve these goals, nonopera-
tive techniques can convert complicated disease to medically 
manageable disease, thereby allowing elective resection with 
primary anastomosis.

Hartmann’s procedure is associated with high morbidity 
and mortality rates [136, 142, 143]. Retained colostomy rates 
after Hartmann’s operation range from 5 to 58% [136, 144]. 
A  large review of Hartmann’s procedure [107], where 
diverticulitis was the indication for almost 60% of operations, 
found a 14% mortality rate and that more than 40% of colos-
tomies were not reversed. In a related study [145], a higher 
than expected mortality rate was found in older patients under-
going colostomy reversal. And, in these older patients, only 
30% of colostomies created were reversed! Surgeons operat-
ing emergently on the elderly need to ensure proper placement 
and construction of these temporary ostomies, as many of 

them are permanent to the patient. Furthermore, colostomy 
closure is associated with significant complication and death 
rates, especially in the elderly [144]. Eisenstat et  al. [146] 
recorded a lower mortality rate for complicated diverticular 
disease treated with elective resection than that treated with 
staged surgical procedures. Avoiding a stoma with its con-
comitant second operation is a major goal of operative treat-
ment for complicated diverticular disease. Accurate 
preoperative diagnosis is helpful, as up to 25% of patients 
explored for abscess or fistula have a perforated cancer [147].

Abscess formation is the most common complication of 
acute diverticulitis, occurring in 32–68% of complicated 
diverticular cases [88–90, 148]. A wide spectrum of presen-
tations may result: small occult abscesses; scrotal, buttock, 
or thigh abscess; and sepsis due to a large abscess. Diagnosis 
is best made with CT [8, 149]. Treatment is aimed at relief of 
the sepsis and the diverticulitis. Small pericolic abscesses or 
phlegmon may be managed conservatively with bowel rest 
and broad-spectrum intravenous antibiotics. Elective, single-
stage sigmoid resection with primary anastomosis can be 
done with resolution of symptoms. If symptoms worsen or 
are not alleviated, repeat CT scan with percutaneous drain-
age of the abscess should be considered (see Figs. 67.2 and 
67.3). Exploration is reserved for patients whose abscesses 
are not amenable to percutaneous drainage or who fail in 
conservative management. Primary anastomosis is possible 
if the proximal and distal bowel is healthy and the perfora-
tion is contained, and if a gentle preoperative mechanical 
preparation has been done [144]. The patient’s underlying 
medical diseases and acute physiologic status must obvi-
ously be considered.

Figure 67.2  Diverticular abscess with well-formed, enhancing wall.
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Large abscesses, including more distant pelvic abscesses, 
and smaller ones that do not respond to conservative treat-
ment should be referred quickly for possible percutaneous 
drainage under CT guidance [150]. Percutaneous drainage of 
diverticular abscesses is associated with a success rate of 
62–100% [88, 89, 150–154]. Following placement of a drain-
age catheter and aspiration of the pus, repeat radiologic eval-
uation should be undertaken to assess not only resolution of 
the abscess cavity but also to identify potential fistulous 
communications to the small or large bowel. In the setting of 
appropriate drainage, treatment should progress as for 
uncomplicated diverticulitis. The catheter may be removed 
when the drainage stops or when complete collapse of the 
abscess cavity has been shown by sinography. At discharge, 
the catheter may also be left in place and removed during 
subsequent elective sigmoid resection [88]. The presence of 
a persistent colocutaneous fistula does not preclude elective 
resection with primary anastomosis [136]. Such a course of 
treatment allows complicated disease to be transformed non-
operatively to disease that responds to medical treatment, 
thereby avoiding emergent surgery with stoma formation. 
Subsequent elective sigmoid resection with primary anasto-
mosis after resolution of inflammation (in about 6 weeks) 
becomes the only operative intervention required [154]. This 
has become the standard treatment for diverticulitis compli-
cated by abscess formation.

Stabile et  al. [88] followed three patients who refused 
surgery after catheter drainage for large abscesses. One 
required resection after a repeat diverticulitis attack 7 months 
later. The second required permanent catheter drainage for 

recurrent and persistent abscesses. The third died in hospital 
of sepsis. Ambrosetti et al. [32] followed one patient with-
out operation after percutaneous drainage who required 
elective resection 11 months later owing to stenosis. The 
authors suggested that occasional small mesocolic abscesses 
can be managed without operation, but they stated that pel-
vic and abdominal abscesses behave aggressively and 
require surgical treatment. Kaiser [155] found that 41% of 
patients who managed with percutaneous abscess drainage 
without surgery developed severe sepsis. Conversely, 
Broderick-Villa [113] found no increase in recurrence rates 
after abscesses were percutaneously drained and treated 
without elective operation compared with uncomplicated 
diverticulitis followed nonoperatively. Others suggest a con-
servative approach after drainage is appropriate as well 
[156]. As with elective resection after uncomplicated diver-
ticulitis, there may be a change of surgical decision making. 
At this time, all patients, with the possible exception of 
those with small mesocolic abscesses, which are treated 
with percutaneous drainage, should have elective sigmoid 
resection after resolution of inflammation to prevent future 
complications [132].

Pelvic abscesses can be drained transrectally and trans-
vaginally in women as well. These techniques are being 
replaced by CT-guided drainage but should remain in the 
surgeon’s arsenal. If large abscesses cannot be drained ade-
quately or if sepsis does not resolve, operative exploration is 
required. Gentle preoperative mechanical bowel preparation 
can be performed in well-selected patients, and with normal 
proximal and distal bowel, resection and primary anastomo-
sis can be performed safely [144]. The use of Hartmann’s 
procedure is reserved for most other patients. One should 
remember that restoring bowel continuity after Hartmann’s 
procedure has high morbidity and mortality rates, and a 
large percentage of “temporary” stomas become permanent 
[134, 143–145].

A few important technical aspects of resection must be 
emphasized. When possible, care should be taken in the face 
of peritonitis to avoid opening noninfected tissue planes such 
as the presacral space and the splenic flexure area. These 
areas are known to invite abscess formation and are best left 
intact and free from contamination by the infectious process. 
Ureteral catheters may be employed, as the inflammatory 
process may obliterate the normal tissue planes and allow the 
ureters to be drawn into the inflammatory process [157]. The 
reader is referred to standard surgical textbooks for other 
technical aspects of sigmoid resection.

Perforating diverticular disease is the most virulent form 
of this disease. The vast majority of patients with perforating 
diverticulitis have no previous history of diverticulitis [112–
114]. It is important to consider these patients separately from 
other complicated diverticulitis patients. Perforating diver-
ticulitis has higher operative mortality (12–21% vs. 0–2.6%) 

Figure 67.3  Percutaneous drainage of the abscess.
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compared with nonperforating complicated diverticulitis 
[53, 116]. Free perforation of diverticulitis generally pres-
ents as acute sepsis or an acute abdominal crisis and some 
degree of shock. It occurs in approximately 10% of compli-
cated cases [88]. More importantly, up to 50% of elderly 
patients present with diffuse peritonitis [29, 30]. Rapid 
hydration with correction of electrolyte abnormalities is nec-
essary. Broad-spectrum antibiotics are administered preop-
eratively. Immunocompromised patients may not exhibit 
classic abdominal findings. Physical examination and CT 
scans generally yield the diagnosis. A large number of old 
patients with peritonitis lack abdominal pain as a finding 
[74], so a high index of suspicion is required when treating 
them. Emergent exploration with aspiration of pus, cleansing 
of fecal material, resection of the diseased bowel, and proxi-
mal end colostomy with oversewing of the distal stump 
(Hartmann’s operation) are performed [158–160]. Only 
rarely are patients so sick that diversion and drainage without 
resection is appropriate [159, 161]. In fact, one study [134] 
found higher mortality among patients treated with diversion 
only compared to those who underwent resection, despite 
more steroid use and fecal peritonitis in the resection group. 
The mortality rate associated with fecal peritonitis is as high 
as 35% [134, 159, 161].

Fistula formation occurs in approximately 2% of diver-
ticulitis cases but accounts for up to 22% of patients requir-
ing surgery [144, 159, 162, 163]. Multiple fistulas are 
uncommon [163]. Fistulas develop when inflammation or 
abscesses develop in close proximity to adjacent organs. The 
inflammatory process invades the adjacent normal organs 
and causes decompression, which spontaneously converts 
the acute complicated infectious process to controlled, 
drained, simple diverticulitis. It is diagnosed often on clini-
cal grounds, and diagnostic tests are used to rule out cancer 
and other diagnoses. Expensive, complex testing is often 
unnecessary. In general, single-stage resection with primary 
anastomosis can be performed in a fashion similar to that 
used for complicated diverticulitis treated with percutaneous 
abscess drainage.

The bladder is affected most commonly [164, 165]. 
Symptoms include pneumaturia and fecaluria. Sepsis can 
also occur. Diagnosis is made most commonly by the patient’s 
history. CT scan is most accurate for diagnosis, showing air 
in the uninstrumented bladder and inflammation of the sig-
moid colon and dome of the bladder [159]. Contrast enema 
or endoscopic evaluation is required to rule out colon cancer. 
Cystoscopy may be performed to rule out a neoplastic pro-
cess originating in the bladder. In some patients, the fistula 
cannot be demonstrated. Elective sigmoid resection with pri-
mary anastomosis is curative [164]. The fistula is pinched off 
the bladder. A small bladder defect is best treated by Foley 
catheter drainage for 7–10 days. Large defects should be 
closed in two layers with absorbable suture and drained by 

Foley catheter for a similar length of time. Bladder resection 
should be reserved for malignant disease [165].

Colovaginal fistulas occur most commonly in women 
who have had a hysterectomy. Diagnosis is simply made by 
the history, including flatus or stool per vagina. It is con-
firmed by transvaginal and transanal endoscopy. Air may be 
heard exiting from the vagina during sigmoidoscopy. Contrast 
enema or endoscopic evaluation of the colon is required to 
rule out neoplastic and inflammatory bowel disorders. 
Patients generally are not septic at the time of presentation 
and may undergo elective sigmoid resection with primary 
anastomosis. The vagina can be left open for drainage or 
may be closed with absorbable sutures and omentum inter-
posed between the vagina and the anastomosis. Other organs, 
including the uterus, may be involved with the fistulous pro-
cess. Hysterectomy may be required if the uterus is involved 
with the infectious process or if a neoplastic process is sus-
pected [166]. Spontaneous colocutaneous fistulization is 
uncommon and can be treated with resection and primary 
anastomosis if sepsis is controlled.

Obstruction complicating diverticulitis occurs uncom-
monly [167]. Repeated episodes of edema, spasm, and 
inflammation cause a chronically strictured bowel lumen to 
become narrowed. Acute inflammation can then complete 
the luminal obstruction. Gentle water-soluble enema or 
endoscopy by a skilled endoscopist with minimal air insuf-
flation can confirm the diagnosis and exclude a neoplasm. 
With proper diagnosis and treatment, the inflammation usu-
ally resolves, and the obstruction abates. This allows it to be 
treated as uncomplicated diverticulitis with preoperative 
bowel preparation followed by elective resection and pri-
mary anastomosis after complete resolution of inflammation. 
Emergency operation for obstruction due to diverticulitis 
generally requires removing the diseased bowel with cre-
ation of an end colostomy. The unprepared and dilated proxi-
mal bowel often precludes safe primary anastomosis. 
On-table lavage has been used more frequently in selected 
cases to allow primary anastomosis [168].

Right-Sided Diverticulitis

Right-sided diverticulitis has a different etiology, pathophys-
iology and affects a different patient population group com-
pared with left-sided disease. Right-sided diverticula are true 
diverticula, with all layers of the bowel wall involved with 
the outpouching. They most commonly affect Far-Eastern 
populations. Presentation mimics appendicitis with right-
sided pain and infectious systems. Preoperative diagnosis is 
uncommon. X-ray findings often suggest neoplastic diseases. 
Nonoperative treatment is usually effective if accurate diag-
nosis is made before surgery. Not infrequently, the diagnosis 
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is in doubt at time of operation, and right colon resection is 
performed with a presumed diagnosis of tumor. Resection, 
diverticulectomy, and inversion of the diverticulum have 
been reported.

In conclusion, diverticulitis is common in the elderly. 
Symptoms may be avoided with a high-fiber diet and fiber 
(psyllium) supplement intake. Older patients frequently pres-
ent atypically and are difficult to be accurately diagnosed. 
Diverticulitis appears to be a more virulent disease at initial 
presentation in the elderly. More than one-half of patients 
require emergent operation with many having ostomy forma-
tion. Ostomies are commonly permanent in these old patients. 
CAT drainage of abscesses allow for safer, elective resection. 
Most patients who avoid surgery at initial presentation can 
be managed without subsequent operation. Laparoscopic 
approaches allow for decreased morbidity, mortality, shorter 
hospital stays, and early discharge to home, and these advan-
tages are more pronounced in the elderly.

Appendicitis

Many investigators have tried to assign an immune function 
to the appendix, as it does secrete immunoglobins, but the 
appendix is an organ whose function is unknown. Certainly, 
normal life results after its removal. Inflammation and neo-
plastic transformation are by far the most common afflictions 
that affect the human appendix. Infectious diseases (typhoid 
and tuberculosis), regional enteritis, and congenital defects 
of the appendix are beyond the scope of this chapter. 
Similarly, neoplasms of the appendix are not addressed. 
Appendectomy is one of the most common operations per-
formed, with more than 500,000 appendices removed annu-
ally in the USA; 5–10% of acute appendicitis occurs in the 
elderly. Old patients delay presentation, present atypically, 
and suffer delay in diagnosis and treatment more often than 
young patients. Perforation is found more frequently in the 
elderly. Higher mortality rates and prolonged hospital stays 
result. The following section attempts to explain these 
findings.

Etiology

Obstruction of the lumen of the appendix is the predominant 
cause of appendicitis, and fecaliths are a common cause of 
obstruction (Figs. 67.4 and 67.5). After the lumen has been 
obstructed, a closed microenvironment is produced, which 
allows fluid sequestration, stasis, distension, and bacterial 
overgrowth. Mucosal secretion and bacterial multiplication 
increase the distension and intraluminal pressure. As the 

diameter of the lumen expands to accommodate the 
increased pressure, venous and then arterial pressures are 
overcome. Ischemia, necrosis, bacterial translocation, and 
appendiceal perforation result. Interestingly, humans are 
one of the few animals able to secrete fluid into the lumen of 
the appendix at pressures high enough to produce necrosis 
and perforation [169].

Figure 67.4  Fecalith within an acutely inflamed appendix.

Figure 67.5  Same patient, coronal view.
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Perforation occurs owing to vascular compromise, causing 
necrosis, usually on an antimesenteric border. There are 
thought to be many differences in the elderly appendix that 
predispose it to obstruction and perforation. The appendiceal 
lumen is small or obliterated, and the blood supply is 
decreased, predisposing to necrosis; the mucosa is thinned, 
and there is fatty infiltration of the wall [170]. These changes 
may lead to increased rupture rates with decreased pressures, 
thus altering the natural history of appendicitis in the elderly. 
NSAIDs have been implicated in appendicitis as well. 
Campbell and DeBeaux [171] found that 37% of patients 
over the age of 50, with the diagnosis of acute appendicitis, 
were on NSAIDs compared with only 11% of a similar age 
group admitted with other emergencies.

Epidemiology

Appendicitis is the most common acute surgical condition of 
the abdomen. Six to eight percent of the population will suf-
fer from acute appendicitis in their lifetime [172–174]. Life-
table analysis estimates that 12% of males and 23% of 
females have their appendixes surgically removed [173]. 
Acute appendicitis occurs at all ages but is most frequent 
during the teenage years [173, 175]. This age peak is thought 
to result from the peak in lymph tissue in the appendix dur-
ing these years. The extra lymph tissue presumably narrows 
the lumen, predisposing it to obstruction and the resulting 
appendicitis. Males are more commonly affected at young 
age, but during later adult life, the male/female ratio equals 
out [176]. There is a decrease in the incidence of acute 
appendicitis in the young over recent decades, and the reason 
is unknown [170, 173, 175–177]. Five to ten percent of all 
acute appendicitis occurs in the elderly [172, 175, 177, 178], 
and in fact, the incidence of acute appendicitis in the elderly 
is increasing [170, 176, 177]. It may be due to longer life 
spans, as Thorbjarnarson and Loehr [170] found that old 
patients accounted for only 1% of appendicitis between 1932 
and 1937, whereas this percentage increased to 6–8% after 
1957. Altogether, 1 of 35 women and 1 of 50 men over age 
50 years develop acute appendicitis [174]. Furthermore, 
appendicitis accounted for 2.5–5.0% of all acute abdominal 
disease in patients over 60–70 years of age [74, 178].

Acute appendicitis is the third most common cause of 
abdominal pain in the elderly after gallbladder disease and 
small bowel obstruction [179, 180]. It is the leading source 
of intraabdominal abscess, which in turn is the most com-
mon cause of fever of unknown origin in the elderly [77]. 
About 33–50% of the mortality due to acute appendicitis 
occurs in the elderly [172, 173, 181]. Whereas mortality 
from appendicitis in general has been decreasing, the per-
centage of deaths among the elderly is on the rise [170], often 

due to delays in diagnosis and treatment. Also, lowered 
immune responses to foreign antigens and decreased produc-
tion of lymphocytes with advancing age limits the older 
patients’ ability to wall off peritoneal inflammation and fight 
overall infectious events [182, 183]. It has been postulated 
that changes occur in the appendix as we age, including atro-
phy of the intraluminal lymphoid tissue and thinning of the 
appendiceal wall, which render the appendix more susceptible 
to inflammation. Atherosclerosis diminishes the blood supply, 
narrowing the lumen. Small changes in intraluminal pressure 
can produce rapid ischemia, gangrene, and perforation at rates 
much quicker in older persons than the young [184].

Symptoms and Diagnosis

Abdominal pain, fever, and leukocytosis are the hallmarks of 
acute appendicitis. Distension of the obstructed appendix 
stimulates visceral afferent nerve fibers, producing vague, 
dull, midabdominal pain. Pain classically begins in the peri-
umbilical area and migrates to the right lower quadrant 
within hours [169, 185]. This pain is peritoneal in origin and 
as such is constant and increases with time. Anorexia is com-
mon. Vomiting occurs up to 75% of the time. Protracted 
vomiting and diarrhea should lead the clinician away from 
the diagnosis. There are many variations in presentation.

Physical examination reveals the site of peritoneal inflam-
mation. Usually, tenderness is found at McBurney’s point. 
Rovsing’s sign (pain referred to the right lower quadrant with 
palpation of the left side) indicates localized peritoneal irrita-
tion. The appendix may be found anywhere in the abdomen 
and thus can cause pain during psoas muscle stretch, obtura-
tor muscle stretch, rectal examination, or palpation of any 
abdominal site [185]. Continued irritation results in rebound 
and referred peritoneal irritation. Frank peritonitis can ulti-
mately result with perforation. Elevated core temperature is 
usually not more than 39°C. The WBC count is generally 
between 10,000 and 18,000/mm3 with a left shift [169]. 
Higher or lower counts and extreme left shifts are indications 
of diffuse peritonitis. Acute-phase reactants are being exam-
ined in an attempt to increase the accuracy of the preopera-
tive diagnosis. Urinalysis should be done but may be 
abnormal if the appendix is adjacent to the bladder or ureter.

The presentation and difficulty with diagnosis of acute 
appendicitis in the elderly deserves special consideration. 
Most importantly, older patients more frequently delay 
seeking medical attention for a variety of reasons: difficulty 
leaving home, fear of hospitalization, decreased ability to 
appreciate or express symptoms. An elderly patient with a 
perforated appendicitis who was incorrectly treated for 
alcohol withdrawal for 5 days prior to being accurately 
diagnosed has been reported [186]. Burns et al. [187] found 
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that 20% of older patients with acute appendicitis had WBC 
counts <10,000/mm3 and neutrophil counts <75%. Lau et al. 
[188] found only 43% of old patients with simple appendi-
citis to have elevated WBC counts. Thorbjarnarson and 
Loehr [170] recorded an average duration of symptoms 
prior to admission in patients over age 60 to be 2.5 days. 
Horattas et al. [189] found that one-third of patients over 60 
years of age waited more than 48 h from onset of symptoms 
before presenting to the hospital. Fewer than two-thirds had 
“typical” right lower quadrant pain, and one-half had a tem-
perature <37.6°C. Similarly, Smithy et al. [190] found that 
only 55% of patients over age 80 had right lower quadrant 
pain, and 18% did not have abdominal pain. They also noted 
that only 1 of 13 patients had “typical” periumbilical pain 
localizing in the right lower quadrant. They hypothesized 
that because of the smaller lumen diameter of the elderly 
appendix, which requires less pressure to produce rupture, 
the old patient does not necessarily experience the pro-
dromal phase of appendicitis with the generalized abdomi-
nal pain, anorexia, nausea, and vomiting thought to be 
caused by visceral distension. Nausea, vomiting, fever, and 
anorexia were found to be uncommon in old patients by oth-
ers as well [72, 186]. Burns et al. [187] compared the pre-
sentations of young and old patients. They found that twice 
as many young patients presented “classically,” and old 
patients were more than two times more likely to delay pre-
sentation for more than 72  h after onset of symptoms. 
Furthermore, in their study, old patients were three times 
likely to have operation delayed more than 24 h after admis-
sion than were the young. Horattas et al. [189] found that 
13% of patients had their operations delayed more than 48 h 
after admission, further illustrating the difficulty of cor-
rectly diagnosing this age group. Samiy [191] described a 
blunted or absent pain response in the elderly and, perhaps 
more importantly, found that doctors often minimize the 
importance of the old patient’s pain, attributing it to old age 
or concomitant diseases [192–194]. Clinicians must be more 
cognizant of the abdominal complaints in old patients if 
prompt diagnosis and treatment with resultant decreased 
morbidity and mortality are to be expected.

The confident diagnosis of acute appendicitis is difficult, 
and the experienced clinician is wrong 5–25% of the time 
[175, 195]. Many books and articles have been written 
describing techniques for diagnosing acute appendicitis 
[175, 196–198]. The combination of appropriate history, 
physical examination, and elevated WBC count is thought to 
be most important for diagnosing appendicitis correctly 
[199]. Unfortunately, these factors are not often present 
together [198]. Ultrasonography and focused CT have been 
used extensively for presurgical evaluation of patients [196, 
197, 200]. Despite numerous advances in radiographic tech-
niques, the rate of unnecessary explorations remains at 
5–20% [196, 197, 201].

C-reactive protein (CRP) has been studied as a tool to aid 
in the accurate diagnosis of appendicitis [202]. There is a 
decline in the production of inflammatory mediators and in 
the immune system with aging [182, 183, 203]. CRP is pre-
served with age [202]. CRP has been found to be consistently 
elevated only in patients with perforation, perhaps since it 
first appears in the serum about 8 h after the initial insult and 
takes 24–48 h to reach peak blood levels [202]. Thus, ele-
vated serum levels are often found only with prolonged 
symptoms, which correspond to high perforation rates. 
Obviously, if symptoms progress rapidly, there is no time for 
serum CRP levels to rise. CRP is not specific for appendici-
tis: It also increases with any inflammation, surgical trauma, 
and acute myocardial infarcts [202].

CT scanning has made accurate diagnosis easier. More 
liberal use of CT scanning can lead to the diagnosis of appen-
dicitis in older patients where this diagnosis was not enter-
tained [204]. Despite this, outcomes including perforation 
rates and duration of hospitalization may not be affected.

Exploratory laparotomy or laparoscopy remains the diag-
nostic test of choice in appropriately chosen patients. 
Despite the advances in preoperative modalities, an accu-
rate diagnosis of acute appendicitis is made in only 30–77% 
of the elderly on admission and in only 70% preoperatively 
[186, 189, 190, 195, 205]. Between 14 and 33% of older 
patients have operations more than 24  h after admission 
[187–190, 205].

Treatment and Outcomes

Nonoperative care of acute appendicitis is appropriate only 
if emergent surgical expertise is unavailable. Recurrence 
within 18 months is seen in at least 35% of patients treated 
only with antibiotics [206]. Early, aggressive treatment is 
imperative to minimize mortality in the elderly. In fact, 
Burns et al. [187] suggested “based on the lack of signifi-
cant complications in those patients with a false-positive 
diagnosis and the 65% perforation rate in older patients, we 
feel an even earlier and more aggressive surgical approach 
is warranted.” Operative treatment for acute appendicitis 
remains resection of the offending organ. Hydration and 
correction of electrolyte imbalances prior to urgent opera-
tion is prudent. Untoward delay before exploration may 
allow progression of the disease and ultimately free rupture 
of the organ with resultant peritonitis. Preoperative broad-
spectrum antibiotics are administered intravenously and are 
continued postoperatively if necrosis or perforation is dis-
covered. All pus should be evacuated, localized abscess 
cavities irrigated thoroughly, and appropriate closed-suction 
drains employed if abscess cavities are encountered [187]. 
The skin should be left open in complicated cases. When a 
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normal appendix is discovered, the abdomen should be  
systematically examined to search for the origin of the symp-
toms; resection of the normal appendix is usually appropri-
ate. Nonoperative management of abdominal abscesses is 
well known. CT-guided drainage of abscesses allows resolu-
tion of the acute septic process followed by elective, internal 
operative treatment, thereby avoiding emergency surgery 
with its attendant morbidity (Figs. 67.6 and 67.7) [88, 89, 
151, 207]. Acute appendicitis with a contained abscess 

responds well to drainage [208], and most patients with 
appendicitis respond to antibiotics [207, 209]. Interval 
appendectomy 6–12 weeks later, after resolution of the 
infectious process, is suggested because of the high recur-
rence rates. Some question the need for interval resection 
[207–209]. Recurrence rates in adult age groups approach 
35% [207]. With the well-known delay in presentation, dif-
ficulty with accurate and timely diagnosis, and the increased 
morbidity and mortality seen in the elderly, interval appen-
dectomy is suggested in all but the frailest. Neoplasm must 
be ruled out in those managed conservatively. Furthermore, 
elective interval appendectomy lends itself well to the lap-
aroscopic approach, as stressed by Greig and Nixon [209].

Ileocecal resection and primary anastomosis are reserved 
for the markedly inflamed cecum. Rarely, resection cannot 
be performed safely because of the inflammatory reaction. In 
these cases, irrigation and drainage are performed, and inter-
val appendectomy is scheduled for 6–12 weeks later. The 
reader is referred to general surgical textbooks for the detailed 
operative technique.

More than 75% of young patients are found to have simple 
appendicitis at operation [29, 186, 206]. This is in contrast to 
48–63% of patients over 50 years of age having a ruptured 
appendicitis [205, 210] and 49–92% of patients over 70 years 
age having perforation, an abscess, or both [29, 176, 179, 
190, 192, 193, 209]. Luckmann [175] found an age-related 
increase in complex appendicular disease in a California 
population-based study. About 1.8–32.0% of the older 
patients succumb to their disease, mostly owing to sepsis 
[170, 173, 175, 178, 188, 190, 195, 205]. In a countrywide 
population-based study, the mortality was 4.6% for patients 
over 65 years of age and only 0.2% for those <65 [173].

It is debated whether appendicitis in the elderly progresses 
more quickly than that in younger patients, which may 
account for the higher perforation rates found in old patients. 
Children with symptoms for more than 48 h have perforation 
rates up to 98% [211]. Franz et al. [205] studied a Veterans 
Administration hospital population and found that those with 
simple appendicitis had symptoms lasting a mean of 22 h, 
perforated appendicitis patients a mean of 50 h, and those 
with abscesses an average 66 h prior to presentation. They 
concluded that the delay in seeking care accounts for the 
increased perforation and abscess rates in old patients. 
Watters et  al. [29] agreed that prehospital delay accounted 
for the increased rate of perforation found in the elderly 
compared with the young. Paajanen et al. [212] agreed that 
duration of symptoms within an age group corresponds well 
with perforation rates for that group, thus dispelling the con-
cept that in old patients appendicitis progresses more rapidly 
than in young patients. Others have found an increased rate 
of perforation in pregnant women, with symptoms lasting 
longer than 24 h [213], and in children, with symptoms more 
than 48 h prior to operation [211]. Similarly, Temple et al. 

Figure  67.6  Acute appendiceal abscess with enhancing wall and air 
within the abscess.

Figure 67.7  Percutaneously placed drain within this abscess.
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[214] examined 95 consecutive patients and found an average 
of 31 h from onset of pain to operation for simple appendicitis, 
whereas patients with perforation had symptoms for 63  h 
before operation. Interestingly, those with perforation spent 
less time in the hospital before operation. In contrast, Smithy 
et al. [190] observed a 92% perforation rate in patients more 
than 80 years of age, with an average time from admission to 
operation of 15  h, bespeaking the difficulty of making the 
diagnosis in the elderly. Thus, the rate of evolution of appendi-
citis is not different in the elderly. Old patients more frequently 
delay seeking treatment, increasing the rate of perforation.

Lau et  al. [188] found a 38% perforation rate in old 
patients operated on within 24 h of the onset of symptoms, 
suggesting aggressive disease. Wolff and Hindman [215] 
agreed finding a perforation rate of 41% in old patients with 
onset of symptoms within 24 h of operation. However, Burns 
et al. [187] found that one-third of young and old patients 
operated on within 24  h had perforation. Von Tittle et  al. 
[216] also found that roughly one-third of old patients with 
perforation had symptoms for <24 h. Thus, an equal number 
of their young and old patients progressed rapidly to advanced 
disease. They concluded that physicians are responsible for 
almost two-thirds of older patients’ delays in diagnosis and 
treatment of appendicitis, with the patients themselves being 
responsible for the rest. Obviously, duration of symptoms 
correlates with perforation rates in all age groups. Luckmann 
[175] found that only 53% of patients over 80 years of age in 
California had their operation on the day of admission, com-
pared to more than 80% of young patients. More impres-
sively, in patients with abscesses, more than 85% of young 
patients had operations within 1 day of admission, compared 
to only 57% of those older than 80 years. This further attests 
to the difficulty accurately diagnosing and treating acute 
appendicitis in the elderly. One study revealed that 17% of 
elderly patients were treated without accurate diagnosis prior 
to being admitted with acute appendicitis [187]. Incorrect 
diagnosis rates in the elderly are as high as 25% [217].

Most studies show that the progression of appendicular 
disease in the elderly is similar to that in younger groups. 
However, old patients frequently present with longer dura-
tion of symptoms and are more commonly misdiagnosed, 
resulting in delayed operation. This prolonged time from 
onset of symptoms to operation accounts for the increased 
perforation rates found in the elderly. Their concomitant 
medical problems most likely account for the high mortality 
rates reported. Incidental appendectomy should not be per-
formed in patients over 60 years of age and probably not in 
those over 35 years of age [173].

In-hospital observation has been shown to decrease nega-
tive operative rates safely without increasing the perforation 
rate [217, 218]. This suggests that the out-of-hospital delay 
is most important for determining the aggressiveness of dis-
ease. Lau et al. [188] found a statistically significant increase 

in perforation rates in elderly patients when surgeons delayed 
operation for more than 25 h. Klein et al. [195] also found 
increased perforation and abscess rates in old patients with 
increasing delays of operation. Because of the difficulty 
diagnosing old patients, attempting to decrease perforation 
rates through hospital observation in the elderly is unwise.

Many authors have examined laparoscopic vs. open 
appendectomy [198, 219–223]. One prospective randomized 
study found that patients used fewer analgesics and returned 
to full activity sooner compared to those exposed to conven-
tional operative techniques [222]. Some have found fewer 
wound infections with laparoscopic techniques [224–226]. 
This good record is usually achieved with increased hospital 
cost. Others have found an increase in abdominal abscesses 
in laparoscopically treated patients [227]. A recent large 
comparative study and a prospective randomized study both 
has found advantages for laparoscopic approach to appendi-
citis, without increased abdominal abscesses [228, 229]. One 
obvious advantage of laparoscopic appendectomy is the abil-
ity to view the entire abdomen and pelvis in cases where the 
diagnosis is in question.

Konstantinos [230] examined more than 1,000 consecu-
tive laparoscopic operations for suspected appendicitis. They 
had a conversion rate of <1 and 1.1% wound infection rate 
with no intraabdominal abscesses or deaths, despite a 14% 
ruptured or gangrenous appendix rate and 4% having intraab-
dominal abscesses. They also found significantly shorter 
hospital stays and quicker return of bowel function. Paranjape 
[231] examined three different time periods and how lap-
aroscopy changed outcomes in the elderly. They found an 
increased use of CT scanning, fewer patients presenting with 
classic symptoms, increased correct admission diagnoses, 
fewer perforations, and fewer complications in the most 
recently treated group. They also found shorter hospital stays 
with laparoscopy. Their operative time was similar for both 
open and laparoscopic approaches.

Laparoscopic appendicitis in elderly North Carolina resi-
dents has been studied as well [232]. The patients who under-
went conventional and laparoscopic operations were 
comparable with regard to age, gender, and comorbidities. 
Fifty-five percent presented with perforated appendicitis. 
There was a steady increase in laparoscopic use over time, 
rising from 11.9% in 1997 to 26.9% in 2003. Advantages 
found in the laparoscopic group includes: shorter length of 
stay (4.6 vs. 7.3 days), higher rate of discharge to home (91.4 
vs. 78.9%), fewer complications (16.3 vs. 20.8%), and a 
lower mortality (0.4 vs. 2.1%). As important is overall hospi-
tal cost, which shows a trend for lower total cost for the lap-
aroscopic group, $17,031 vs. $19,587.

In conclusion, 10% of all appendicitis occurs in the elderly. 
Older patients present atypically and often delay seeking 
medical treatment. Diagnosis is difficult owing to blunted 
symptoms and response to inflammation. Perforation occurs 
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more frequently and possibly faster than in younger patients. 
High index of suspicion and liberal use of CT scanning can 
facilitate correct diagnosis. Laparoscopic technique decreases 
complications, shortens hospital stay, increases home dis-
charge, and is not associated with increased hospital cost.
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The incidence of benign medical and surgical diseases of the 
colon and rectum increases with age. Although constipation, 
fecal incontinence, and several other associated benign 
conditions increase in frequency with aging, a paucity of 
information exists regarding the normal aging effect on gas-
trointestinal pathophysiology. Studies documenting anatomic, 
physiologic, and pathologic changes that occur in the aging 
colon have not been definitive, and many studies have reported 
conflicting results. Mucosal atrophy, atrophy of circular mus-
cles, thickening of longitudinal muscles (taeniae coli), 
increased elastin deposition, and atherosclerosis are  several 
of the changes seen in the aging bowel [1]. These changes 
may factor into the development of several disease states 
(i.e.,  diverticular disease and angiodysplasia). Medications 
affect gastrointestinal function and many have constipation 
as  a side effect. Preexisting diseases (cardiac, pulmonary, 
renal, neurologic, psychiatric) may affect colonic motility 
directly or secondarily. In addition, these comorbidities affect 
medical and surgical therapy, making geriatric operative risks 
higher. Early diagnosis and treatment is crucial even for seem-
ingly benign diseases or symptoms. In this chapter, we address 
benign colorectal diseases frequently encountered in the 
elderly patient and which may increase as the population 
ages. Diseases common to both young and old persons, such 
as hemorrhoids and fissures, are not discussed.

Constipation and Pelvic Floor Abnormality

Constipation is a frequent complaint in the USA and has been 
estimated to affect more than four million people. Complaints 
of constipation increase with age and are more common in 
women, blacks, and persons of lower socioeconomic sta-
tus [2, 3]. The overall prevalence of reported constipation in 

the elderly Western population is approximately 20–25%, 
but differs according to the source of the sample [3–5]. The 
incidence of constipation is approximately 12% in the ambu-
latory geriatric population vs. 41% in acute-care facilities 
and more than 80% in geriatric nursing homes and extended-
care facilities. Elderly women are more likely to report symp-
toms of constipation than elderly men [5]. Further studies 
indicate large variation in bowel habits and frequent use of 
laxatives in as many as 30–50% of the elderly population 
[6–8]. Subjective complaints of constipation and laxative use 
increase with age, but true epidemiologic data suggest that 
clinical constipation does not [9]. Although complaints of 
constipation increase in those over age 65, about 80–90% of 
subjects over age 60 report at least one bowel movement per 
day [6, 7]. Although there may be normal physiologic aging 
of the colon and rectum, asymptomatic geriatric patients do 
not seem to differ significantly from their younger cohorts.

It is important to define constipation, as patients and their 
physicians frequently have different definitions [10]. Several 
investigators have attempted to define “normal” bowel func-
tion in the elderly [6, 8]. The normal number of bowel move-
ments within the elderly population ranges from three per 
week to two or three per day and does not differ from that 
found among the young population [11]. It is generally 
accepted that patients with a reduced frequency in the num-
ber of bowel movements (fewer than three per week) are 
considered constipated [12]. A consensus definition of con-
stipation was developed by a group of experts at an interna-
tional congress of gastroenterology and is known as the 
Rome II criteria (Table 68.1) [13].

Decreased motility or prolonged transit diffusely through-
out the colon can be caused by several factors. Dietary factors 
(fluid and fiber) have frequently been implicated. Inadequate 
fluid intake may decrease the fecal bulk causing decreased 
intraluminal pressures in the colon, which in turn may 
decrease the number of propagating motor complexes gener-
ated [9]. Fiber plays a questionable role in the development 
and treatment of constipation. A meta-analysis showed that 
bran did not affect the stool output or transit time in consti-
pated patients [14]. Many medications taken by the elderly 
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are known to cause constipation [15]. Anticholinergics, 
tricyclic antidepressants, b-blockers, and calcium channel 
blockers are commonly implicated. Over-the-counter medica-
tions, such as aluminum and calcium antacids and laxatives, 
may also contribute to patients’ symptoms. Chronic medical 
diseases such as hypothyroidism, diabetes, scleroderma, mul-
tiple sclerosis, and Parkinson’s disease can result in decreased 
colonic motility. Psychiatric conditions (depression and 
dementia) have been associated with constipation, which may 
be behaviorally related [2]. Inability to ambulate to the bath-
room because of arthritis, for example, or ignoring the call to 
defecate because of dementia may contribute to symptoms of 
fecal impaction, constipation, and the development of a mega-
rectum [2, 7]. Constipation is probably not a normal conse-
quence of aging but is associated with and possibly caused by 
the immobility, chronic illnesses, and increased neuropsychi-
atric problems of the elderly population.

Generally, patients with constipation can be separated into 
three groups. The first are those with normal transit or func-
tional constipation. These patients complain of hard, dry 
stools that are difficult to evacuate and should be treated with 
life style manipulation: increased fiber, increased fluid, and 
exercise. The second group is patients with slow transit or 
colonic inertia. These patients have minimal to no motility of 
their colon and rarely have spontaneous bowel movements. 
Many of these patients report going for days and occasionally 
weeks without bowel function. Patients with colonic inertia 
commonly report a long history of laxative use and abuse. 
Chronic laxative use, particularly with the anthracene laxa-
tives, can cause degeneration of the myoneural chains and 
may impede motility irreversibly over time [16]. The third 
group are the patients with anorectal dysfunction or pelvic 
floor abnormalities. The pelvic floor abnormality can be iden-
tified with colonic transit marker studies, scintidefecography 
and dynamic MRI. These patients have normal transit to the 
sigmoid colon but are unable to evacuate their rectums easily 
despite having soft stool. Within this group are patients with 
rectal intussusception, pelvic organ prolapse, rectocele and 
obstructed defecation (nonrelaxing puborectalis or anismus).

Rectal intussusception results from a loss of fixation of 
the rectum from the sacrum. The rectum folds in onto itself 

and acts as a valve that prevents normal emptying. Symptoms 
vary from mild constipation with rectal pressure to severe 
constipation with rectal pain and a “plugging” sensation. 
Incomplete evacuation and discharge of mucus and blood per 
rectum are frequent complaints. Other associated disease 
entities are colitis cystica profunda, solitary rectal ulcer syn-
drome, and mucosal prolapse. Rectal intussusception may be 
identified as a component of pelvic organ prolapse. The eti-
ology of outlet obstruction is unclear, although dysfunction 
and discoordination of the pelvic floor muscles is the most 
common explanation. In patients with chronic fecal impac-
tion, the rectal capacity increases over time and rectal sensa-
tion becomes blunted. These patients cannot feel the urge to 
defecate until a fecal bolus is too large to pass. These patients 
often report the need to use digital maneuvers, suppositories, 
or enemas to evacuate to their satisfaction.

Patients with complaints of severe constipation should be 
completely evaluated. Initially, a history and physical exami-
nation are performed. A detailed medication list, including 
all over-the-counter medications, is imperative. A diet and 
defecation diary is helpful to attempt to define the extent of 
the problem. The American Gastroenterological Association 
consensus guideline recommends that most patients with 
severe constipation have a complete blood count, serum glu-
cose, calcium and creatinine, and thyroid-stimulating hor-
mone levels checked [17].

A digital rectal examination should be done to exclude 
low rectal carcinomas, anal strictures, and other anorectal 
abnormalities. Contrast studies or colonoscopy should be 
performed to rule out obstructing colonic lesions, particu-
larly if the symptoms of constipation are recent or associated 
with bleeding, mucus, or altered stool caliber. On proctosig-
moidoscopic examination, the typical patient with significant 
intussusception is found to have an erythematous anterior 
rectal wall approximately 5–8 cm from the mucocutaneous 
junction. Patients with solitary rectal ulcer syndrome fre-
quently have more severe symptoms of straining, passage of 
bloody mucus per rectum, and incomplete evacuation. On 
examination, the solitary rectal ulcer appears as a heaped-up 
lesion in the anterior midline 5–8 cm from the mucocutane-
ous junction. This lesion can often be palpated and may be 
mistaken for a rectal carcinoma. Biopsy of the lesion reveals 
cystic proliferation of fibroblasts and muscle hypertrophy in 
the lamina propria, epithelial hyperplasia, colitis cystica pro-
funda, or excess mucosal collagen [18].

Several tests are available for assessment of constipation 
and can aid in creating a strategy for management although it 
is not uncommon that patient’s complaints and concerns do 
not correlate well with colonic and anorectal physiologic 
tests. Colonic transit time is a simple radiographic test which 
helps assess the bowel motility and can identify patients with 
colonic inertia or outlet obstruction. Patients are placed on a 
high-fiber diet and taken off all laxatives and enemas for sev-
eral days prior to testing. A capsule with 24 radiopaque 

Table 68.1  Rome II criteria for defining chronic functional constipation 
in adults

Two or more of the following for at least 12 weeks in the preceding 
12 months:

Straining in more than 25% of defecations
Lumpy or hard stools in more than 25% of defecations
Sensation of incomplete evacuation in more than 25% of defecations
Sensation of anorectal obstruction or blockade in more than 25% of 

defecations
Manual maneuvers (e.g., digital evacuation, support of the pelvic 

floor) to facilitate more than 25% of defecations
Fewer than three defecations per week
Source: Reprinted from [13], with permission from MacMillan 
Publishers, Ltd
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markers is given to the patient to take orally on day 0. A plain 
radiograph is obtained on the third and fifth days. The mark-
ers are counted and their location should be noted. The pres-
ence of more than 10% of the markers on the fifth day is 
considered to be an abnormal study. It is important to ensure 
that the patient took the capsule, did not take laxatives, and 
did not have abnormal bowel function (i.e., diarrhea) during 
the study period, as these possibilities may give a false nor-
mal examination. Patients with colonic inertia have markers 
scattered diffusely throughout the colon that remain through 
the fifth day. In patients with rectal intussusception or outlet 
obstruction, the markers move through the colon and are 
held up in the rectosigmoid region. Total colonic transit times 
in healthy asymptomatic elderly subjects show no change 
with aging but are prolonged in healthy elderly subjects who 
report symptoms of constipation [19, 20].

Physical examination is limited in the complete evalua-
tion of the pelvic floor and can miss a significant number of 
rectoceles, enteroceles, sigmoidoceles, and cystoceles [21]. 
Scintidefecography may identify patients with severe rectal 
intussusception or rectal prolapse and can identify patients 
with significant rectoceles and enteroceles if vaginal con-
trast is used. This test is done by placing a thickened barium 
paste in the rectosigmoid to simulate a bowel movement. 
The patient is then placed on a commode and asked to evacu-
ate the paste while radiographs are obtained. In a normal test 
the rectosigmoid remains stable along the presacral space, 
and the puborectalis is seen to relax as the patient passes the 
contrast bolus. With an abnormal test, the rectosigmoid falls 
away from its attachments to the presacral space, and the 

proximal rectum is seen to infold (intussuscept) (Fig. 68.1). 
Internal intussusception of the rectum can block the rectal 
outlet, resulting in incomplete evacuation of the rectal con-
trast. With severe straining, the intussusception may worsen, 
and occasionally the entire rectum is seen prolapsing through 
the anorectal ring.

One of the shortcomings of defecography is the utiliza-
tion of ionizing radiation. MRI is noninvasive, does not use 
ionizing radiation, has a larger field of view, has improved 
soft tissue contrast, and has multiplanar capability. Dynamic 
MR imaging has been used to assess the complex pelvic 
anatomy and changes in these structures during attempts at 
evacuation. Older methods had long acquisition times 
(6–12 s) which did not allow for real-time evaluation. Newer 
techniques have near real-time continuous imaging and can 
be performed in less than 2 min [22, 23]. Dynamic radiologic 
examinations of the endopelvis may reveal multicompart-
mental dysfunction [24]. Segregation of the pelvic floor into 
posterior, middle and anterior compartments, however, is 
artificial because these structures are closely interrelated 
[25]. Pelvic organ prolapse can be detected and character-
ized using dynamic MR imaging but cine defecography is 
more sensitive in detecting parietal alterations [26].

Anal manometry has limited value in the workup of 
constipation in the elderly. In select cases, anal manometry, 
rectal anal inhibitory reflex, minimal sensory rectal volume, 
and balloon expulsion may identify patients with megarectum 
and patients with nonrelaxing puborectalis muscle. These tests 
require specialized manometric instruments and can be done 
utilizing a capillary perfusion system or microballoon system. 

Figure 68.1  Scintidefecogram showing progressive outlet obstruction secondary to internal intussusception (from [72], with permission from the 
McGraw-Hill Companies).
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The systems measure the pressures within the anal canal and 
test the function of the anal sphincter mechanism. Anal sensa-
tion is tested by inserting a rectal balloon just above the anal 
sphincter and insufflating increasing amounts of air until the 
patient notes sensation. Patients with megarectums require 
large amounts of distension before any sensation is noted. The 
rectoanal inhibitory reflex is absent in the setting of 
Hirschsprung’s disease and is also absent in patients with 
megarectum who require large volumes to induce the inhibi-
tory reflex. A rectal examination performed on an “unprepped” 
patient with megarectum may reveal a rectum full of stool. 
The inability to expel the rectal balloon is tested by asking the 
patient to evacuate a rectal balloon filled with 60 cc of air in 
the privacy of the bathroom. If patients have an outlet obstruc-
tion and the puborectalis muscle does not relax properly they 
have difficulty doing this simple task. The inability to relax the 
puborectalis muscle and evacuate the contrast on scintidefec-
ography helps confirm the diagnosis.

Treatment of constipation in the younger population is 
generally medical, and treatment of the elderly constipated 
patient is no different. A trial of dietary fiber and increased 
fluid intake should be initially instituted once a malignancy 
has been ruled out (Fig. 68.2). The daily recommended fiber 
intake is 20–35 g daily, even in the elderly [27]. By adding 
approximately 5 g of fiber per week until the goal is met the 
excessive gas and bloating that occurs with high-fiber diets 
can be minimized [28]. A bowel evacuation routine is often 
helpful for those patients with outlet obstruction. The patient 

is instructed to take bulk-forming agents daily and to use a 
glycerine suppository or tap water enema at the same time 
daily. To maximize the effect of the gastrocolic reflex patients 
are encouraged to perform this evacuation routine upon wak-
ening in the morning and approximately 15–20  min after 
drinking a warm beverage. Biofeedback has had some suc-
cess in the treatment of pelvic floor outlet obstruction but 
requires a motivated patient [29, 30]. Surgical intervention is 
rarely necessary for older patients with constipation. A total 
colectomy with ileorectal anastomosis has been successful in 
the treatment of severe colonic inertia if there is no element 
of outlet obstruction. This operation should be reserved for 
the younger, medically stable patient. Other patients with 
colonic inertia are probably best treated by accepting the 
need for continuous laxative use.

Treatment of patients with intussusception is primarily 
medical. Surgery should be limited to patients who are inca-
pacitated because of the pressure or who have a persistent 
solitary rectal ulcer after intensive medical therapy. Surgery 
involves low anterior resection or retrorectal sacral fixation 
of the mobile rectum. Many patients have persistent postop-
erative symptoms of constipation and difficulty emptying. 
Patients with symptoms of nonrelaxing puborectalis or 
colonic inertia must have these symptoms addressed and 
treated preoperatively to have a successful surgical result 
[31]. Patients with pelvic organ prolapse, enterocele, cysto-
cele combined with intussusception may benefit from a 
combined procedure. Women with severe symptomatic rec-

Figure 68.2  Management plan for the treatment of severe constipation. PR, puborectalis muscle (from [73], with permission of The McGraw-Hill 
Companies).
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tal intussusception and pelvic organ prolapse may benefit 
from a multidiscipline approach including urology and 
gynecology. The decision for surgical intervention for pelvic 
organ prolapse should not be determined by age alone [32].

Rectal Prolapse

The most severe rectal abnormality of the pelvic floor is rectal 
prolapse. Rectal prolapse can be partial (mucosal) or full 
(complete extrusion of the rectum through the anal canal). 
Circumferential rings are typical of a full rectal prolapse, 
whereas radial folds are more typical of mucosal prolapse or 
prolapsing hemorrhoids. Rectal prolapse is associated with 
chronic constipation and straining and is more frequent in 
elderly women and institutionalized patients who often have 
neurologic or psychiatric comorbidities [33]. In addition, since 
the prevalence of this abnormality increases with age, many 
patients have other significant medical problems [33, 34].

Rectal pressure, mucous discharge, rectal bleeding, and 
fecal incontinence are frequent symptoms of rectal prolapse. 
Once the prolapse begins to occur the patients complain 
more of fecal incontinence and rectal bleeding than they do 
of constipation [35]. Often the patient does not mention that 
the rectum extrudes through the anal canal, and it is not 
uncommon for the symptoms to be attributed to prolapsing 
hemorrhoids. Direct questioning may result in the history 
that the patient’s rectum protrudes with bowel movements 
(especially with straining) and occasionally when assuming 
an upright position. Manual replacement by the patient or 
their caretakers is common. A lax anal sphincter and pro-
lapsing rectum are usually found on physical examination. 
Incarceration or strangulation of the prolapsed rectum is a 
rare presentation but can occur if there is normal tone to the 
anal sphincter or the prolapsed rectum has become extremely 
edematous. An erythematous edematous circumferential 
region (the “leading edge”) may be seen approximately 
5–8  cm from the dentate line on proctosigmoidoscopic 
examination. Asking patients to strain to evacuate their rec-
tum may allow visualization of the prolapse by the exam-
iner. If the prolapse cannot be demonstrated in the office 
setting, defecography, or dynamic MRI may be done to 
demonstrate the redundant prolapsing rectosigmoid. A com-
plete evaluation with contrast studies or colonoscopy is nec-
essary to rule out a tumor as a lead point of the rectal 
prolapse. Occasionally a solitary rectal ulcer is seen at the 
leading edge of the prolapsing rectum and may be confused 
with a rectal tumor. Biopsy of the ulcer should give a more 
definitive diagnosis. The anal sphincter may be assessed 
using anal manometry and electromyography although the 
results typically show extremely low rest and squeeze 
efforts. Unilateral or bilateral neurogenic injury may result 

from chronic stretching of the pudendal nerve. Stretch injury 
may also be a direct result of repeated trauma to the anal 
sphincter by the prolapsing rectum. Preoperative motility 
studies with colonic transit times should be done in patients 
with complaints of severe constipation to identify a group of 
patients with colonic inertia and prolapse who may require 
more extensive resection [36].

The surgical approach to rectal prolapse is transabdomi-
nal or perineal; more than 100 operations have been cited as 
forms of treatment for rectal prolapse. Surgical therapy must 
be tailored to the individual patient. Abdominal suture rec-
topexy with or without sigmoid resection can be done in 
patients who are good surgical risks [36, 37]. Low anterior 
resection may improve the bowel habits of patients who 
complain of preoperative constipation in whom a markedly 
redundant distal colon is found [36, 38] (Fig.  68.3a). 
Complete encirclement of the rectum with a band of mesh 
(Ripstein procedure) can be modified to leave the anterior 
bowel wall free [39, 40] (Fig. 68.3b), which minimizes the 
stenosis by the foreign material and may decrease postopera-
tive fecal impaction at the level of the mesh. Resection should 
not be done in the presence of foreign material. Modifications 
using the laparoscope to perform rectopexy have been 
described [41].

The functional and recurrence rates are similar if the rec-
topexy is done laparoscopically or open, the benefit is in the 
shorter hospital stay [42, 43]. Recurrence rates after abdomi-
nal procedures are generally less than those after perineal pro-
cedures but morbidity can be higher. Abdominal procedures 
are generally reserved for patients who can tolerate general 
anesthesia. Recurrence rates do increase over time with both 
the perineal approach and abdominal approach [44, 45].

Perineal procedures (anal encirclement or proctosig-
moidectomy) can be done under regional anesthesia, mini-
mizing the anesthetic risk in the high-risk patient. Thiersch 
wire or other synthetic material may be used to encircle the 
anal canal to prevent rectal prolapse (Fig. 68.3c). The syn-
thetic material acts as an obstruction to defecation and pre-
vents the rectum from prolapsing through the anal canal. The 
anal encirclement procedures do not treat the underlying 
condition, and the symptoms of rectal intussusception persist 
in most patients. It is not uncommon for patients to require 
laxatives and enemas for fecal evacuation after anal encircle-
ment, as the synthetic material acts as an obstruction to def-
ecation. Because septic and mechanical complications are 
high, anal encirclement as a primary treatment for rectal pro-
lapse is generally reserved for moribund patients with lim-
ited life expectancy.

Perineal proctosigmoidectomy, first described in 1889 by 
Mikulicz [46], has been modified and popularized by others 
[33, 47] (Fig. 68.4). It can easily be performed under regional 
anesthesia in either prone jackknife or lithotomy position. 
The redundant rectum and portion of sigmoid colon can be 



Figure 68.3  Surgical options for the treatment of rectal prolapse (from [73], with permission of The McGraw-Hill Companies).

Figure 68.4  Perineal proctosigmoidectomy (reprinted with permission from The ASCRS textbook of colon and rectal surgery, publisher Springer 
2007, Chap. 47 Rectal prolapse, pp. 665–677).
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easily removed via the anal incision. Addition of a posterior 
levator repair described by Prasad et  al. re-creates the 
anatomic anorectal angle and may help patients gain fecal 
control postoperatively [47]. Minimal pain and little physio-
logic alteration are associated with this procedure, and most 
patients can be discharged from the hospital within 3–4 days. 
The recurrence rate of a perineal proctosigmoidectomy is 
related to the length of follow-up and ranges from 0 to 22% 
[33, 34, 47]. The morbidity is 3–12%, and mortality is less 
than 5% [33, 34, 47].

Another perineal approach, the Delorme procedure, has 
been recommended for the treatment of rectal prolapse since 
the morbidity and mortality is relatively low [48]. This pro-
cedure is not a full thickness rectal resection but rather the 
redundant rectal mucosa is stripped circumferentially. The 
remaining, redundant outer rectal wall is then plicated with a 
series of circumferential sutures which then allows the 
mucosal edges to be reapproximated. It has not been used as 
widely for the treatment of full rectal prolapse because of 
concerns for recurrence [49]. A recent study found that the 
Delorme procedure could be done with minimal morbidity, a 
short hospital stay and a recurrence rate of 14.5%. The mean 
time to recurrence was 31 months. They found that the recur-
rence rate was relatively low in patients under 50 (8%) and 
felt that this procedure could be offered to younger patients 
as well [35].

Stercoral Ulceration

Ischemic pressure necrosis by a large fecal mass causing 
fecal peritonitis is a rare cause of free perforation of the 
colon. Mortality can be as high as 35% in patients presenting 
with perforation [50]. Although considered a disease of the 
elderly, the average age of patients presenting with stercoral 
ulceration is in the fifties. Associated medical diseases occur 
in about one-third of patients, and almost all patients com-
plain of chronic constipation requiring laxatives. The sig-
moid and rectosigmoid are the most common sites of 
perforation, which almost always occurs along the antimes-
enteric border [50]. The symptoms of abdominal pain and 
peritonitis start acutely and the clinical picture is usually one 
of sepsis. If there is a free perforation, an upright chest radio-
graph will show free air under the diaphragm. A CT scan, if 
done before free perforation, may show focal colonic wall 
thickening and mild pericolonic fat stranding indicating a 
localized process. Small air bubbles in the vicinity of a large 
fecal bolus indicate wall compromise and perforation [51]. 
The actual diagnosis is rarely made preoperatively. At explo-
ration, the bowel wall adjacent to the perforation is usually 
thin and rarely inflamed, in contrast to the colonic findings of 
diverticulitis. Irrigation of the abdominal cavity and distal 

rectal stump help to decrease the fecal load. Several surgical 
procedures are recommended for treatment in the literature. 
Resection with end colostomy, with a mucous fistula or 
Hartmann’s procedure has the lowest operative mortality rate 
(23%). A proximal colostomy with closure of the perforation 
is rarely done and carries a mortality of approximately 44%. 
Proximal loop colostomies and exteriorization of the perfo-
ration have the highest mortality rate (71%) [52]. Since this 
is an uncommon diagnosis and there are limited reports in 
the literature, morbidity and mortality rates may only reflect 
the small numbers of very ill patients with this diagnosis.

Volvulus

Colonic volvulus occurs when an air-filled segment of colon 
twists about its elongated mesentery. In the USA, colonic vol-
vulus is a rare cause of intestinal obstruction and accounts for 
approximately 3% of colonic obstructions [53]. In parts of 
Iran and Russia, colonic volvulus is one of the predominant 
causes of intestinal obstruction. The high incidence of sig-
moid volvulus in other parts of the world has been attributed 
to the high-fiber diets of those regions. Chagas’ disease, which 
causes megacolon, may play a role in the development of sig-
moid volvulus, particularly in countries where the disease is 
common [54]. In North America, the incidence increases over 
the age of 50. The disease is associated with chronic constipa-
tion, laxative use, psychiatric illness, and institutionalization 
[53]. A dilated, redundant colon with a narrow mesocolon is 
a prerequisite for a volvulus to occur, and therefore the intra-
abdominal portions of colon are at risk. Colonic volvulus 
most commonly occurs in the sigmoid colon; cecal volvulus 
and volvulus of the transverse colon occur less frequently 
(<10%) and are generally seen in young patients.

Patients with sigmoid volvulus usually present with 
abdominal distension, obstipation, and pain. Peritoneal irrita-
tion on physical examination, fever, or an elevated white blood 
cell count indicates ischemic or gangrenous bowel. Plain 
abdominal radiographs may show an inverted, U-shaped, air-
filled bowel loop (“bent inner tube”), with a dense line run-
ning toward the point of torsion. This radiologic finding is 
highly suggestive of a sigmoid volvulus. If peritonitis is not 
present, sigmoidoscopy should be performed to the point of 
obstruction. The volvulus can often be reduced by inserting a 
soft rectal tube past the point of obstruction. A release of gas 
and liquid stool follows successful detorsion. The rectal tube 
should be left in place for several days to assist with further 
decompression. The success rate with this technique is good, 
and reduction of the volvulus can be expected with approxi-
mately 75% of attempts. The colonoscope may be used to 
attempt reduction, but its use should be limited to patients in 
whom a rigid proctoscope has been unsuccessful in reaching 
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the point of torsion. Contrast enemas may be necessary when 
plain radiographs are not diagnostic for volvulus but suggest a 
colonic obstruction. The column of contrast tapers at the point 
of torsion (“bird’s beak” deformity) (Fig. 68.5). Occasionally, 
reduction occurs with contrast enemas, but detorsion occurs in 
fewer than 10% of attempts [55]. Evidence of mucosal isch-
emia, bloody discharge, or unsuccessful detorsion indicates 
strangulation and possibly gangrene. If the patient has signs of 
peritoneal irritation or if gangrene is suspected, contrast stud-
ies and tube decompression should not be attempted and the 
patient should undergo emergency exploration.

Nonoperative reduction is successful in approximately 
90% of patients but does not constitute adequate treatment in 
good risk patients [56]. Recurrence rates following nonop-
erative reduction range from 20 to 60% but can be as high as 
90% [56, 57]. Once the volvulus is reduced, medically stable 
patients should undergo mechanical bowel preparation and 
elective resection. The choice of operation depends on the 
adequacy of the bowel preparation and the viability of the 
colon. A sigmoid resection with primary anastomosis can be 
done after bowel preparation and if the colon shows no signs 
of ischemia. The presence of ischemic or gangrenous bowel 
is an indication for resection and colostomy.

Mortality is related to the presence of gangrenous bowel 
and to delay in decompressing the ischemic bowel. The oper-
ative mortality following elective resection of a primary 
volvulus is approximately 6 vs. 21% for recurrent volvulus 
[56]. Some investigators have found high mortality rates 
associated with elective resection and recommend elective 
resection only in good risk, young patients [58]. Patients 
who require emergency operation for sigmoid volvulus have 
a mortality rate of more than 30% [56].

Cecal and transverse colonic volvuluses are less common 
than sigmoid volvulus. Anomalous fixation of the cecum 
may be an important reason why cecal volvulus occurs in a 
young age group [59]. Other predisposing factors, such as 
prior abdominal surgery, pregnancy, and distal obstruction, 
have been implicated as causes of cecal volvulus. Ninety 
percent of patients with cecal volvulus have a full axial vol-
vulus twisting the associated mesentery and blood vessels 
[53]. In the remaining patients, the cecum folds in an ante-
rior cephalad direction (cecal bascule). Although a bascule 
is not a true volvulus around the mesentery, gangrene can 
result from tension on the bowel wall. Patients with cecal 
volvulus clinically appear to have a small bowel obstruc-
tion. Abdominal pain, nausea, vomiting, and obstipation are 
common symptoms. Many patients give a history of chronic 
intermittent symptoms of partial bowel obstruction [53]. 
Plain abdominal radiographs show the cecum as an air-
filled, kidney-shaped structure pointing to the left upper 
quadrant. Multiple air-fluid levels are suggestive of a distal 
small bowel obstruction. Contrast enemas may show the 
“bird’s beak” tapered edge of the contrast pointing toward 
the site of torsion (Fig. 68.6). Contrast studies are useful in 
difficult cases but should not be performed routinely if the 
diagnosis of cecal volvulus is clear. Contrast studies and 
colonoscopy have rarely been successful in reducing a cecal 
or transverse volvulus.

Once a cecal volvulus is diagnosed operative intervention 
should be undertaken. Operative detorsion alone has high 
recurrence and mortality rates and should not be performed 
as the sole procedure. Cecopexy, cecostomy, and resection 
have variable rates of recurrence and morbidity. The highest 
rates of postoperative complications, mortality, and recur-
rence are seen with cecostomy [60]. Cecostomy or appendi-
costomy allows decompression of the distended bowel and 
fixation of the cecum. Although the recurrence rate is similar 
to that for cecopexy, the intra-abdominal and wound compli-
cations are more than 25% [60]. Cecopexy is done by anchor-
ing the right colon to the parietal peritoneum by direct suture 
or by making a peritoneal flap. This technique eliminates the 
cecal hypermobility but is technically challenging to per-
form if the cecum is dilated and thin-walled. The recurrence 
rate after cecopexy is variable, with some series reporting 
recurrence as high as 28% [61]. Patients who are medically 
stable should undergo a right hemicolectomy with primary 

Figure  68.5  Hypaque enema showing sigmoid volvulus. Note the 
“bird’s beak” deformity (arrow) (from [73], with permission of The 
McGraw-Hill Companies).
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anastomosis if there is no evidence of gangrenous bowel. 
Resection, ileostomy, and mucous fistula are indicated if 
there is evidence of ischemia or gangrene. Mortality is 
increased in the presence of gangrenous bowel and is higher 
with cecal volvulus than with sigmoid volvulus (33 vs. 7%). 
This increased mortality rate with cecal volvulus is due to 
the increased presence of gangrenous bowel seen with cecal 
volvulus (21% vs. 7%) [53].

Fecal Incontinence

Fecal incontinence is a disabling problem in the elderly and 
in institutionalized patients [62]. A community-based preva-
lence study estimated that fecal incontinence affects 2.2% of 
the general population although the incidence and prevalence 
is probably underestimated [63]. More than 60% of patients 
who complain of fecal incontinence are women [63]. In com-
munity-based women older than 60 it is estimated that the 
prevalence varies from 12 to 33% depending on the defini-
tion used [64].

Incontinence may be neurogenic, mechanical, mixed, or 
secondary to other medical conditions. Anal sphincter inju-
ries are the leading cause of mechanical incontinence and are 
most commonly the result of a midline episiotomy. Fecal 
incontinence may not occur immediately after the injury but 
rather the presentation may be delayed for years. The major-
ity of women with late onset fecal incontinence have an 
anatomic sphincter defect [65]. Neurogenic incontinence 
may be due to central or peripheral denervation of the 

puborectalis muscle or external anal sphincter. Rectal 
prolapse or descending perineum syndrome may denervate 
the sphincter by a stretch injury to the pudendal nerve. Injury 
to the sphincter mechanism, traumatic or surgical, may lead 
to fecal incontinence immediately after the injury or during 
the ensuing years. Decreased anorectal sensation caused by 
radiotherapy or diabetes mellitus may lead to incontinence as 
well. Certain physiologic factors have been shown to occur 
with aging: decreased rectal tone and weakening of the anal 
sphincter mechanism [66, 68]. The anal sphincter may 
decrease in strength secondary to loss of muscle mass or 
neuropathy. These differences are more pronounced in 
elderly women. It may be due to weakening of connective 
tissues, possibly from decreased estrogen secretion. Physical 
limitations and poor general health are other predisposing 
factors that contribute to fecal incontinence [62, 63]. A com-
mon cause of fecal incontinence in the elderly, however, is 
fecal impaction with overflow incontinence [63]. Systemic 
diseases such as scleroderma, polymyositis, multiple sclero-
sis, and diabetes melitis can be associated with fecal inconti-
nence. Colorectal carcinoma, colonic ischemia, and 
inflammatory bowel disease may cause symptoms of fecal 
urgency, and incontinence may be a result of the patient’s 
inability to respond quickly.

On initial evaluation, constipation with overflow inconti-
nence must be ruled out by history and digital rectal examina-
tion. A complete colonic evaluation with colonoscopy or 
contrast enema should be done especially if the symptoms of 
fecal incontinence have a short history. The anal physiology 
laboratory can objectively evaluate the anal sphincter mecha-
nism to determine the cause of fecal incontinence and direct 

Figure 68.6  (a) Cecal volvulus, plain radiograph, CE cecum. (b) Barium enema. Arrow indicates the point of obstruction, CE cecum.
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treatment. Anal manometry, electromyography, and transrec-
tal ultrasonography can help differentiate neurogenic from 
mechanical injury to the anal sphincter. Anal manometry 
assesses the rest and squeeze pressures generated by the anal 
sphincter. The sphincter length can be determined, and some 
systems can identify the specific quadrant involved in a 
sphincter defect. The minimal sensory rectal volume is useful 
for identifying patients with megarectum who do not sense 
the presence of a large bolus of fecal material in their rectum. 
Electromyography is used to evaluate the pudendal nerve 

terminal motor latency. The pudendal nerve innervates the 
external anal sphincter and the puborectalis muscle. Both 
muscles are involved in maintaining fecal continence; and 
denervation of these muscles, represented by prolonged 
pudendal nerve terminal motor latency, may cause neurogenic 
incontinence. Transrectal endoluminal ultrasonography has 
replaced needle electromyography as the preferred method 
for evaluating the anal sphincter for defects. Using this modal-
ity, the puborectalis muscle and the external and internal anal 
sphincters can be thoroughly evaluated for defects.

Case Study

Rectal Prolapse

An 86-year-old woman with a several year history of 
hemorrhoidal complaints presents with increased rectal 
bleeding, mucous discharge, and fecal incontinence. She 
has a long history of constipation and currently takes 
MiraLax and Milk of Magnesia. She complains of pro-
lapsing rectal tissue which occurs daily with defecation. 
The problem has been ongoing for several years and the 
rectum is becoming harder to reduce. She uses a pessary 
for a cystocele and has urinary incontinence. Her past 
medical history is significant for an irregular heartbeat 
and coronary artery disease. Her past surgical history is 
significant for a total abdominal hysterectomy and bilat-
eral salpingo-oophorectomy done years prior. She is 
gravida 3, para 3. Her current medications include 
Verapamil, Synthroid, and Digoxin.

On physical exam, she is an alert, elderly woman. 
Abdominal exam is benign. There is a well-healed 
Pfannenstiel incision. On digital rectal examination, she 
has lax anal tone, diminished squeeze efforts, and a nor-
mal proctosigmoidoscopic examination. There is hard 
stool in her rectal vault and full rectal prolapse upon 
straining on the toilet.

Workup

Anal physiology (including anal manometry, EMG, and 
transrectal ultrasound) is not needed for evaluation of 
fecal incontinence in this patient. The full rectal prolapse 
dilates the anal canal stretching the anal sphincters. The 
rectal tone is often diminished in patients with longstand-
ing prolapse and is a cause of fecal incontinence.

Defecography is not needed in this patient since the 
full rectal prolapse is visible on examination. If the rectal 
prolapse is not reproduced by having the patient strain on 
the toilet, then defecography or dynamic MRI would be 
indicated to assess for full rectal prolapse. These tests 
can also evaluate for enteroceles and vaginal prolapse.

Colonic transit time may be indicated in this patient if 
she had significant symptoms of constipation. If her 
complaints were that she had no bowel movements with-
out the use of laxatives or if she had bowel movements 
every 5–7 days, a colonic transit time would be indicated 
to assess for colonic inertia.

Medical evaluation is done to determine whether the 
patient can withstand general anesthesia. If the patient is 
too frail or general anesthesia is medically contraindi-
cated, then spinal anesthesia and a perineal approach is 
the preferred approach.

If the patient is extremely frail and medical conditions 
preclude anesthesia, it is possible to place a Thiersch 
wire under local anesthesia. However, the performance 
of a Thiersch wire causes obstruction at the outlet and the 
patients will need to have continued evacuations. This 
procedure is not recommended for patients whose life 
expectancy exceeds 6 months.

If the patient is in poor health and cannot undergo 
general anesthesia, then a perineal proctectomy would be 
the operation of choice.

If the patient is in good health with no constipation 
but elderly and frail, a perineal proctectomy would be a 
good choice.

If the patient has significant constipation and is in 
good health, then a resection rectopexy would be the 
operation of choice.

If the patient is in good health with no complaints of 
constipation but a urogyn procedure is necessary, then a 
sutured rectopexy can be done in conjunction with a 
sacral colpopexy or other urogynecologic treatment.
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Initial treatment may be as simple as dietary alteration 
(avoidance of milk products and food with high fat content) 
and a bowel evacuation regimen (bulk-forming agents and 
glycerine suppositories) [68]. Biofeedback has had some suc-
cess in patients but requires the understanding and coopera-
tion of the patient [69]. Combined pharmacologic and physical 
therapy may be more beneficial when combined in appropri-
ate patients [70]. Anterior sphincter reconstructions with direct 
muscle repair has had success in the elderly population [71]. 
Older women undergoing pelvic floor surgery can expect sim-
ilar results and outcomes as younger patients [32]. A diverting 
colostomy is rarely necessary for control of the fecal stream in 
the elderly population. If the rectum is severely damaged by 
radiation injury, a diverting colostomy is probably the best 
treatment option for severely incontinent patients.
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Colorectal cancer, like many neoplasms, is primarily a 
disease of aging. The incidence of both colorectal carcinoma 
and its precursor lesions increases progressively with age. 
Although there is no evidence that the biologic aggressive-
ness of colorectal cancer increases with age, delays in 
diagnosis contribute to the presence of relatively advanced 
disease at presentation, and therefore a poorer prognosis, in 
the elderly [1]. These delays in diagnosis may also result 
in the development of complications of colorectal cancer, 
requiring emergent surgery, with its higher morbidity and 
mortality rates. Although recently reported series document 

excellent results for some elderly patients undergoing elective 
operations for colorectal cancer, many elderly patients are 
more likely to have comorbid conditions and fare poorly 
with treatment. Elderly patients, thus, represent a heteroge-
neous group of patients with issues of comorbidity, vulnera-
bility, and life expectancy that can pose unique challenges in 
the treatment of their colorectal cancer [1–3].

In this chapter, the epidemiology, pathology, diagnosis, 
and therapy of colorectal neoplasms are reviewed, with an 
emphasis on elderly patients. A common scenario involving 
an elderly patient with colorectal cancer would be as follows.
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Clinical Vignette

An 82-year-old man with a history of CAD complicated 
by congestive heart failure with an ejection fraction of 
35% and who has smoked 1 pack of cigarettes a day for 
60 years presents to his physician with 6 months of 
increasing rectal bleeding. Colonoscopy reveals only a 
3 × 2  cm posterior tumor 8  cm proximal to his dentate 
line. Biopsies reveal a moderately differentiated adenocar-
cinoma. Endoanal magnetic resonance imaging (MRI) 
scan stages the lesion as T2N0. Abdominal and chest CT 

scans do not reveal any evidence of metastatic spread to 
the liver, lungs, or bones.

How would this patient be best treated? Decisions, as 
detailed in the following chapter, relate to the goals of 
treatment-curative intent versus palliative and the poten-
tial methods used to try and achieve these goals. The 
invasiveness of potential treatments and their likelihood 
of producing a lasting effect together with the patients’ 
comorbidities and resulting ability to tolerate treatment 
along with their life expectancy all need to be carefully 
considered before a treatment plan is made.

Epidemiology

Colorectal cancer remains the third most frequently diag-
nosed cancer and the second leading cause of cancer-related 
mortality in the USA, where it accounts for about 8–9% of 
cancer-related deaths. Altogether, 148,810 new cases and 
49,960 deaths due to colorectal cancer were estimated to have 
been diagnosed in the USA in 2008 [4]. Its incidence  

progressively increases in populations with advancing age, 
consistent with the hypothesis that colorectal cancer arises as 
the result of multiple genetic mutations accumulated in patients 
over time. The median age at which patients in the USA diag-
nosed with colorectal cancer is 71 years. The overall 
incidence of colorectal cancer in the USA is approximately 
50 per 100,000. In individuals under the age of 65, the 
incidence is 18 per 100,000 compared with 273 per 100,000 
for those over 65 years. The 5-year survival rate for men and 
women over 75 is 59.7% compared with 66% for individuals 
under 65. The cumulative lifetime risk of developing colorectal 
cancer is approximately 5%, with the lifetime risk of dying 
from colorectal cancer remaining less than 0.1% [5].
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Adenomatous polyps of the colon and rectum, which have 
the potential to undergo transformation into cancers, are 
found in approximately 40% of people by the age of 60 years, 
and their prevalence increases with advancing age. The prev-
alence of large (>1 cm in diameter) polyps, which have the 
greatest probability of harboring cancer, also appears to be 
related to age. In one series, such large polyps were found in 
4.6% of patients of age more than 54 years and in 15.6% of 
patients of age more than 75 years [3]. This may be related to 
the fact that for adenomas >1  cm in diameter the risk of 
progression to cancer is 1% per year [6].

Not only are the elderly at greater risk of developing 
colorectal cancer, but they are also likely to have more 
advanced disease at the time of diagnosis. In one report, 
patients over 75 years of age were twice as likely to present 
with advanced, untreatable colorectal cancer as those under 
65 years of age [7]. The relative contributions of physician 
bias, limited access to health care, poor social support, and 
impaired cognition to this observation are not clear. Comorbid 
conditions play a significant role in survival for elderly 
patients with colorectal cancer. A recent review article out-
lined the fact that for individuals over 67 years with stage III 
disease at the time of diagnosis, the life expectancy could 
range from approximately 8.5–7 to 4.5 years with zero, one 
to two, and three or more comorbidities, respectively. 
Interestingly, patients still fared better with adjuvant therapy 
versus none regardless of the degree of comorbidity [8].

Risk Factors

Epidemiologic studies have suggested that an increase in the 
consumption of dietary fiber, fruits, and cruciferous vegeta-
bles as well as a reduction in the consumption of fat is asso-
ciated with a decrease in mortality from colorectal cancer. 
However, the efficacy of modifications in diet in preventing 
colorectal cancer has not yet been demonstrated in prospec-
tive trials. Similarly there have been several studies investi-
gating the chemopreventative effects of NSAIDs, aspirin, 
calcium, and folate. Unfortunately there is little compelling 
data to support such claims as independent preventative 
measures for colorectal cancer, Again, the efficacy of modi-
fying these risk factors in colorectal cancer prevention 
remains to be shown [9, 10].

In addition to older age, factors clearly associated with an 
increased incidence of colorectal cancer include a history of 
colorectal cancer, either in oneself or in one’s relatives. Patients 
with colorectal cancer are more likely to develop a subsequent 
(metachronous) lesion than is the general population to 
develop primary cancer. Patients who have a first-degree rela-
tive with colorectal cancer, but not one of the specific genetic 
syndromes discussed below, have approximately twice the 
probability of developing colorectal cancer as those without 

such a family history. This probability is higher if more than 
one first-degree relative is affected or if the age at diagnosis of 
the relative’s cancer is less than 55 years. A similar increase in 
risk is found for patients with a first-degree relative found to 
have an adenomatous polyp prior to the age of 60 [6].

In the USA, approximately 25% of cases of colorectal 
cancer occur in individuals with a family history of the dis-
ease or an underlying condition specifically associated with 
the development of colorectal cancer. Patients who have first-
degree relatives with colorectal cancer, but not any of the 
defined genetic syndromes, account for most of these cases 
(15–20%). Hereditary nonpolyposis colon cancer (HNPCC) 
accounts for 4–7% of cases, and familial adenomatous poly-
posis (FAP) accounts for 1%. An additional 1% of cases are 
accounted for by a combination of patients with inflammatory 
bowel disease, Peutz–Jeghers syndrome, and familial juve-
nile polyposis. Keeping in mind that the majority of patients 
who develop colorectal cancer will not have an identifiable 
risk factor, screening remains an important part of minimiz-
ing the incidence of this disease [11]. The main relevance of 
potential inherited risk and familial syndromes for elderly 
patients is to mainly to inform younger family members of 
their diagnosis should changes in screening recommenda-
tions be appropriate for those younger family members.

Pathology

Polyps

Polyps are mucosal masses in the colon and rectum. There are 
several histologically distinct types of polyps of varying clin-
ical significance, including adenomatous polyps (which are 
premalignant and represent 50–66% of all colorectal polyps), 
hyperplastic polyps (which have no malignant potential and 
represent 10–30% of all polyps), mucosal tags (which are of 
no clinical significance and represent 10–30% of polyps), and 
a variety of more unusual other histologic types, such as lipomas 
and hamartomas. Polyps in which the bulk of the lesion 
projects into the bowel lumen and is tethered to the mucosal 
surface through a narrow stalk of submucosa surrounded by 
mucosa are characterized as pedunculated. Polyps that are flat 
and have a broad base are characterized as sessile.

Adenomatous polyps can be found throughout the colon 
and rectum, with approximately 30% occurring proximal to 
the splenic flexure. With advancing age, a larger percentage 
of adenomatous polyps are found in the proximal colon. 
Histologically, adenomatous polyps are subclassified as 
tubular, tubulovillous, and villous. Tubular and tubulovillous 
adenomas tend to be pedunculated, whereas villous ade-
nomas tend to be sessile. The potential for malignant trans-
formation is least for tubular adenomas and highest for 
villous adenomas.
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The size of an adenomatous polyp is directly related to the 
probability that it is harboring high-grade dysplasia, which is 
likely to be the direct precursor of preinvasive carcinoma, 
and that the patient will develop other adenomatous polyps 
and colorectal cancer. In one report, 1.1% of adenomatous 
polyps <5 mm in diameter, 4.6% of those 5–9 mm in diameter, 
and 20.6% of those ³1  cm exhibited high-grade dysplasia 
[12]. Fewer than 1% of adenomatous, polyps <1  cm in 
diameter harbor invasive carcinoma, whereas more than 10% 
of larger adenomatous polyps do so.

Colorectal Cancer

Approximately 95% of all colorectal cancers are adenocarci-
nomas. Macroscopically, the lesions can have a polypoid, 
infiltrative, or ulcerated appearance. Histologically, they are 
characterized as being well differentiated, moderately differ-
entiated, or poorly differentiated. Lesions that have an infil-
trative or ulcerated appearance and are less well differentiated 
are associated with poorer prognosis. Cancers associated 
with increased production of mucin are typically character-
ized by the presence of signet ring cells. The prognostic 
implication of these signet ring cells is not well-defined.

Extension of colorectal cancers occurs through three 
routes: (1) via the bloodstream to distant sites, particularly 
the liver; (2) via the lymphatics to regional lymph nodes and 
ultimately the systemic circulation; and (3) by direct exten-
sion into adjacent organs, such as the posterior vaginal wall, 
uterus, prostate, bladder, small intestine, stomach, and retro-
peritoneal structures.

The anatomic distribution of cancers is as follows: 
ascending colon 18%, transverse colon 9%, descending 
colon 5%, sigmoid colon 25%, and rectum 43%. Cancers 
are currently found with greater frequency in the proximal 
colon than they were earlier during the twentieth century. It 
is unknown whether the advent of colonoscopy (and its ability 
to detect more proximally located cancers) or a change in the 
biologic behavior of colorectal cancer explains this shift.

Pathogenesis

Most colorectal cancers presumably arise via transformation 
of preexisting adenomatous polyps. Several lines of circum-
stantial evidence support this assertion: (1) cancers and ade-
nomatous polyps occur with the same anatomic distribution; 
(2) cancers rarely arise in the absence of adenomatous pol-
yps; (3) the average age of onset of adenomatous polyps pre-
cedes that of cancer by several years; (4) patients found to 
have large polyps are at increased risk for subsequently 
developing cancer, with most of these cancers arising at sites 
where these polyps are left in place; (5) patients with FAP are 
at markedly increased risk of developing cancer; and (6) the 

detection and removal of adenomatous polyps reduces the 
incidence of colorectal cancer.

The strongest evidence for the clinical relevance of the 
concept that most cancers arise from precursor adenomatous 
polyps is derived from the National Polyp Study. A group of 
1,418 patients was followed for an average of 5.9 years after 
the removal of all identifiable colonic polyps. Only five sub-
sequent malignant polyps (all being Dukes’ stage A lesions) 
were found, and no deaths from colorectal cancer occurred 
during 8,401 person-years of follow-up [13]. The incidence 
of malignant transformation of adenomatous polyps has been 
estimated to be 2.5 polyps per 1,000 per year. The mean time 
required for an individual polyp to undergo such transforma-
tion has been estimated to be 10 years [14].

The transformation of an adenomatous polyp to invasive 
cancer (and that of normal mucosa to adenomatous polyp) is 
associated with an accumulation of acquired genetic mutations. 
This model of tumorigenesis, proposed by Fearon and 
Vogelstein, is shown in Fig. 69.1. Genetic changes include 
mutational activation of dominantly acting cellular oncogenes 
and mutational inactivation of recessive tumor-suppressor 
genes. Protooncogenes are present in normal cells; their 
protein products tend to be positive regulators of cell growth. 
When these genes undergo mutation, they can become 
oncogenes, whose protein products are produced in exces-
sive quantities or act in an unregulated manner, thereby 
promoting tumor formation. The protein products of tumor-
suppressor genes, on the other hand, tend to suppress cell 
growth, and their loss may promote tumor development.

Mutations characteristic of colorectal cancer have begun 
to be identified. Approximately 50% of colorectal cancers 
and adenomatous polyps >1 cm in diameter have been found 
to harbor mutations in the ras oncogene [15–17], whereas 
fewer than 10% of adenomas <1 cm in diameter are associated 

Figure 69.1  Genetic model for colorectal tumorigenesis as proposed 
by Fearon and Vogelstein (from Vogelstein et al. [15], © Massachusetts 
Medical Society, with permission).
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with such mutations. The highly conserved ras protooncogenes 
(N-ras, H-ras, and K-ras) encode for the production of 
signal transduction G-proteins (guanosine triphosphate-
binding proteins). Mutations in the ras gene result in the 
production of an abnormal G-protein that is associated with 
unregulated cell growth. In vitro and animal studies have 
suggested that mutations in the ras gene may also inhibit 
programmed cell death (apoptosis).

The development of colorectal cancer is also associated 
with the deletion of chromosomal fragments. This phenom-
enon is also known as allelic loss or loss of heterozygosity. 
This process primarily affects chromosomes 17 and 18 and 
to a lesser degree chromosome 5. The DNA lost in such 
deletions may contain tumor-suppressor genes. One such gene 
whose loss is associated with FAP has been localized to 
chromosome 5q and is known as the adenomatous polyposis 
coli (APC) gene. The APC gene is thought to be a tumor-
suppressor gene, although the function of its protein product 
is not yet known. Therefore, allelic loss of APC may promote 
neoplastic transformation. Allelic loss of chromosome 5q is 
present in approximately 20–50% of sporadic colorectal 
carcinomas and 30% of sporadic adenomatous polyps.

The loss of chromosome 17p, which contains the p53 
tumor-suppressor gene, is seen in 75% of sporadic colorectal 
cancers but rarely in adenomas of any size. Therefore, loss of 
chromosome 17p may be particularly associated with the 
progression of an adenoma to cancer. The allelic loss of 
chromosome 17p is also seen in a wide range of cancers, 
including those of the brain, breast, lung, and bladder. 
Evidence has indicated that reconstitution of wild-type p53 
expression in human and murine cell lines inhibits growth 
through induction of cell cycle arrest, apoptosis, or both.

Approximately 70% of colorectal cancers and 50% of 
large adenomatous polyps are associated with allelic deletions 
of chromosome 18q. DCC (deleted in colorectal carcinoma) 
is a candidate tumor-suppressor gene that has been mapped 
to chromosome 18q. The protein product of the DCC gene 
has significant homology to the neural cell adhesion molecule 
(N-CAM). It has been speculated that deletion of the DCC 
gene may modify cell–cell or cell–basement membrane 
interactions (or both), which are important for regulating cell 
growth and differentiation.

Several germ-line mutations (MLH1, MSH2, PMS1, PMS2) 
on chromosomes 2, 3, and 7 have been identified in patients 
with HNPCC. These genes are human homologues of the bac-
terial mutHLS complex, which is involved in genetic proof-
reading (the repair of mismatched basepairs in DNA). Loss 
of this function is thought to allow basepair mismatches to 
accumulate, resulting in a replication-error phenotype, which 
is seen in a high percentage of patients with HNPCC and 
approximately 15% of those with sporadic colorectal cancer.

It is likely that specific mutations, for sporadic and familial 
forms of colorectal cancer, will be identified at an increasingly 

rapid pace in the years to come. Tailoring therapies to specific 
mutations is becoming a reality in the treatment of colorectal 
cancer [18]. Furthermore, as the functions of the protein 
products of these abnormal genes are characterized, genetic 
interventions may become a reality.

Staging

A variety of pathologic staging systems have been used. 
Dukes, a pathologist, in 1932 proposed a staging system for 
rectal cancer based on the depth of invasion of the bowel 
wall by the primary tumor. The TNM, however, recom-
mended by the American Joint Committee on Cancer is the 
most widely used system. With the TNM system, staging is 
based on the depth of invasion of the primary tumor (T), 
status of regional lymph nodes (N), and the presence of distant 
metastasis (M). The advantage of the TNM staging system 
is its applicability to both presurgical clinical-diagnostic staging 
and postsurgical resection-pathologic staging [19].

Screening

The terms screening, diagnosis, and surveillance have distinct 
clinical definitions. Screening identifies those patients who 
are at risk for having colorectal cancer or adenomatous 
polyps from among the population who are without signs or 
symptoms of the disease. Diagnosis classifies patients who, 
because of a positive screening test or symptoms, are 
suspected of having colorectal cancer or adenomatous 
polyps into those with and without the disease. Surveillance 
monitors patients with previously diagnosed colorectal disease 
(polyps, colorectal cancer, or inflammatory bowel disease, for 
example) for the development of adenomatous polyps or 
colorectal cancer.

Screening for a disease is justified when the following 
four criteria are met: (1) the disease is common and associated 
with serious morbidity and/or mortality; (2) screening tests 
are accurate for detecting early stage disease; (3) treatment 
after detection by screening improves prognosis relative to 
the treatment after diagnosis in the absence of screening; and 
(4) potential benefits outweigh the potential harms and costs 
of screening. Several screening modalities for colorectal 
cancer fulfill all of these criteria [14].

Screening for colorectal cancer has clearly been demon-
strated to have efficacy in reducing cancer-related mortality. 
There has been controversy, however, related to which 
screening and surveillance methods are optimal, how frequently 
the tests should be done, who should undergo testing, and the 
cost-effectiveness of the various strategies. In addition, only 
a small number of the elderly population undergo screening 
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of any kind for colorectal cancer. The Behavioral Risk Factor 
Surveillance System (BRFSS), a telephone-based survey 
designed to monitor utilization of preventative services, has 
indicated that from 1991 to 2004 consistently less than 60% 
of individuals over 50 years of age have utilized colorectal 
screening modalities according to recommended guidelines. 
The 2004 BRFSS data indicated that only 57% of older 
individuals had either an FOBT within the prior year or 
sigmoidoscopy/colonoscopy within the last 10 years. The same 
study indicated that socioeconomic factors and consistent 
health care (insurance and services) were key predictors of 
compliance with screening recommendations [20]. Education 
(for both patients and physicians) and investigation related 
to screening would likely have a major impact on the overall 
management of colorectal cancer. In this section, the termi-
nology related to screening is defined, tests and strategies 
used for screening are discussed, and recommendations are 
outlined.

Fecal Occult Blood Testing

The rationale for using FOBT to screen for colorectal cancer 
is based on the observation that colonic neoplasms have a 
greater tendency to bleed than does normal mucosa. This 
propensity increases with polyp size and cancer stage, 
although the bleeding is usually intermittent and unevenly 
distributed in the stool.

The most widely used test to detect fecal occult blood is 
the guaiac-based assay for peroxidase activity. Hemoglobin, 
which has pseudoperoxidase activity, in blood yields a posi-
tive test result. This test has considerable limitations. The 
test is not specific for cancer, as nonneoplastic processes 
such as gum disease, gastritis, peptic ulcer disease, and 
hemorrhoids can also cause gastrointestinal hemorrhage. 
The test is also not specific for blood, as other substances 
with peroxidase or pseudoperoxidase activity such as red 
meat, bacteria, and some fruits and vegetables can cause 
false-positive reactions. False-negative tests may result if the 
cancer did not bleed when the sampled stool was being 
formed or if the quantity of bleeding is below the limits of 
test detection. The antioxidant activity of vitamin C can 
interfere with the test reaction, causing a false-negative 
result. Iron supplements do not interfere with the reaction; 
but by making the stool dark they interfere with the interpre-
tation of test results. The patient should therefore observe a 
diet restricted from these confounding substances for 2 days 
prior to stool sampling.

The sensitivity of FOBT is increased with the number of 
samples per stool and the number of stools sampled. 
Therefore, it is recommended that patients provide several 
specimens from several consecutive stools and that each 

stool be sampled at two sites. A single specimen obtained by 
digital rectal examination has questionable value and should 
not be considered adequate when screening for colorectal 
cancer. Typically, several days elapse between stool collection 
and testing it for blood. The sensitivity of a guaiac-based test 
is increased if the test slide is rehydrated with a few drops of 
water before performing the test. The best available evidence 
that FOBT is effective in preventing death caused by colorectal 
cancer is from a study with rehydrated tests on two samples 
from each of three consecutive stools in patients who followed 
a restricted diet prior to testing [21].

In a program of repeated screening (rather than a single 
test), the nonhydrated form of FOBT has a reported sensitivity 
for detecting cancer that ranges from 72 to 78%, a specificity 
of 98%, and a positive predictive value of 10–17%. 
Rehydrating the slides increases the sensitivity to 88–92% 
but decreases the specificity to 90–92%, and the positive 
predictive value to 2–6% [14, 22].

The FOBT for detecting colon cancer has been reported to 
be of lower specificity for patients over 60 years of age than 
for younger patients. This observation may be related to a 
higher prevalence of other etiologies for gastrointestinal 
hemorrhage with increasing age. On the other hand, there is 
no evidence that the value of FOBT is diminished in the very 
elderly. In fact, the positive predictive value of FOBT has 
been reported to increase with age from 1.6% for those under 
60 years of age to 3.6% for those over 70 years of age [23].

Fecal Immunochemical Testing

Fecal immunochemical testing (FIT) was originally devel-
oped in the 1970s. It is a screening technique based on immu-
nochemical detection of human globin in stool. This test 
sheds some of the false negative and false positives caused 
by the peroxidase-based stool testing influenced by dietary 
factors or medications. In addition it has a higher sensitivity 
for colonic blood due to the fact that upper gastrointestinal 
bleeding is subject to degradation by digestive enzymes and 
would not be detected in the stool sample by this technique. 
A large study comparing a high-sensitivity guaiac-based 
study with FIT found no clear superiority in performance. 
The one-time sensitivity FIT was evaluated in another study 
of over 20,000 patients scheduled for colonoscopy. This 
particular study found 5.6% of patients to be FIT positive 
with a sensitivity of 27.1% for advanced neoplasia and 65.8% 
for cancer. Another study evaluating the sensitivity of FIT in 
both asymptomatic and symptomatic patients scheduled for 
colonoscopy, the sensitivity and specificity was raised to 
94.1 and 87.5% respectively when the sample number was 
increased to 3 and a hemoglobin threshold set to 75 ng/ml. 
Overall the specificity appears to be higher with FIT in 
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comparison to high-sensitivity FOBT; however, the FOBT 
has higher sensitivity for adenomas. The advantage to the 
FIT includes the lack of dietary restriction prior to testing, 
and with some assays, greater ease of sampling procedures 
in comparison to the FOBT [22].

sDNA

The most recent development in the stool assay arena is the 
stool DNA test. It is based on the principle that cancers and 
adenomas harbor known DNA alterations in the transforma-
tion of adenoma to carcinoma in colorectal cancer. This DNA 
is continuously shed in the stool, and remains stable in the 
feces for reliable detection. This tool relys on a multiple 
marker array targeting mutations in K-ras, APC, and p53, as 
well as markers of microsatellite instability and DNA integrity 
to assess for possible adenomatous or carcinomatous changes. 
Of note this test requires at least 30  g of stool for assay. 
Sensitivity has ranged from 52 to 91% and specificity from 
93 to 97%. The majority of effect on sensitivity relates to 
DNA degradation after obtaining the specimen, usually 
during transport. When compared with low-sensitivity FOBT 
in the setting of colonoscopy, sDNA was found to have supe-
rior sensitivity for detecting cancer and high-grade dysplasia 
(40% vs. 14% for FOBT). However, since this is a relatively 
new modality and there are no programmatic studies to eval-
uate screening technique or frequency, no definitive recom-
mendations can be offered at this time. It may prove a 
modality that could benefit from combination with high-
sensitivity FOBT or FIT [22].

Sigmoidoscopy

Although supporting data from randomized trials are lacking, 
several case–control studies support the efficacy of screening 
sigmoidoscopy for reducing mortality due to colorectal 
cancer. As a screening method, sigmoidoscopy has three 
advantages over FOBT: (1) the bowel is directly visualized; 
(2) lesions can be biopsied during the procedure; and (3) it 
has high sensitivity and specificity for detecting polyps in the 
bowel examined. Its primary limitation is that only the rectum 
and distal colon are examined.

Patients usually do not require sedation or full bowel 
preparation for screening sigmoidoscopy. Although lesions 
are biopsied, full polypectomies are not routinely done, 
as cautery used for polypectomies can result in complica-
tions in colons subjected to less than full bowel preparation. 
Prophylactic antibiotics are given to patients at risk for 
developing endocarditis.

The performance of the flexible 60 cm sigmoidoscope is 
superior to that of the 25 cm rigid scope. With the flexible 
scope, a larger area of colon can be examined, the optics are 
better, and there is more comfort for both patient and 
examiner. Within the area of reach, nearly all cancers and all 
polyps >1 cm in diameter and 70–85% of smaller polyps are 
detected by flexible sigmoidoscopy. False-positive findings 
are rare, although many polyps identified prove to be 
nonadenomatous. The 60 cm scope, which reaches up to or 
beyond the proximal sigmoid colon in 80% of examinations, 
should be able to detect 40–60% of adenomatous polyps and 
cancers based on the known anatomic distribution of these 
lesions. The rigid scope would be able to detect only 20–30% 
of these lesions.

What constitutes a positive finding on screening sigmoi-
doscopy requiring full colonoscopy is somewhat controver-
sial. Cancer or an adenomatous polyp >1  cm in diameter 
should be followed by colonoscopy. Polyps shown to be 
hyperplastic and normal mucosa do not require follow-up. It 
is not yet clear whether a small adenoma (<1 cm in diameter), 
especially if it is tubular and without high-grade dysplasia, 
needs follow-up. When an adenomatous polyp is found in 
the rectosigmoid, there is an approximately 33% probability 
that more proximally located adenomatous polyps are 
present. However, if the rectosigmoid adenoma is <1 cm in 
diameter, it is unlikely that adenomas >1 cm or with high-
grade dysplasia will be found more proximally.

Barium Enema

Barium enema examination allows the entire colon and all 
but the most distal rectum to be evaluated, although there are 
no specific data that its use as a screening test is associated 
with a reduction in mortality from colorectal cancer. This test 
can be performed in two ways: as a single-contrast study 
using barium alone or as a double-contrast study, in which 
air is instilled into the colon after most of the barium is 
removed. With the single-contrast study lesions appear as 
filling defects, whereas with the double-contrast study lesions 
are outlined by the retained barium against a background of 
air. The double-contrast study has considerably more sensi-
tivity and specificity than the single-contrast study and has 
generally replaced it, except in patients who are not able to 
tolerate the more complicated and uncomfortable study. The 
sensitivity of double-contrast barium enema has been 
reported as 50–80% for polyps <1 cm in diameter, 70–90% 
for polyps >1 cm in diameter, and 55–85% for TNM stage 1 
and 2 cancers. False-negative results are related to inadequate 
visualization of segments of bowel, especially the sigmoid 
colon, and to errors in interpretation. False positives are the 
result of stool in the bowel and of nonneoplastic mucosal 
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irregularities. When a finding on double-contrast barium 
enema is interpreted as cancer, the false-positive rate is less 
than 1%; the rate ranges from 5 to 10% when the interpre-
tation is a large polyp and 50% when it is a small polyp. 
Another limitation of the test is that 5–10% of studies are 
technically unsatisfactory, requiring another attempt at 
barium enema or colonoscopy.

Colonoscopy

Colonoscopy is the only screening technique that offers the 
potential to both detect and remove premalignant lesions 
throughout the colon and rectum. With respect to technical 
difficulty and the risk to the patient, it is more formidable 
than either sigmoidoscopy or barium enema. Colonoscopy is 
poorly tolerated without intravenous sedation. Because there 
is potential for the development of cardiorespiratory compli-
cations, elderly patients, particularly those with significant 
comorbidities, should undergo cardiorespiratory monitoring. 
As is the case for sigmoidoscopy, patients at risk for devel-
oping bacterial endocarditis should undergo appropriate 
antibiotic prophylaxis.

Sensitivity rates for colonoscopy are difficult to discern, 
as colonoscopy itself is often used as the gold standard for 
the presence or absence of lesions. However, studies in which 
colonoscopy is done prior to surgical resection for polyps 
and cancers suggest that colonoscopy misses 3% of such 
lesions. In comparison to barium enema, colonoscopy has 

more sensitivity for detecting small polyps, but its ability to 
detect polyps >1 cm is equivalent. It is unclear which proce-
dure causes less discomfort and is therefore associated with 
greater patient acceptability. Models of diagnostic strategies 
for patients with a positive screening FOBT have shown that 
barium enema and colonoscopy are associated with compa-
rable cost-effectiveness [14].

A limitation of colonoscopy is that in only 80–95% of 
procedures the entire colon is visualized. The probability 
of reaching the proximal colon depends primarily on the  
skill of the examiner and the adequacy of the bowel preparation. 
If the entire colon cannot be visualized, another examination 
is required: another attempt at colonoscopy or a barium enema.

Computed Tomographic Colonoscopy

Computed tomographic colonoscopy (CTC) or virtual 
colonoscopy was introduced in the mid-1990s as a minimally 
invasive technique to visualize the colon for possible neoplasm. 
This technique generates both high-resolution 2D and 3D 
reconstructions of the large bowel allowing for both polyp 
detection and limited investigation of adjacent structures 
(Fig.  69.2). A recent meta-analysis of both screening and 
high-risk cohorts of a sensitivity and specificity of large 
versus small (>10 mm vs. 6–9 mm) polyps was 85–93% and 
97% vs. 70–86% and 86–93%, respectively. The sensitivity 
of invasive CRC was 96% when compared with standard 
colonoscopy. The advantages of this technique are the lack 

Figure 69.2  Example of computed tomographic colonoscopy or virtual colonoscopy image.
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of sedation required and the speed of the test as well as the 
ability to immediately refer for colonoscopy for positive 
tests without requiring an additional bowel preparation. 
The disadvantages are the requirement of a second interven-
tion for polypectomy/biopsy as well as the lack of reim-
bursement in some states. Furthermore, the radiation dose 
delivered with multiple studies for screening has not yet been 
evaluated in terms of independent risk. The perforation rate 
is as much as 22 times less than with standard colonoscopy 
(1 in 22,000 vs. 1 in 1–2000) [22]. Although this may be a 
promising modality, there is not enough data at this time to 
recommend it as a screening tool when compared with 
standard colonoscopy.

Digital Rectal Examination

A common practice is to screen for colorectal cancer by per-
forming digital rectal examination, followed by a test for 
fecal occult blood if stool is present in the rectum. Based on 
the anatomic distribution of cancers, only 5–10% of lesions 
would be within reach of the examining finger. In addition, 
stool obtained from the digital rectal examination represents 
inadequate sampling and is associated with high false-
negative rates. Digital rectal examination, by itself, is not an 
effective method of screening for colorectal cancer.

Screening Recommendations

Screening for colorectal cancer and adenomatous polyps 
should be offered to all men and women without special risk 
factors beginning at age 50. A positive screening test should 
be followed by a diagnostic evaluation. Five screening 
options have been proposed in guidelines defined by a multi-
disciplinary panel [14, 22, 24]. These guidelines have been 
endorsed by a wide range of organizations, including the 

American Cancer Society, the American Gastroenterological 
Association, and the American Society of Colon and Rectal 
Surgeons; and they represent the current standard of care 
(Table 69.1).

	1.	 Yearly fecal occult blood screening.  Those with a posi-
tive test should undergo diagnostic evaluation with 
colonoscopy or double-contrast barium enema (with flex-
ible sigmoidoscopy).

	2.	 Flexible sigmoidoscopy every 5 years.  If polyps >1 cm in 
diameter are found, colonoscopy should be done. Polyps 
<1 cm in diameter should be biopsied, and if adenoma-
tous polyps or cancers are found, colonoscopy should 
be done. It is not clear whether patients with small tubu-
lar  adenomas (<1  cm in diameter) should undergo 
colonoscopy.

	3.	 Combined fecal occult blood testing and flexible sigmoi-
doscopy.  The combination of these two methods theo-
retically compensates for some of the deficiencies of each. 
However, there are no good data proving that combining 
the two methods offers any advantage over either alone.

	4.	 Double-contrast barium enema every 5–10 years.  No data 
exist to support that this method reduces mortality due to 
colorectal cancer.

	5.	 Colonoscopy every 10 years.  No data exist to support that 
this method reduces mortality due to colorectal cancer.

When to Stop Screening

The recommendations for screening in elderly patients, how-
ever, may differ from those of younger patients. Given the 
more limited life expectancy and the potential for more 
comorbidities making elderly patients more vulnerable to the 
risks of screening procedures, the benefits may not outweigh 
the risks. A recent set of guidelines published by the US 
Preventative Services Task Force states that for individuals 
over age 75, the benefit of screening is questionable and for 
those over age 85 it is not recommended [25].

Table 69.1  Screening guidelines for colorectal cancer

Symptoms Family history Age to begin (years) Evaluation

None None 50 DRE; stool guaiac; colonoscopy: if negative repeat in 3–5 years, 
otherwise repeat in 1 year to ensure no new lesions

None One or more FDR 40 As above
None FAP 10 DRE; colonoscopy: repeat annually if polyps found or at 3 years if no polyps
None HNPCC Late teens As for FAP
Present None 25 DRE; stool guaiac; colonoscopy: if negative repeat in 3–5 years, otherwise 

repeat in 1 year to ensure no new lesions
DRE digital rectal examination, FDR first-degree relative, FAP familial adenomatous polyposis, HNPCC hereditary nonpolyposis colorectal 
carcinoma
Source: Byers et al. [24]. This material is reproduced with permission of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.



89769  Neoplastic Diseases of the Colon and Rectum

Clinical Presentation

Symptoms of colorectal cancer are nonspecific and include 
abdominal pain, change in bowel movement patterns, and 
rectal bleeding (Table  69.2). In elderly patients, particu-
larly, the presentation may be varied and insidious, with 
vague symptoms such as apathy and weight loss some-
times being the only clue to the existence of cancer. 
Unfortunately, the incidence of benign colonic diseases 
associated with such nonspecific symptoms is increased in 
the elderly, and there is a tendency to procrastinate when 
proceeding with an appropriate diagnostic evaluation in 
this patient population.

There is some correlation between the location of the 
cancer and its resulting symptoms. Lesions in the right colon 
are frequently associated with such symptoms as a dull, 
aching pain in the right lower quadrant and fatigue and 
dizziness, which are related to the iron-deficiency anemia of 
chronic blood loss. Colonic obstruction is rare with cancers 
of the right colon. Transverse colon cancer frequently mani-
fests as signs of obstruction or pain in the mid-epigastrium. 
Lesions of the left colon are often associated with an altera-
tion in bowel habits and a decrease in stool caliber, with 
these changes being related to the narrower lumen and the 
presence of more solid stool in the left colon. Overt bleeding 
and colonic obstruction occur more frequently with rectosig-
moid cancers than they do with more proximal lesions. Low 
rectal cancer can be associated with the presence of tenesmus, 
urgency, and pain.

Signs of colorectal cancer include the presence of an 
abdominal or rectal mass or tenderness, anemia, and weight 
loss. Approximately 15% of colorectal cancers are first diag-
nosed in patients presenting with evidence of complete 
colonic obstruction. A smaller percentage of cancers present 
as colonic perforation, with most perforations occurring at 
the site of the tumor.

On occasion, signs and symptoms of metastatic disease 
are the first indication of the presence of colorectal cancer. 
Metastasis to the liver may manifest as jaundice and pruritus. 
Metastatic pulmonary disease may be seen on a chest radio-
graph in an otherwise asymptomatic patient. Signs of meta-
static disease include the presence of ascites, hepatomegaly, 
and lymphadenopathy (in the supraclavicular and periumbil-
ical areas, for example).

Treatment of Polyps

In general, sigmoidoscopy allows biopsy of polyps but not 
their complete removal. Full bowel preparation and colonos-
copy are required for polypectomy. The current literature on 
the need for colonoscopy for small distal tubular adenomas 
found at sigmoidoscopy is controversial. Markowitz and 
Winawer [26], in a review of the management of colorectal 
polyps, proposed the following guidelines. If a small polyp 
(<1 cm in diameter) biopsied on sigmoidoscopy is an adenoma, 
colonoscopic polypectomy with examination of the entire 
colon should be performed to look for synchronous neoplastic 
lesions. Read et al. [27], in a prospective study of asymptom-
atic average-risk individuals, reported that 31% of patients 
with benign adenomas on flexible sigmoidoscopy were found 
to have a synchronous neoplasm, and 8% with adenomas 
>1 cm in diameter had invasive cancers. If the polyp is >1 cm 
on sigmoidoscopy, however, rather than biopsy the lesion, 
colonoscopic polypectomy with examination of the proximal 
colon for synchronous lesions should be performed. Finding a 
nonneoplastic polyp at sigmoidoscopy requires no further 
evaluation. Radiographic detection of a polyp warrants full 
colonoscopy to resect the polyp and to examine the entire 
colon for the presence of synchronous lesions.

Polyps seen on colonoscopy should be excised endoscop-
ically, unless their configuration or size renders them too 
difficult to be removed endoscopically for technical reasons. 
For sessile polyps with invasive carcinoma, the incidence of 
lymph node metastasis is 15%, and the incidence of residual 
tumor after attempted endoscopic removal is 6%. A local 
recurrence rate of 21% can be anticipated if formal bowel 
resection is not done. For pedunculated lesions, polypectomy 
has the potential to be both diagnostic and therapeutic; 
although if invasive carcinoma is present in the polyp, further 
therapy is indicated. Invasive carcinoma in a pedunculated 
polyp implies invasion of the cancer through the muscularis 
mucosa. The incidence of lymph node metastases in this 
circumstance ranges from 8 to 16%. Tumor features predictive 
of nodal metastasis are the presence of positive or close 
margins of resection, invasion of the neck or stalk of the polyp, 
poor differentiation status, and the presence of vascular and 
lymphatic invasion.

Table 69.2  Signs and symptoms of colorectal cancer

Right colon
Chronic anemia
Occult gastrointestinal bleeding
Fungating lesion

Left colon
Obstructing symptoms
Grossly bloody stool
Change in bowel habits
Circumferential lesion

Rectum
Tenesmus, perineal pain
Gross bleeding
Change in bowel habits
Palpable tumor
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Rectal polyps can be challenging. Unless invasion is 
proven, transanal sphincter-sparing excision is the procedure 
of choice.

Treatment of Colorectal Cancer

Colorectal Surgery in the Elderly

Most reported series of operations for colorectal cancer 
document a higher postoperative mortality rate in the elderly. 
This age-related increase in postoperative mortality rate is 
likely to be related to two factors: (1) the higher prevalence 
of coexisting illnesses in elderly patients; and (2) the higher 
incidence of emergency operations in elderly patients, as 
they are more likely to present with complications of colorectal 
cancer, such as intestinal obstruction and perforation. In one 
study, the subgroup of patients who were 70 years of age or 
older, who were without concomitant pulmonary, renal, 
hemopoietic, or cardiac disease had a postoperative mortality 
rate of 4% following colon surgery; those younger than age 
70 had a postoperative mortality rate of 3.2% [28]. In another 
review of 357 patients over the age of 50 undergoing colon 
resection, the postoperative mortality rate was directly corre-
lated with the number of preexisting illnesses; age was not 
an independent risk factor for postoperative mortality. The 
postoperative mortality rate for all studies was 4.8%. For 
patients with no or one concomitant disease, the postopera-
tive mortality rate for patients younger than age 70 was 0%, 
and it was 1.5% for those older than age 70 [29]. In this 
study, for all age groups mortality for elective colon surgery 
was 3.4%, but it was 18% for emergency surgery. In another 
report of 101 colon resections in patients 70 years of age or 
older, the postoperative mortality rate was 5%, but no deaths 
occurred following elective procedures [30].

It appears, as demonstrated in contemporary series, that 
elective colon resection can be performed safely in the 
elderly and that age is an independent risk factor for post-
operative mortality following surgery for colorectal cancer. 
Existing data also suggest that early detection of colorectal 
cancer, allowing elective rather than emergent surgery, with 
careful preoperative assessment and optimization of organ 
system function, should be the goal in elderly patients.

When cancer stage is taken into account, the long-term 
survival rates following curative resection for colorectal 
cancer are comparable in elderly and younger patients. In 
one reported series, 3-year survival following surgery for 
colorectal cancer in patients older than 80 years was equiva-
lent to that for patients under age 80, although increased age 
was associated with longer hospitalization and higher hospital 
costs [31]. Although there are few data regarding quality of 

life issues following surgery for colorectal cancer in the 
elderly, in one report of patients older than 80 years, 82% of 
those who were admitted to the hospital from home for colon 
surgery were able to resume their normal level of activity 
postoperatively [1–3, 32]. When surgical treatment of 
colorectal cancer can potentially be most influenced by a 
patient’s age, therefore, is when the patients comorbidities 
makes them unable to withstand aggressive surgical 
management and/or their life expectancy is not expected to 
be long enough that they will develop significant symptoms 
from their tumor. Trade-offs and compromises in surgical 
treatment options are discussed further below within each 
specific treatment.

Preoperative Evaluation

Prior to surgery, elderly patients should undergo careful 
evaluation to diagnose and treat preexisting medical illnesses 
and to detect the presence of synchronous lesions and meta-
static disease. The operative approach to be taken depends 
on the results of the preoperative evaluation.

Once a cancer in the colon or rectum has been diagnosed, 
the incidence of synchronous cancer is 5%, and the incidence 
of a synchronous adenomatous polyp is 28%. Preoperative 
colonoscopy or barium enema to detect such lesions is 
the standard of care. In general, colonoscopy is preferable. 
Barium enema or virtual colonoscopy can be performed if 
the cancer is nearly obstructing and prevents proximal 
passage of a colonoscope.

The hematocrit should be checked because of the possi-
bility of anemia, which might require correction prior to 
surgery. Liver function tests should be checked, as they may 
indicate the presence of metastatic disease in the liver. Tumor 
markers such as carcinoembryonic antigen (CEA), CA 19-9, 
and CA-50 have been used for patients with colon cancer. Of 
these, CEA has had the most clinical application. Its pre-
operative concentration correlates well with tumor stage, as 
well as postoperative survival and recurrence rates. Elevated 
CEA concentrations are not specific for colorectal cancer, 
however. The CEA concentration in normal individuals 
ranges from 0 to 2.5  ng/ml. Benign elevations in CEA 
concentration are usually less than 10 ng/ml and are revers-
ible. Known benign conditions associated with elevations in 
CEA concentration include biliary obstruction, hepato-
cellular dysfunction, cigarette smoking, bronchitis, gastric 
ulcer, gastritis, inflammatory bowel disease, diverticulitis, 
adenomatous polyps, renal disease, and benign prostatic 
hyperplasia. CEA concentration can also be elevated with 
noncolorectal cancers.

A preoperative chest radiograph is obtained to detect the 
presence of lung metastases and cardiopulmonary disease. 
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For colon cancers, a preoperative computed tomography 
(CT) scan is not necessary as information that would change 
the operative plan is rarely found, although in some practice 
settings it is obtained routinely. It would be indicated in 
patients with abnormal liver function tests or who have a 
palpable mass on physical examination, potentially indicating 
that the patient had a burden of metastatic disease or techni-
cally unresectable disease that would signal a nonoperative 
approach to their diagnosis.

Rectal cancers should undergo a somewhat different 
preoperative evaluation from cancers of the colon to clarify 
curative versus palliative intent, to determine whether pre-
operative neoadjuvant therapies might be indicated, or if a 
more conservative surgical approach can be used. A careful 
digital rectal examination should be done to evaluate tumor 
size, fixation, and ulceration and to evaluate possible exten-
sion of the cancer to pararectal lymph nodes or adjacent 
organs. A woman should have a complete pelvic examination 
to determine if the tumor has invaded the vagina or has spread 
to the ovaries. Rigid sigmoidoscopy is done to assess size, 
ulceration, and distance of the distal edge of the tumor to the 
anal verge. Flexible instruments are unreliable for assessing 
distance. CT scanning is indicated in patients with rectal 
cancer to evaluate pelvic extension and to look for distant 
metastases. Transrectal ultrasound or endoanal MRI exami-
nations are the best attempts to accurately determine the depth 
of cancer invasion (T stage) and nodal involvement (N stage) 
helping to determine which patients are candidates for pre-
operative chemoradiation to allow for more sphincter-sparing 
operations and reduce local recurrence of their disease [33].

Preoperative Bowel Preparation

In the past, it had been standard to perform a mechanical 
bowel preparation prior to surgical intervention under the 
premise that it would reduce the risk of anastamotic leak and 
fecal soilage resulting in abscess or surgical site infection 
rates by reducing bacterial load. This has not been borne out 
in statistical analyses [34]. Moreover, there have been case 
reports, including an FDA alert in May 2006, regarding 
sodium phosphate products in particular. The case reports 
have described renal failure, in particular, acute phosphate 
nephropathy after oral sodium phosphate, even in patients 
with normal creatinine clearance. A recent consensus state-
ment was published by the combined task force of ASCRS, 
ASGE, and SAGES outlining the evidence for various bowel 
preparations and their efficacy specifically for colonoscopy 
where preparation is necessary for adequate screening. In an 
addendum, they outlined particular groups at risk with 
sodium phosphate preparations. In particular, the elderly 
independent of renal function were considered at increased 
risk of acute renal failure with the oral preparation [35]. 

Statistically significant changes in serum Na, K, and PO
4
 

were seen; however, all within the range of normal. In addition, 
a statistically significant correlation between rise in serum 
phosphate and age was found in patients with normal creati-
nine clearance [36]. Due to this increasing volume of evidence, 
the author’s institution has phased out phosphosoda prepara-
tions in general and has moved away from aggressive preop-
erative mechanical bowel preparation for colorectal surgery.

Surgical Technique

Colon Cancer

Surgery with curative intent is possible in approximately 
85% of patients diagnosed with colorectal cancer. The goal 
of curative resection is en bloc excision of the primary tumor 
along with its regional lymphatic system. Prophylactic exten-
sive central or retroperitoneal lymph node dissections are 
associated with increased operative morbidity but no survival 
advantage. Tumor-free margins proximal and distal to the 
lesion along the length of the intestine are most often easily 
achievable for colon cancer, as pathology studies have shown 
that longitudinal spread of the disease rarely exceeds 4 cm. 
Local extension into organs contiguous with the large intes-
tine is found in approximately 10% of cases. Excision with 
tumor-free margins is still the goal in such cases, as 67% 
5-year survival has been reported for patients undergoing 
curative resection of such lesions.

Traditional resections for colon cancer are based on the 
pattern of lymphatic drainage. As the lymphatics course 
together with the major vascular supply of the colon, resec-
tion of lymphatic channels draining a particular colonic 
segment necessitates devascularization of that segment. 
This approach sometimes requires resection of segments of 
colon beyond what longitudinal margins alone would require.

Cancers of the cecum and ascending colon are treated 
with a right hemicolectomy. The ileocolic artery, right colic 
artery, and right branch of the middle colic artery are ligated. 
This requires resection of the distal 5–8  cm of the ileum, 
cecum, ascending colon, and proximal transverse colon.

For cancers of the transverse colon, transverse colectomy 
with ligation of the middle colic artery and anastomosis 
between the ascending colon and the descending colon can 
be done, although there may be tension at the anastomosis, 
even after full mobilization of the colon. Cancers of the 
proximal and mid-transverse colon can be resected with an 
extended right hemicolectomy, with ligation of the ileocolic 
artery, right colic artery, and middle colic artery. The terminal 
ileum, cecum, ascending colon, hepatic flexure, transverse 
colon, and splenic flexure are resected; and an anastomosis 
between the ileum and the descending colon is performed.
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Cancers of the splenic flexure and descending colon are 
treated by left hemicolectomy. The left colic artery is ligated, 
the splenic flexure and the descending colon are resected, 
and an anastomosis is created between the transverse colon 
and sigmoid colon.

A sigmoid colectomy is performed for sigmoid cancers. 
The inferior mesenteric artery is ligated distal to the origin of 
the left colic artery, and an anastomosis is created between 
the descending colon and the rectum.

Rectal Cancer

Surgical options for curable rectal cancer are summarized in 
Table 69.3. The surgical approach to rectal cancer is different 
from that for colon cancer, largely because of anatomic 
factors. Wide excision of the cancer and surrounding struc-
tures, possible in colon cancer, is difficult for rectal cancer, 
as the rectum resides within the confines of the pelvis. The 
proximity of the anal sphincter mechanism, organs of the 
urogenital tract, and enervation of the urogenital system 
pose significant challenges.

The desired distal margin in rectal cancer excisions has 
been the focus of much interest. A 5 cm margin of normal tissue 
distal to the grossly visible lesion was once the standard of 
care. This concept was based on observations by Dukes, who 
failed to detect submucosal or lymphatic spread more than 
4.5 cm distal to the tumor. Unfortunately, tumor differentiation 
status was not considered in his study. More recent pathology 
studies have shown that for well-differentiated and moderately 
well-differentiated rectal cancers, a 2  cm distal margin is 
adequate. In recent years, the importance of margins lateral to 
the rectum has received greater attention. Clearance of these 
margins can be difficult to achieve, a factor that may account 
for the high local recurrence rates observed for rectal cancer.

Cancers of the upper rectum are treated by anterior resec-
tion, during which the proximal rectum is resected through an 

abdominal incision, and intestinal continuity is reestablished 
by colorectal anastomosis. Resection of the rectosigmoid colon 
performed proximal to the pelvic peritoneal reflection is known 
as a high anterior resection, whereas an operation in which it is 
necessary to open the pelvic peritoneum is known as a low 
anterior resection. Typically, the sigmoid colon is resected in 
continuity with the rectum, as the inferior mesenteric artery has 
been divided. The more generous collateral circulation to the 
descending colon provides a safer anastomosis.

Cancers of the lower rectum (<4 cm from the anorectal 
junction) have traditionally been treated by abdomino-
perineal resection (APR). Patients should understand that a 
permanent colostomy, which is integral to APR, does not 
signify a hopelessly advanced cancer. Other surgical options 
for low rectal cancers include a low anterior resection with 
coloanal anastomosis or local excision of the tumor, usually 
via a transanal approach. The option for these procedures is 
based on the preoperative stage. Elderly patients, however, 
in whom a curative goal is being superseded by a limited life 
expectancy might undergo a local procedure (see below) 
even if it is of palliative rather than curative intent as local 
procedures are much better tolerated by patients.

Cancers of the middle third of the rectum require the most 
surgical judgment to determine whether a sphincter-sparing 
procedure can be done. Clearly, with the advent of stapling 
devices and an understanding that a distal margin of 2 cm is 
adequate, sphincter-sparing operations are more prevalent. 
Although the distance from the distal edge of the tumor to 
the anal verge is clinically the most often used criterion for 
determining whether a patient is a candidate for low anterior 
resection, other factors also play a role. These factors include 
body habitus, tumor size, mobility, histologic grade, the pres-
ence of metastatic disease, the preoperative continence status, 
the patient’s willingness to accept a stoma and his or her 
ability to care for a stoma, and the general medical condition 
of the patient. Elderly patients may have compromised 
sphincter function and might experience poor bowel control 
following a low coloanal anastomosis. Careful consideration 
of this possibility is needed when deciding whether to 
recommend such an anastomosis over a permanent stoma. 
Furthermore, in those patients in whom a permanent stoma is 
determined to provide the best bowel control, the bowel distal 
to the tumor can be stapled off and left in place as a short 
rectal stump to avoid the lengthy perineal dissection and 
morbid perineal wound found in a traditional APR.

Total Mesorectal Excision

Given the probable contribution of inadequate lateral clearance 
of rectal cancers to high local recurrence rates, modifica-
tions of the traditional surgical techniques have been proposed. 
The technique of total mesorectal excision (TME) has been 

Table 69.3  Treatment options for curable rectal cancer

Mid and upper rectum (6–15 cm)
Anterior resection, stapled, or hand-sutured

Lower rectum (0–5 cm)
Coloanal anastomosis, with or without a pouch
Transanal excision
Transsphincteric and parasacral approaches
Diathermy
Abdominal perineal resection
Primary radiation therapy

All sites
Adjuvant radiation therapy
Source: DeCosse J, Tsioulias G, Jacobson J (1994) Colorectal cancer: 
detection, treatment, and rehabilitation. CA Cancer J Clin 44:27–42. 
This material is reproduced with permission of Wiley-Liss, Inc., a sub-
sidiary of John Wiley & Sons, Inc.
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advocated initially by Heald [37]. With TME, the envelope of 
lymphovascular fatty tissue surrounding the rectum and 
mesorectum are completely excised under direct vision. The 
avascular plane between the mesorectum and the surrounding 
tissues is developed using sharp dissection. The excised speci-
men includes the whole posterior, distal, and lateral mesorectum; 
the inferior hypogastric plexuses are preserved. Anteriorly, 
Denonvilliers’ fascia is included as part of the excised specimen.

Using TME, local recurrence rates of 4–8% have been 
reported [37, 38]. These rates are significantly lower than 
those for historical controls, for whom recurrence rates range 
from 20 to 45%. However, TME has been associated with a 
high anastomotic leak rate (³17%), leading some to advocate 
routine proximal colonic diversion following the procedure. 
Although many have proposed TME as the standard of care, 
its overall role in the management of patients with rectal 
cancer is not yet clear, particularly given the improvements 
in neoadjuvant therapies [39].

Local Therapies

Although radical surgery is the treatment of choice for most 
patients, local treatment is a satisfactory alternative under 
defined conditions. Local resection should be considered 
with curative intent for early stage rectal cancers that are too 
distal to allow a restorative resection and as a palliative 
measure in patients with metastatic disease or comorbid 
medical conditions who may not be able to tolerate the stress 
of general anesthesia and a major abdominal operation.

Local techniques include excision, ablation, and irradiation. 
Local excision can be performed through transanal, transsacral, 
or transsphincteric approaches, with the transanal approach 
being used most frequently [40]. Transanal endoscopic micro-
surgery (TEMS) has allowed local excision to be performed in 
slightly more proximal lesions. In patients who are particularly 
poor surgical candidates, transanal electrocoagulation, possibly 
in multiple stages, offers effective palliation [41].

For curative resections, the success of local excision 
depends on stringent selection criteria, as described by 
Ogunbiyi and Fleshman [42] (Table 69.4). Transrectal ultra-
sonography or endoanal magnetic resonance imaging should 
be performed to stage the lesions preoperatively. Candidate 

lesions should be small (<3 cm in diameter), mobile, confined 
to the rectal wall (T1 or T2), without evidence of regional or 
distant metastasis (N0 and M0), exophytic, and well or mod-
erately well differentiated, without lymphovascular or 
perineural invasion. Graham et al. reported a 5-year cancer-
specific survival of 89% in their series of local excisions for 
rectal cancer using such selection criteria [43]. The local 
recurrence in this series was 19%.

Special Cases

Synchronous Lesions

Total abdominal colectomy with an ileal to rectal anastomosis 
may be performed when synchronous lesions or multiple 
adenomatous polyps are present. This operation is also 
recommended for patients with HNPCC. Although this 
operation can be associated with initial postoperative diarrhea, 
intestinal adaptation allows good long-term function. Total 
proctocolectomy with mucosal proctectomy and ileoanal 
anastomosis is done for younger patients with FAP; there is 
less experience with this operation in the elderly.

Colonic Obstruction

Complete obstruction of the colon or rectum by an obstructing 
carcinoma is a surgical emergency. Obstructing cancer of the 
right or transverse colon can be treated by resection and 
anastomosis without proximal diversion, but treatment of 
left-sided obstruction is more controversial. The preferred 
approaches are resection without anastomosis, resection and 
anastomosis with a proximal diverting ileostomy, or subtotal 
colectomy with ileorectal anastomosis. In the presence of an 
extensively dilated proximal colon and unstable patient, a 
temporary proximal decompressing stoma may be appropriate. 
The preliminary experience with colonic stenting in patients 
with advanced tumors presenting with obstruction has been 
reported to be promising [39]. Such stents, although not 
long-term solutions, can be used for palliation or for reca-
nalization to allow bowel preparation and safer elective 
surgery.

Perforated Colon Carcinoma

The surgical approach is resection of the perforated segment 
of the bowel, together with involved adjacent structures. An 
anastomosis in a contaminated field should be protected by a 
proximal diverting stoma. Although the prognosis is poor, a 
curative operation should be attempted.

Table 69.4  Criteria for local management of rectal cancer

Diameter <3 cm
Mobile tumor
Exophytic
Confined to rectal wall (maximum T2) on transrectal ultrasonography
No evidence of extrarenal spread or distant metastases on computed 

tomography
Well-differentiated or moderately differentiated histology
No lymphovascular or perineural invasion
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Laparoscopy for Colorectal Cancer

Laparoscopic surgery has integrated into most realms of sur-
gery; however, its progress into oncologic procedures has been 
slower and more heavily scrutinized than in other arenas. To 
answer the question of the efficacy of laparoscopic approach to 
colorectal cancer surgery, a large multicenter trial was estab-
lished to prospectively evaluate outcomes. The Clinical 
Outcomes of Surgical Therapy (COST) study group designed a 
multicenter, randomized, prospective trial to specifically 
answer the question of the appropriateness of laparoscopy in 
colorectal surgery. Their most recent update from 2007 includes 
follow-up data where they found no statistical difference in 
5-year overall or disease-free survival overall, or site-specific 
recurrence between laparoscopic and open colorectal surgery. 
Of note this study was restricted to cancer of the right/left or 
sigmoid colon, and excluded those with locally (T4) or 
systemically (stage IV) advanced disease. This data provides 
needed level 1 evidence that laparoscopic colon surgery is 
equivalent to the standard technique with no higher incidence 
of tumor seeding than with an open procedure [44]. A recent 
Canadian study reviewed their center experience with laparo-
scopic resection for colon cancer between the elderly (>74 years) 
and their younger counterparts (50–74 years). In their experi-
ence, age was not an independence factor predicting poorer 
outcome after laparoscopy. Furthermore, they found no differ-
ence in conversion rate in comparison to the younger cohort. 
However, they found as others that the elderly were likely to 
present with more advanced stage of cancer, more comorbidi-
ties which would affect their outcome as it would for a younger 
patient. They concluded that laparoscopy should be considered 
in the elderly. They were not able to show decreased length of 
stay with laparoscopy versus open in the elderly but they did 
find no significant difference based on age alone [45].

Adjuvant Therapies

Adjuvant therapies are designed to eradicate micrometastases 
present at the time of surgery, with the goal of reducing local 
recurrence rates and prolonging survival. Several chemotherapy 
regimens based on 5-fluorouracil (5-FU) have been shown to 
prolong survival in selected groups of patients following 
curative resection for colon cancer. For example, the American 
National Cancer Institute Intergroup Study reported a 41% 
reduction in tumor recurrence and a 33% reduction in cancer-
related mortality during a 3-year observation period in node-
positive patients treated with levamisole and 5-FU [46]. 
Recent advances with more complex regimens adding chemo-
therapeutic agents in combination potentially along with 
monoclonal antibodies targeting specific tumor antigens has 
led to improvements in survival for stage III patients [47]. 

Ongoing trials are designed to identify chemotherapeutic 
agents with more antitumor efficacy and to define which 
patients would benefit from such treatments. Although 
standard treatment for colon cancer includes adjuvant chemo-
therapy for patients with stage III disease but not for patients 
with stage II tumors (who have no lymph node metastases), 
20% of patients with stage II tumors die of recurrent disease. 
The challenge is to identify the subset of patients with stage II 
disease who would benefit from adjuvant chemotherapy. In a 
recent report, 192 lymph nodes from 26 consecutive patients 
with stage II colorectal cancer were examined using a CEA-
specific nested reverse-transcriptase polymerase chain reac-
tion (RT-PCR) to detect the presence of micrometastases not 
otherwise identified by routine histologic methods. 
Micrometastases were detected by PCR in one or more lymph 
nodes from 14 of 26 patients (54%). The 5-year survival rate 
was 36% in this group, but it was 75% in the group without 
micrometastases. The groups were similar with respect to age, 
sex, tumor location, tumor differentiation, and tumor size [48].

The proper use of adjuvant chemotherapy in elderly patients 
raises several issues. Patients are often seen as having more 
limited life expectancies and thus less potential advantages of 
adjuvant therapy and more vulnerable to toxicity. Studies have 
documented that elderly patients are receiving chemotherapy 
less often that their younger counterparts [49]. Toxicities, aside 
from myelosuppression and fatigue, however, have not been 
demonstrated to be more severe in elderly patients (same refer-
ence as prior). In addition, many studies do show a benefit from 
chemotherapy in the small groups of elderly patients that have 
been studied that age alone has not been recommended to be a 
criterion on which adjuvant chemotherapy is limited. It is rather 
the patients’ life expectancy and comorbidities that are most 
helpful to assess when making this determination.

Adjuvant radiation therapy is rarely used following 
curative resection of colon cancers, as local recurrence rates 
are low and adjacent structures (e.g., small intestine) are 
sensitive to radiation-induced toxicity. For rectal cancer, 
however, the reported local recurrence rates are usually 
30–35% for stage II disease and 40–60% for stage III dis-
ease. The use of adjuvant radiation therapy has clearly been 
shown to be associated with a reduction in local recurrence 
rates [50–52]. Postoperative adjuvant radiation therapy and 
chemotherapy for transmural and node-positive rectal cancer 
is the current standard of care. However, the optimal timing 
of adjuvant therapy for rectal cancer remains controversial.

The advantage of postoperative radiotherapy is that it 
allows patient selection based on surgical and histopathologic 
findings. Preoperative radiation therapy protocols may include 
patients who do not need such adjuvant treatments, given the 
limitations of currently available imaging studies. However, 
preoperative radiation therapy has the potential to downstage 
tumors and allows sphincter-sparing surgery in patients who 
otherwise might have required abdominoperineal resection.
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At least ten modern randomized trials of preoperative 
radiation therapy for resectable rectal cancer have been 
reported. In five reports, the authors found a significant 
reduction in the rate of local recurrence. In some studies, a 
significant improvement in survival, as determined in sub-
group analyses, was reported. In only one trial, a significant 
survival advantage for the whole group of treated patients 
was reported [53]. In this trial, done in Sweden, 1,168 
patients received either a short course (five fractions over 1 
week) of radiation therapy preoperatively combined with 
surgery or surgery alone. Irradiation was not associated with 
an increase in postoperative mortality. The local recurrence 
rate was 11% in the group who underwent irradiation and 
27% in the group who were subjected to surgery alone. The 
difference in local recurrence rate was statistically signifi-
cant for lesions of all stages. The overall 5-year survival rate 
was 58% in the group who received radiation and 48% in the 
surgery-alone group (p = 0.004).

The Swedish trial has been criticized, as more than 100 
surgeons at 70 hospitals participated, with each surgeon, on 
average, performing fewer than four operations per year 
[53]. The local recurrence rate for stage I cancers in the trial 
(4% after irradiation and 12% after surgery alone) was higher 
than is typically reported, and radiation delivered all in 5 
days rather than 4–6 weeks is not the protocol used most 
often in the USA. This study also did not address the role of 
preoperative irradiation in combination with preoperative 
chemotherapy. Additional studies are required to define the 
optimal adjuvant therapy regimens for rectal cancer.

Postoperative Surveillance

There are two goals of postoperative surveillance: (1) to 
increase the detection of recurrent carcinoma at a potentially 
curable stage and (2) to detect metachronous lesions. Recurrent 
disease following resection for colorectal cancer, even at 
distant sites, is potentially treatable. Hepatic resection for 
metastatic lesions is safe and appears to prolong survival in 
selected patients. In a report of 128 patients over the age of 70 
undergoing major hepatic resections for colorectal metastasis, 
those over 80 years of age had perioperative outcomes and 
5-year survival rates equivalent to those of younger patients. 
Hepatic resection for colorectal metastases with clear margins 
of resection is associated with a 5-year survival of 25–48% 
and mean survival of 20–40 months. The lung is the second 
most common site of metastases from colorectal cancers. In 
selected patients, complete resection of pulmonary metastases 
is associated with a 5-year survival of 20–44%.

The best surveillance strategies remain to be determined. 
Postoperative surveillance following surgery for colorectal 
cancer is highly variable in clinical practice. In one report, 

the number of office visits during the first 5 years ranged 
from 6 to 18, CEA measurements ranged from 0 to 44, liver 
ultrasound examinations ranged from 0 to 10, and sigmoi-
doscopy ranged from 0 to 13 [54].

Traditional surveillance protocols have included periodic 
history and physical examination, FOBT, complete blood 
count, liver function tests, tumor marker sampling, colonos-
copy, and chest radiography. Surveillance tests are generally 
performed more frequently during the initial postoperative 
period, as 80–90% of all recurrences become evident during 
the first 2–3 years after surgery. One standard textbook of 
surgery has recommended that the history, physical exami-
nation, FOBT, and blood studies be obtained every 3 months 
during the first 3 years and every 6 months for an additional 
2 years. Tumor markers are measured every 8 weeks by some 
investigators and monthly by others for 3 years and then 
every 3 months for another 2 years. Traditionally, colonos-
copy has been done 6–12 months after resection, at yearly 
intervals for an additional 2 years, and at less frequent 
intervals thereafter.

In another recent report, the efficacy of a surveillance 
strategy using the history, physical examination, liver function 
tests, CEA assay, and colonoscopy 5 years postoperatively is 
as good as a more intensive strategy using yearly colonos-
copy, CT, and chest radiography [55]. Survival rates were 
equivalent, regardless of the surveillance strategy used.

In guidelines recently published by a multidisciplinary 
panel, patients in whom large (>1 cm in diameter) or multiple 
adenomatous polyps have been removed should have an exami-
nation of the entire colon 3 years after the initial examination. 
If the first follow-up is normal or if only a single, small, tubular 
adenoma is found, the next examination can be at 5 years.

Patients with a colorectal cancer who has been resected 
with curative intent (but who did not undergo complete ade-
quate colonoscopic examination preoperatively) should have 
a complete examination of the colon within 1 year after 
resection. If this or a complete preoperative examination is 
normal, subsequent examination should be offered after 
3  years and then, if normal, every 5 years [56]. As with 
original cancers, subsequent cancers are preceded by ade-
nomatous polyps that occur with increased frequency. 
There is no evidence to suggest that these polyps progress to 
cancer at a different rate from those in average-risk people.
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Abdominal wall hernia repair is the most common surgical 
procedure in the USA. More than 1,000,000 herniorrhaphies 
are performed annually. Of these 750,000 are inguinal, 
166,000 are umbilical, 97,000 are incisional, and 25,000 are 
femoral [1]. The incidence of groin hernias, in men over age 
65 is approximately 13 per 1,000 population [2]. The inci-
dence in women is 12–25% that of men. In a British study of 
more than 30,000 inguinal hernia repairs, 27% were in an 
elderly population; 85.5% of repairs on patients aged 65 or 
older were elective, and the remaining 14.5% were classified 
as emergency procedures [3]. Since the majority of all 
hernias are inguinal or femoral, the focus of this chapter will 
be on the preoperative evaluation, repair options and compli-
cations of groin hernias. Incisional, umbilical, and other hernias 
will be discussed separately at the end of the chapter.

Ingunial Hernias

The inguinal and femoral canals are anatomically one of the 
most confusing areas of the human body (Fig.  70.1). The 
inguinal canal is bordered anteriorly by the external oblique 
fascia and posteriorly, also called the floor of the canal, by 
the transversalis fascia. The superior border is the transverses 
abdominus and the inferior border is the inguinal ligament, 
which is itself the inferior edge of the external oblique muscle. 
The spermatic cord in males or round ligament in females, 
courses through the inguinal canal from deep to superficial 
inguinal rings. The spermatic cord itself is composed of 
cremasteric muscle, pampiniform plexus, testicular artery, 
genital branch of the genitofemoral nerve, ductus deferens, 
cremasteric artery, lymphatics, and processus vaginalis.

An important concept in groin anatomy is the myopectineal 
orifice (Fig. 70.2). Through this anatomic opening, structures 
traverse from the pelvis to the leg. The spermatic cord and 
the femoral vessels pass through this orifice anterior and 
deep to the inguinal ligament, respectively. The myopectineal 
orifice can further be divided into three triangles – the medial, 
lateral, and femoral [4]. The medial and lateral triangles are 
separated from the femoral triangle by the inguinal ligament. 
The majority of groin hernias in older individuals occur 
through a weakening in the floor of the medial triangle. The 
majority of recurrences occur through the lateral triangle 
when it is not dealt with appropriately during the primary 
operation [5]. Accordingly, femoral hernias occur through 
the femoral triangle, more specifically through the empty 
space of the femoral canal medial to the femoral vessels.

Inguinal hernias are divided into two types: direct and 
indirect. Indirect hernias pass through the deep inguinal ring, 
lie anterior and medial to the vas deferens within the sper-
matic cord, and descend through the inguinal canal to the 
scrotum. These are more commonly congenital and arise 
from a patent processus vaginalis. Direct hernias pass directly 
through the floor of the inguinal canal and point anteriorly. 
This area in the floor of the canal is referred to as Hesselbach’s 
triangle and is bordered by the lateral border of the rectus 
abdominis muscle, the inferior epigastric vessels and the 
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Abdominal Wall Hernia in the Elderly

Catherine Straub and Leigh Neumayer 

Case Study:  Part 1

The following case study, woven throughout the 
chapter, highlights the nuances and difficulties that 
inguinal hernias present in the elderly.

A 70-year-old male presented to the General 
Surgery clinic at the VA Hospital with complaints of 
a new bulge in his right groin. He first noticed the 
bulge 2 months ago after moving heavy boxes into a 
new home. Though initially painful it has not both-
ered him in weeks. He has not had any symptoms of 
obstruction. His past medical history is significant 
for well-controlled hypertension and a 30-pack-year 
smoking history. He is not enthusiastic about surgery 
and wants to know if he truly needs it.
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inguinal ligament. These are acquired hernias that are due to 
a weakness of the inguinal floor. A pantaloon hernia has both 
a direct and indirect component. Femoral hernias are a varia-
tion of direct hernias in which the inguinal ligament prevents 

the sac from protruding through the inguinal floor. Instead, 
the sac passes through the femoral canal [6].

Inguinal hernias in elderly persons present very specific 
challenges. For example, they are frequently long-standing. 
Many have been present for 10–20 years, although some may 
have occurred as long as 50–60 years prior to presentation for 
repair [7–9]. As a result of the chronic nature of these hernias, 
the surrounding normal anatomic architecture is disrupted and 
there is loss of appropriate tissue planes to facilitate repair. 
Furthermore, with age comes the anticipated loss of muscle 
mass and tissue strength, making an anatomic repair more dif-
ficult. By the age of 80 up to 40% of muscle mass may be lost, 
with a proportional increase in body fat [10]. Increased co-
morbidities in this age group can make elective repair chal-
lenging, but operative morbidity and mortality is still 
remarkably low. Prolonged neglect, however, can result in a 
high incidence of preoperative complications, such as bowel 
obstruction, incarceration, and strangulation. These conditions 
frequently necessitate emergency treatment. In a Swedish 
study, patients undergoing emergent operation for inguinal 
hernias were on average 12 years older than those undergoing 
elective repair (70 vs. 58 years old) [11]. However, new data 
suggest that watchful waiting is a viable option in this popula-
tion [12]. There are also new and emerging techniques for her-
nia repair, including laparoscopic and the use of biologics, that 
may be of particular interest to this demographic. These issues 
will be discussed in more detail later in the chapter.

Etiology and Distribution

The etiology of abdominal wall hernias differs somewhat in 
the elderly population. Indirect inguinal hernias, which are 
often congenital, comprise 90% of the hernias in young men, 
account for only 50–60% of hernias in older men. The inci-
dence of direct hernias increase to 35% in men over age 65 
[8]. Furthermore, the incidence of sliding hernias also 
increases from 0.5% during the third decade of life to as 
much as 13% during the sixth to eighth decades [13]. In 
youth indirect hernias are repaired by a simple herniotomy, 
the Marcy repair; however, indirect hernias in the adult 
population treated this way have a significant rate of recur-
rence indicating additional factors are present. Studies have 
shown that the presence of a persistent processus vaginalis 
does not change with age – roughly 20% [14]. Autopsy stud-
ies have shown that despite this high number, a very low 
proportion of patients suffered from a hernia in their life 
[15]. In addition, increased intra-abdominal pressure from 
such activities as coughing and straining put tremendous 
forces on the abdominal wall where there are natural weak-
nesses such as the internal inguinal ring and the transversalis 
fascia. Given the high proportion of patent processus 

Figure 70.1  Anatomy of the inguinal region (reprinted from Mulvihill; 
Surgery: Basic Science and Clinical Evidence; 2001, with kind permis-
sion of Springer Science + Business Media).

Figure 70.2  Myopectineal orifice (reprinted from Mulvihill; Surgery: 
Basic Science and Clinical Evidence; 2001, with kind permission of 
Springer Science + Business Media).
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vaginalises and the physiologic necessity of increased intra-
abdominal pressure, more patients suffer from inguinal hernias. 
Abrahamson describes a mechanism that may explain why 
this is not so. The “shutter mechanism” explains that when 
intra-abdominal pressure increases the muscles of the 
abdominal wall contact and the fibers of the aponeuroses 
within the inguinal region shorten. This essentially tightens 
around physiologic weaknesses such as the inguinal ring and 
the myopectineal orifice [16].

Acquired hernias are more common with increasing age 
and are often associated with other physiologic changes or 
disease processes. In most cases the pathophysiologic mecha-
nism of an acquired hernia is a structural inadequacy of the 
inguinal floor, which manifests as a direct inguinal hernia. 
A recent study compared the structure of the rectus sheath in 
patients undergoing inguinal hernia repair and those undergo-
ing appendectomy. There was a significant difference in the 
alignment and quality of collagen and elastic fibers. In those 
with inguinal hernias there was increased disorganization of 
collagen fibrils, thinning of elastic fibrils, and generalized 
replacement with ground matter [17]. A similar study showed 
that these changes were present in the transversalis fascia of 
both the herniated side as well as the nonherniated side [18].

The inguinal floor may therefore be weakened by any 
factors that interfere with normal collagen and elastin 
production. These include congenital connective tissue 
disorders such as Marfan and Ehler–Danlos Syndromes, as 
well as metabolic defects in collagen formation. Cigarette 
smoking also plays a significant role in hernia formation. 
The same proteases and elastases found in the lungs of smokers 
that lead to emphysema are also found in their serum and can 
bring about the destruction of elastin and collagen in other 
tissues. Systemic illnesses with an enhanced leukocyte 
response can also lead to the release of proteases and anti-
oxidants having a similar effect [16, 18, 19].

Other factors associated with groin hernia formation 
involve conditions that lead to chronically increased intra-
abdominal pressure, such as long-standing constipation and 
straining, bladder outlet obstruction, chronic cough, obesity, 
and kyphoscoliosis. In the elderly patient it is not uncommon 
for several of these factors to be present simultaneously. 
Occasionally, this confluence of factors contributes to the 
development of a giant hernia or one with a large scrotal 
component. These hernias can become extremely large and 
may contain a significant portion of the abdominal viscera. 
When forced reduction of the viscera into the contracted 
abdominal cavity is attempted, severe respiratory compro-
mise due to increased intra-abdominal pressure and decreased 
diaphragmatic excursion may occur.

Approximately 15–30% of all herniorrhaphies in the elderly 
are performed on an emergent basis as a result of incarceration. 
Overall, 50–60% are indirect and 17–25% are femoral. When 
separated by gender, 73% of incarcerated hernias in men are 

indirect and 15% are femoral, whereas femoral hernias account 
for 50% of incarcerations in women [7, 20, 21]. Although rare, 
once strangulation has occurred, the hernia changes from a sim-
ple mechanical problem to a complex life-threatening systemic 
illness, and the repair changes from correction of a simple 
mechanical defect to reversal of a major abdominal catastrophe.

Diagnosis

In most cases, the diagnosis of inguinal hernia in the elderly is 
clear. More than 70% of patients with groin hernias complain 
of a groin or scrotal mass and pain in the inguinal region. The 
pain may wax and wane if the hernia is reducible. In many 
cases the patient has been aware of, or diagnosed with, a hernia 
for many years. Symptomatic control is often achieved at the 
expense of physical activity. Trusses have been historically 
used to palliate the symptoms of a hernia; however, recent 
studies have shown that they are infrequently worn, uncom-
fortable, improperly fitted, and under the best circumstances 
only provide appropriate relief in 31% of patients [22].

The presence of a femoral hernia, however, is more difficult 
to recognize. Typically, poorly localized pain is present in the 
groin area without an obvious, visible bulge. Unfortunately, 
because of the subtle findings, femoral hernias are frequently not 
diagnosed until they incarcerate. In 1 review of 83 femoral her-
nias over 40% were repaired emergently for incarceration [23].

Historic factors that contribute to the development of inguinal 
hernias should always be elicited. Respiratory symptoms with 
chronic cough, chronic constipation, and symptoms of bladder 
outlet obstruction are most prevalent in an older population.

Examination for the presence of groin hernias should be 
part of the standard physical exam. Patients should be exam-
ined in the erect position, as a reducible hernia is sometimes 
more difficult to appreciate in the supine position. The only 
visible abnormality may be groin asymmetry. Indirect inguinal 
hernias appear as a small mass in the region of the deep ring, 
midway between the pubic tubercle and the anterior superior 
iliac spine. Direct hernias appear more medially, although 
this distinction is not always clear. Invaginating the skin of 
the scrotum and introducing the examining finger along the 
spermatic cord structures into the external inguinal ring is 
usually necessary for accurate diagnosis. Prolonged standing 
or increasing intra-abdominal pressure by coughing or with 
Valsalva maneuver causes the sac and its contents to descend 
toward the examining finger, where it is felt as a mass or a 
transmitted impulse. A small hernia defect or a sac that is 
difficult to reduce presents the greatest risk for future 
incarceration. In women, inguinal hernias may be difficult to 
diagnose until they become quite large.

It is important when examining the groin to include an 
examination of the upper thigh below the inguinal ligament 
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as well. Most femoral hernias can be felt as a soft mass 
medial to the femoral vessels. Frequently, hernias in this 
location are mistaken for inguinal lymph nodes or lipomas. 
Increased intra-abdominal pressure may transmit an impulse 
through the sac, but this too can be mistaken for normal 
transmission of the increased pressure in the femoral vein.

A rectal exam to assess prostate size, the presence of a 
rectal mass, and fecal occult blood, is an essential part of 
every physical exam for hernia, particularly in elderly 
patients. Although there is no association between inguinal 
hernia and colonic abnormalities, the high risk of colon 
neoplasm in these patients, in general, justifies a screening 
procedure, such as flexible sigmoidoscopy, for all patients 
over age 50 (see Elective Surgical Repair).

The differential diagnosis of a groin mass is extensive and 
includes hernias as well as lipomas, lymphadeonpathy, 
abscess, varicocele, hydrocele, testicular mass, testicular 
torsion, epididymitis, and femoral artery aneurysm [24]. For 
this reason a imaging modality for the diagnosis of groin 
hernias has been sought for years. Herniography consists of 
injecting a small amount of contrast material directly into the 
peritoneal cavity and taking a radiograph during a valsalva 
maneuver. This is an accurate but invasive and painful 
technique with a complication rate reported at 5.8% [25]. 
Ultrasound has been shown to have an accuracy of 92% for 
all groin hernias and a 75% accuracy for those without a 
palpable bulge (Fig. 70.3) [26]. Therefore, it may be a useful 
adjunct in qualified hands. Computed tomography and MRI 
scans may also be beneficial in the evaluation of the difficult 
groin, but history and physical examination remain the main-
stays of groin hernia diagnosis (Fig. 70.4).

The diagnosis of an incarcerated hernia is usually not 
difficult to establish. Most often patients present with a 
previously recognized hernia that has recently become 
increasingly painful and “stuck out.” In the case of a femoral 
hernia, a painful mass in the groin may be the first indication. 
Obstructive symptoms such as nausea, vomiting, and obstipa-
tion may not be present early in the course but develop if the 
incarceration goes untreated. Strangulation, or ischemia to 
the incarcerated portion, is indicated by increasing pain and 
signs of systemic sepsis. On physical examination, a tender, 
nonreducible mass is present in the groin. Erythema and 
edema of the overlying skin are suggestive of strangulation of 
bowel in a hernia sac, as is severe tenderness to palpation.

Watchful Waiting

Surgical repair has been the gold standard for even asymp-
tomatic hernias for decades. However, awareness of compli-
cations from hernia repairs including recurrence and chronic 
groin pain are now better defined and so also should carry 
weight when determining the benefits of operative interven-
tion. It is also apparent that the risk of incarceration and 
strangulation from these minimally symptomatic hernias 
may have been previously overstated. For these reasons the 

Figure 70.3  Ultrasound of inguinal hernia (reprinted from [90], with 
kind permission of Springer Science + Business Media).

Case Study:  Part 2

The 70-year-old veteran is not too concerned about 
his hernia and knows many of his friends who have 
been ignoring theirs for years. He has never had 
surgery and does not want to start now. He is hoping 
you are going to tell him not to worry about it.

Figure  70.4  CT image of inguinal hernia (reprinted with permission 
from [91]. Copyright © Radiological Society of North America).



91170  Abdominal Wall Hernia in the Elderly

concept of watchful waiting has recently been considered as 
a viable option. Fitzgibbons et al. performed a trial of over 
700 patients where patients were randomized to either open 
mesh repair or watchful waiting. Thirty-three percent of 
patients in each group were over 65 years of age. After 3 
years of follow-up, pain and health outcomes were similar is 
each group. Eighty-five patients crossed over to the repair 
arm mostly because their hernias became more symptomatic. 
The rate of hernia accident was only 1.8 per 1,000. There 
were no deaths associated with hernia accidents [12]. This 
study seems to support a trial of watchful waiting in all 
asymptomatic or minimally symptomatic patients. A cost 
analysis performed as part of the Fitzgibbons study showed 
that a 2-year watchful waiting was a cost-effective option for 
such patients [27].

An additional study by O’Dwyer sought to answer 
a similar question looking at the geriatric population. 
One hundred and sixty patients over the age of 55 were ran-
domized to watchful waiting or operation. There were 23 
patients who crossed over to the repair arm, which is over 
20% of those randomized to watchful waiting. This article 
argues that given longer follow-up there would be more 
cross-over to surgery and that elderly patients’ health 
would only deteriorate over that time, making the risks asso-
ciated with a hernia accident more severe [28]. In this study, 
like that of Fitzgibbons, the incidence of hernia accident 
(strangulation) was rare. There were two patients who 
crossed over from watchful waiting to repair and experienced 
significant postoperative complications not related directly 
to the hernia repair (myocardial infarction and stroke) but 
presumably to the decrease in the patient’s overall health. 
Clearly as a patient ages, his or her general risks for undergo-
ing any type of procedure increases.

Elective Surgical Repair

Prior to elective repair, conditions that may cause increased 
intra-abdominal pressure should be investigated and corrected 
if possible. Increased intra-abdominal pressure puts stress on 
the repair, interferes with normal wound healing, and may 

predispose to recurrence. Constipation, symptoms of prostatic 
hypertrophy, chronic cough, and obesity are common condi-
tions associated with increased tension on the abdominal wall. 
Managing the first three conditions with medications suffi-
ciently to proceed with operation can often be accomplished in 
several weeks. Obesity cannot, however, and should not be 
controlled rapidly. Therefore, significant weight loss should 
not be used as an absolute prerequisite for repair.

Although there was a previously made association 
between inguinal hernias and colon cancer, those theories 
have been proven incorrect by multiple studies [29]. Current 
recommendations are to follow colon cancer screening 
guidelines. However, the majority of the elderly population 
does not currently follow these guidelines and their presenta-
tion with a hernia may be one of the best ways to enter them 
into the system. In a recent study, polyps were found in 62% 
of patients over the age of 60 undergoing screening colonos-
copy, 86% of which were asymptomatic. Colon cancer was 
detected in 2.4% of patients [30]. The high incidence of 
colonic abnormalities in the elderly justifies screening. For 
patients with primary-care providers, this screening can be 
accomplished at any time. For those who enter the health-
care system primarily to have the hernia repaired, screening 
should be part of the preoperative assessment. Elective repair 
should not be extensively delayed, however, to perform a 
screening procedure.

Anesthesia

The first step in elective hernia repair is the choice of anes-
thesia. Avoiding anesthetic techniques that place unneces-
sary stress on cardiac, pulmonary, and renal reserves may 
minimize the surgical morbidity and mortality. This is more 
important in elderly patients who often present with multiple 
co-morbidities. Both general and spinal anesthetic tech-
niques are associated with perioperative complications. 
Guillen and Aldrete reported that in men over age 70 under-
going elective inguinal hernia repair the incidences of 
hypotension with spinal and inhaled anesthetic were 43 and 
36%, respectively [31]. In a randomized trial of local vs. 
general and regional anesthesia, those patients receiving 
local anesthesia had less postoperative pain, fewer mictura-
tion complications, and shorter hospital stays. These results 
have been backed up by multiple other studies [32–34]. 
These data support the concept that local field block is the 
ideal anesthesia method for elective hernia repair in the 
geriatric age group. There are, however, a few limitations to 
this method. Patients with dementia or those who for other 
reasons are unable to understand commands and lie still on 
the operative table, as well as those who are unusually anxious, 
are considered poor candidates for local blocks. The excessive 

Case Study:  Part 3

Upon further questioning the veteran has enough 
discomfort from his hernia that it limits his daily 
activities around the house. He lives over an hour 
from the nearest VA hospital and after hearing the 
potential complications of not repairing his hernia he 
has elected to proceed with repair.
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use of sedation necessary to control these patients fre-
quently worsens the confusion and results in respiratory 
complications, which defeats the whole purpose of using 
local anesthetic. Further problems are encountered in obese 
patients for whom adequate local anesthesia may not be 
achievable because of limitations in dose and absorption.

With a detailed understanding of the neuroanatomy of the 
inguinal region, painless inguinal herniorrhaphy may be 
accomplished in the elderly patient. The innervation of the 
inguinal region is complex (Fig. 70.5). A clear understand-
ing of the intercostal nerve supply is paramount. Following 
the pattern of dermatome distribution, the tenth thoracic 
nerve innervates the umbilicus, the first lumbar nerve 
innervates the inguinal area, and the twelfth thoracic nerve 
innervates the area in between. The iliohypogastric and ilio-
inguinal nerves lie deep to the external oblique fascia and 
lateral to the anterior superior iliac spine. The iliohypogastric 
originates at the first lumbar nerve and lies under the external 
oblique aponeurosis after penetrating the internal oblique 
muscle. This nerves supplies sensory fibers to the suprapubic 
region. The ilioinguinal nerve follows the same course as the 
iliohypogastric nerve but lies closer to the crest of the ileum 
and inguinal ligament. The ilioinguinal nerve penetrates the 
internal oblique muscle approximately 1.0  cm from the 

antero superior iliac spine and supplies sensory innervation 
to the base of the penis and part of the scrotum (and compa-
rable areas in the female body). The penile skin and a small 
area of the scrotum are supplied by sensory fibers from the 
sacral plexus. When repairing a femoral hernia, more atten-
tion must be paid to the ilioinguinal nerve and the femoral 
branch of the genitofemoral nerve, which supply the upper 
thigh. The genitofemoral nerve originates from the first and 
second lumbar nerves to supply sensory fibers to the scrotum 
and upper thigh and motor fibers to the cremasteric muscle 
via the genital branch. The genital branch reaches the ingui-
nal canal at the internal abdominal ring. When performing 
herniorrhaphy under local anesthesia, pain is also felt when 
traction is applied to the sac or the spermatic cord or when a 
finger is inserted into the peritoneal cavity. Knowledge of 
this anatomy is also paramount during the operation to avoid 
injury to these nerves and thusly postoperative inguinodynia 
(see below).

A simple five-step method has been advocated for the use 
of local anesthetic during inguinal herniorrhaphy. Appropriate 
use of this method requires minimal IV sedation with 
Midazolam and does not necessarily require monitoring or 
the use of anesthesia staff. A 50:50 mixture of 1% Lidocaine 
and 0.5% Bupivicaine is used. (1) Approximately, 5 mL of 
solution is injected subdermally along the entire length of the 
proposed incision. (2) A skin wheal is then raised using an 
additional 3 mL along the same path. (3) A total of 10 mL is 
then injected subcutaneously 2 cm apart. (4) After making 
the skin incision and beginning to expose the external oblique 
fascia, 10 mL of solution is injected directly underneath the 
fascia. This bathes the entire inguinal canal and should anes-
thetize all three major nerves in this area. (5) Additional 
injections of a few milliliters of solution may also be injected 
into the pubic tubercle and the hernia sac and additional 
solution may be used to bathe the incision prior to closure of 
the external oblique as well as the skin (Fig. 70.6a, b) [35].

In this era of cost analysis and health-care economics, 
inguinal herniorrhaphy is becoming predominantly an outpa-
tient procedure. Even though outpatient general anesthesia is 
possible, local block facilitates earlier ambulation and is asso-
ciated with fewer immediate postoperative complications.

Tissue Repairs

Inguinal hernia repair has previously been dominated by an 
anterior, open approach that was first proposed by Bassini, 
who introduced the concept of repair of the inguinal floor in 
1887. This basic tenet of hernia repair has undergone many 
modifications, with various combinations of suturing the 
transversalis fascia, conjoined tendon, internal oblique, or 
transversus abdodinis to the inguinal or Cooper’s ligament. 

Figure 70.5  Nerve supply to the groin (from Mulvihill; Surgery: Basic 
Science and Clinical Evidence; 2001, reprinted with kind permission of 
Springer Science + Business Media).
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The choice of herniorrhaphy technique must take into account 
the risk of recurrence and patient tolerance of the procedure. 
The actual rate of recurrence is difficult to establish. There 
are, however, no randomized, prospective studies comparing 
the various techniques with comparable lengths of follow-up 
in the world’s literature. The best reported recurrence rates 
by conventional tissue repairs range between 1 and 20%. 
Prospective data on hernia repair in the elderly are even more 
difficult to interpret. There is no good evidence that the 
choice of technique significantly affects outcome. There is, 
however, a general move away from tissue repairs toward 
“tension-free” repairs using synthetic patches.

Synthetic Repairs

In 1909, McGavin was the first to use a prosthetic material, a 
filigree of silver wire, to repair an inguinal hernia [36]. 
Throckmorton introduced tantalum gauze for use when there 
was insufficient tissue for adequate primary tissue repair. 

This material, however, did not prove to be durable. During 
the 1950s and 1960s, Usher et al. used polypropylene mesh 
to bolster primary tissue repairs of direct and indirect hernias 
[37–39].

The premise behind using synthetic materials is to provide 
a tension-free repair with fewer recurrences and a quicker to 
return to normal activity. It was not until 1986, with the pub-
lished work of Lichtenstein and Shulman, that synthetic mesh 
became accepted for primary hernia repair without approxi-
mation of the underlying hernia margins (Fig.  70.7) [40]. 
With this technique, one single layer piece of mesh is secured 
over the inguinal floor with a slit to go around the internal 
ring. Data regarding recurrences with a particular hernia 
repair technique can be difficult to interpret because so much 
of it comes from specialized hernias center. However in a 
recent study comparing the Shouldice (a tissue repair) and the 
Lichtenstein repair in a general surgery practice, recurrence 
rates for the mesh repair were 0.7% compared to 4.7% for the 
tissue repair [41]. A meta-analysis comparing over 11,000 
patients from various institutions demonstrated an overall 
recurrence rate of 2.0% for Lichtenstein mesh repair com-
pared with 4.9% for various tissue repairs and persistent groin 
pain in 5.1 and 10.1% of patients, respectively [42].

Since the institution of the Lichtenstein method was first 
described, a multitude of other methods have attempted to 
supplant it. The plug-and-patch system was first described in 
1993 and utilizes a polypropylene mesh plug to obliterate the 
defect in the internal ring or the inguinal floor. An additional 
patch is often used to provide additional support to the 
inguinal floor (Fig. 70.8) [43]. Recurrences remain as low as 

Case Study:  Part 4

Many of the veteran’s friends have undergone hernia 
repairs and he has heard about the use of synthetic 
materials in the repairs. He is concerned about the 
use of a foreign material and wants the best and most 
up-to-date method for repairing his hernia.

Figure 70.6  (a) Making the skin wheal. (b) Subfascial infiltration.
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the Lichtenstein method but complications of plug migration 
and shrinkage were reported [44]. This remains a simple and 
viable method for hernia repair. The Kugel Patch consists of 
two layers of mesh placed preperitoneally through an ante-
rior approach, thus placing the mesh where it would be 
placed during a laparoscopic approach. A small muscle split-
ting incision is used to gain access to the pre-peritoneal space 
[43]. Though initial results were very promising showing a 
recurrence rate of 0.45, these results have never been repro-
duced and there is a very steep learning curve with recur-

rence rates as high as 18.2% in the initial learning period and 
rates as high as 27.8% for recurrent hernias [45, 46].

The Prolene Hernia System (PHS) is another method of 
prosthetic repair. It consists of two pieces of mesh that serve 
to overlay and underlay the inguinal floor attached by a 
mesh connector that is placed either through the internal 
ring or a defect in the transversalis fascia. The benefits of 
the PHS are that it touts to repair indirect, direct, and femo-
ral hernias all at once by covering the entire myopectineal 
orifice preperitoneally [43]. Theoretically, this should reduce 
hernia recurrence through the lateral triangle of the orifice. 
As of now, studies demonstrating long-term recurrences 
with the PHS have not been performed but preliminary 
results show similar operating times and short-term recur-
rence rates as both the Lichtenstein and plug-and-patch 
methods. Some studies have demonstrated less pain with the 
PHS (Fig. 70.9) [47, 48].

Currently there are no studies comparing any of the above 
techniques specifically in the elderly population. In fact, the 
majority of studies exclude elderly patients or those with 
elevated ASA status. It would stand to reason though that 
any repair amenable to local anesthesia with a relatively 
short operating time would suit the elderly population well. 
Currently all of the above techniques qualify.

Laparoscopic Repairs

Shortly after the success of laparoscopic cholecystectomy 
became apparent, surgeons began to apply minimal access 
techniques to a wide variety of other surgical procedures. 
This approach has become generally accepted for some pro-
cedures, whereas for others there is still considerable dis-
agreement. Hernia repair is one of the latter group. Although 
some skilled laparoscopists prefer the approach for all ingui-
nal hernias, many others believe the benefits do not outweigh 
the risks, particularly in the elderly.

The advantages of laparoscopic inguinal herniorrhaphy 
include less postoperative pain, reduced recovery time and 
earlier return to full activity, easier repair of recurrent hernia 
through unoperated tissues, the ability to treat bilateral 
inguinal hernias simultaneously through a single set of inci-
sions, and improved cosmesis [49–52].

Figure 70.7  Lichtenstein repair (from Fitzgibbons RJ, Jr., Abdominal 
Wall Hernias, Fig.  8. Available at: http://knol.google.com/k/bob/
abdominal-wall-hernias/Ilo7ZexB/MyZquQ#What_is_an_abdominal_
wall_hernia(3F). Reprinted with kind permission of Springer Science + 
Business Media).

Figure  70.8  Plug and patch repair (from Mulvihill; Surgery: Basic 
Science and Clinical Evidence; 2001, Chap. 43; reprinted with kind 
permission of Springer Science + Business Media).

Case Study:  Part 5

On further examination, our veteran has a small 
asymptomatic hernia on the opposite side. He wants 
to get them both repaired at once but is worried about 
the increase in pain and inactivity if he has incisions 
in both of his groins.
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The laparoscopic approach to the inguinal hernia may be 
performed by either a transabdominal preperitoneal (TAPP) 
approach or a totally extraperitoneal (TEP) approach. In a 
TAPP repair the abdomen is entered in the typical laparo-
scopic fashion and once anatomy is appropriately identified 
a peritoneal flap is made. The hernia sac is then reduced and 
dissected free. A piece of mesh is then rolled out over the 
entire myopectineal orifice and in most instances is tacked in 
place being careful to avoid the bladder and the epigastric 
vessels. The peritoneal flap is then replaced and tacked in 
place as well (Fig. 70.10). In the TEP repair the preperitoneal 
space is entered. This is most often done with a balloon 
dissector placed through the umbilical port (Fig.  70.11). 

Once the preperitoneal space is insufflated the anatomy of 
the groin is identified and the hernia sac dissected in a similar 
fashion as the TAPP repair. Mesh is placed and may be tacked 
in place. Any defects in the peritoneum are repaired. Previous 
lower abdominal incisions and radiation are a relative contra-
diction to the TEP repair, due to the difficulty of dissecting 
the peritoneum free from the abdominal wall [53].

The difficulty when operating from either of these 
approaches is the ability to obtain adequate exposure of the 
inguinal anatomy. Most recurrences are due to incomplete 
dissection of the region or inadequate placement of mesh to 
cover the defect. The TAPP repair provides the largest 
operating space and the most unobstructed view of the 
inguinal region and is probably the procedure of choice 
when learning to perform laparoscopic herniorrhaphy and 
master the elements of the preperitoneal space. There is no 
doubt that the more proficient a surgeon is in either of these 
techniques the fewer complications they will encounter. 
A  recent study examining the experience of the surgeon 
demonstrated that surgeon age (>45 years old) and laparo-
scopic inexperience were risk factors for recurrence; how-
ever, the only risk factor for recurrence in open mesh repairs 
was a PGY level <3 [54].

A meta-analysis performed in 2003 examined 41 facilities 
with a total of over 7,000 patients comparing open to laparo-
scopic herniorraphy. Operating time was longer for the 
laparoscopic groups. The rate of injury, both visceral and 
vascular, was higher in the laparoscopic groups but was 
consistent (<0.3%) for both groups. Return to work, postop-
erative pain and postoperative numbness were both signifi-
cantly decreased in the laparoscopic group [55].

Figure 70.9  Placement of the Prolene Hernia System.

Figure 70.10  View of inguinal 
anatomy (printed with 
permission from Charles H. 
Booras, M.D., All about Inguinal 
Hernias: Symptoms and Causes 
5/16/98 http://jaxmed.com/
articles/surgery/inguinalhernia.
htm).
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There are some significant disadvantages to the laparo-
scopic approach. Laparoscopic herniorrhaphy requires gen-
eral anesthesia, is frequently performed by a transperitoneal 
route, is technically more difficult to understand and learn 
than mesh repairs, and in most hands, takes considerably 
longer. In comparisons of anesthetic techniques for open her-
nia repair, general anesthesia in the elderly is associated with 
far higher complication rates than local anesthesia. Therefore, 
the need for general anesthesia alone could obviate most of 
the benefits of the laparoscopic approach in some elderly 
patients. In addition, the transperitoneal route exposes the 
patient to the risk of inadvertent bowel injury, which in any 
age group could be devastating. Although the increased time 
to return to full activity may be an important consideration in 
a young person, the length of recovery may not be as impor-
tant in old patients so long as mobility is not significantly 
compromised. Postoperative pain after the tension-free open 
approach is rarely severe enough to curtail activity.

There are a paucity of studies specifically involving the 
elderly population and laparoscopic hernia repair. One study 
evaluated 110 patients over 65 years old with an ASA of either 
2 or 3. Operative time was longer than that for open repairs; 

however, return to work was similar. Fifteen percent of patients 
experienced complications, the overwhelming majority of 
which were urinary retention. There was an alarmingly high 
recurrence rate of 9.7%. Hospital length of stay correlated 
with ASA status, but recurrences, complications, and return to 
activities did not [56]. Though the overall conclusion of this 
paper was that laparoscopic hernia repair in the elderly was 
safe, there was no assertion that it was in fact superior to open 

Case Study:  Part 6

The veteran decided to postpone his surgery but was 
then lost to follow-up. He returned to the Emergency 
Room 2 years later stating that his hernia is now “stuck 
out” he is having significant pain from it. He cannot 
remember the last time he had a bowel movement. On 
exam, his hernia is incarcerated, and due to some ery-
thema over his groin there is concern for strangulation. 
He is taken urgently to the operating room.

Figure  70.11  Use of balloon dissector during TEP repair (from Mulvihill; Surgery: Basic Science and Clinical Evidence; 2001, Chap. 43; 
Fig. 43.18, reprinted with kind permission of Springer Science + Business Media).
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repair in this population. A review of laparoscopic surgery in 
geriatric patients reached the same conclusions [57]. It is clear 
that until further investigation is performed, laparoscopic her-
nia repair in the elderly should be reserved for the most expe-
rienced surgeons and the most appropriate patients, those with 
lower ASA status and recurrent or bilateral hernias.

Emergency Repair

The consequences of emergency surgery in the elderly popu-
lation cannot be understated. There is a threefold increase in 
morbidity and mortality after emergent operation, regardless 
of the type of procedure [58]. Accordingly, there is also an 
increase in the need for intensive care and extended hospital 
stay in these patients, as well as rehabilitative services.

A representative study reports incidence of incarcerated 
inguinal hernia as 16.8% in patients over age 65, compared 
to only 4.4% in younger patients [59]. Unfortunately, acute 
incarceration and the sequela, strangulation, are also less 
well tolerated in the elderly. Strangulation occurs when the 
blood supply to the incarcerated organ becomes occluded at 
the neck of the hernia sac. Initially there is venous compres-
sion with subsequent edema, venous occlusion, and eventu-
ally arterial occlusion. Strangulation occurs in 1.3–3.0% of 
all groin hernias, most often in the elderly and children [60]. 
Indirect inguinal and femoral hernias are the most likely her-
nias to strangulate. The probability that an indirect inguinal 
hernia will strangulate is reported as 2.8% within 3 months 
of diagnosis and 4.5% after 2 years, compared to 22% at 3 
months and 45% at 21 months for femoral hernias [61].

Kuleh et al. examined risk factors for strangulation and 
bowel resection in elderly patients with acutely incarcerated 
hernias. In examining 189 patients over 65 years old, it was 
found that femoral hernias were more frequently strangu-
lated and required bowel resection at presentation. Although 
males were more likely to present with incarcerted hernias, 
females were likely to have strangulated hernias, possibly 
due to the increase in femoral hernias in this population. Late 
admission was also a significant risk factor for strangulation, 
bowel resection, and hospital stay. Morbidity increased from 
15 to 33% when admission was delayed 48 h after symptoms 
began, and mortality increased from 2 to 9%. ASA status >3 
was only a risk factor for prolonged hospital stay and mor-
bidity but not mortality [11].

The approach to an incarcerated hernia in the elderly 
depends on the nature of the incarceration. Chronic incar-
cerations pose less of a threat of strangulation and can be 
treated on an elective basis. Acute incarcerations, on the 
other hand, require immediate surgical treatment. Forceful 
attempts at nonoperative reduction may result in an en masse 
reduction of a compromised loop of intestine within the 

hernia sac. This ischemic bowel may not produce significant 
abdominal findings in the older patient until full-thickness 
necrosis and perforation occur. Any patient with skin changes 
or systemic symptoms – tachycardia, hypotension, fever, 
leukocytosis, or lactic acidosis – should raise suspicion for 
progression to strangulation.

The type of repair for incarcerated hernias depends to 
some extent on the viability of the contents of the hernia sac. 
A general or regional anesthetic is usually necessary. In the 
presence of inflammation, local anesthetic agents are usually 
not effective. In addition, the muscle relaxation provided by 
regional or general anesthesia may facilitate reduction of the 
incarcerated organ. If the incarceration is of short duration 
and there is no erythema or induration of the overlying skin 
suggesting strangulation, the choice of approach is less criti-
cal. Open anterior repair, which allows careful inspection of 
the sac contents outside the peritoneal cavity, is usually pre-
ferred. Frequently, a recently incarcerated hernia is reduced 
spontaneously or with minimal force when anesthesia is 
induced. In this setting, identifying the incarcerated loop of 
bowel through the hernia defect may be difficult but is usu-
ally not impossible. Skilled laparoscopists may prefer to 
inspect the bowel and repair the hernia laparoscopically 
through a transperitoneal approach. A recent study examin-
ing TAPP repair of 28 strangulated inguinal hernias demon-
strated a conversion to open rate of 10.7%, for either extensive 
adhesions or bowel distention. Morbidity was only 4% and 
there were no deaths or recurrences [62]. The same precau-
tions mentioned previously for laparoscopic herniorrhaphy 
should be considered here.

If the incarceration is of longer duration or there are signs 
of local inflammation suggestive of strangulation, an open 
procedure is safest and most expeditious. Many surgeons pre-
fer a direct anterior approach to the hernia. If ischemic bowel 
is found in the hernia sac, resection can generally be accom-
plished through the hernia defect. The not infrequent need to 
use synthetic materials to repair the hernia defect in the pres-
ence of dead bowel creates a difficult clinical dilemma. Every 
attempt is then made to repair the defect with tissue rather 
than synthetic material, accepting the higher risk of recur-
rence in exchange for a lower chance for infection. Others 
advise that if there is high suspicion for compromised bowel 
preoperatively, a small lower midline laparotomy or laparos-
copy should be performed for more careful inspection of the 
bowel and a more controlled resection. After the abdomen is 
closed, an open anterior repair of the hernia with mesh can be 
accomplished through a reprepared field.

A new innovation in hernia repair is the use of acellular 
dermal matrix. Most often made of cadaveric or porcine skin, 
these biologics are composed entirely of basement membrane 
and collagen bundles. They are highly resistant to infection 
and have been used for the repair of ventral hernias for years. 
They are uniquely helpful when there is compromised bowel 
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and the potential for contamination. A small retrospective 
study examined 12 patients with strangulated hernias and 
contaminated operative fields where bio-prosthesis (specifi-
cally Alloderm™) was used. Two patients developed superfi-
cial wound infections that were treated conservatively and in 
a short follow-up there were no recurrences [63]. This may 
represent a viable option in elderly patients with compro-
mised bowel to avoid further infectious complications.

Recurrence

When performing hernia repairs, the primary focus of suc-
cess is determined by the incidence of recurrence. There is a 
wide variation in the time frame over which recurrences are 
reported. There is, however, general agreement that follow-
up should be at regular intervals and recurrence determined 
by direct examination rather than by patient report. Hernias 
recur for one or more reasons: tension on the tissues created 
by the repair, inherent abnormalities in collagen that predis-
pose to the development of new hernias, an unrecognized 
second hernia component at the time of the initial repair 
(usually a small indirect component), and technical error.

Hernia recurrences can be classified as early or late. Most 
early recurrences are due to undue tension on the repair. For 
instance, when a hernia is due to a defect of the musculofas-
cial abdominal wall, covering the defect with endogenous 
tissues results in suturing together tissues that are not nor-
mally juxtaposed. This then subjects these structures to 
undue tension [64]. Suture lines under tension exhibit an 
inadequate fibroblastic response for healing, which results in 
a weak scar and a subsequent recurrence of the hernia. 
Furthermore, these suture lines are subject to the same degen-
erative process that resulted in the initial herniation. The 
increasing use of tension-free repairs has significantly 
reduced this type of recurrence.

Late recurrences are usually due to missed components or 
new hernias at the site of a previous repair or in a new loca-
tion. This type of recurrence is more appropriately termed 

reherniation. Following a mesh repair, reherniation occurs 
because the mesh was not sutured in place or it was not of 
sufficient size to cover beyond the inguinal floor. Progression 
of tissue degeneration is of great concern and can be com-
pensated for by placing a large sheet of mesh underneath 
the external oblique aponeurosis well beyond Hesselbach’s 
triangle. This dissection is extensive but can be necessary, 
particularly in some patients with severe tissue loss. This  
is of particular importance when performing a preperitoneal 
or laparoscopic repair. Appropriate and extensive dissection 
of the entire myopectineal orifice is necessary to facilitate 
choosing the right size mesh and performing appropriate 
fixation. The most common causes of failure are mesh 
size being too small or inappropriate fixation either infero-
medially or infero-laterally [65, 66]. Another study found 
that the vast majority of recurrences after laparoscopic herni-
orrhaphy were medial. For this reason a large piece of mesh 
should be chosen, sufficient enough to cross the midline with 
multiple tacks in the pubic tubercle and Cooper’s Ligament 
(Fig.  70.12). Bilateral hernias should be managed with a 
single piece of mesh, large enough to cover both groins, the 
so-called bikini repair [67].

Risk factors for recurrence of hernias are similar to those 
for the formation of primary hernias. It would stand to reason 
that the elderly would be more susceptible to recurrence 
because of an increased risk of those factors already known 
to cause hernias: Obesity, chronic cough, constipation, blad-
der outlet obstruction, and general degradation of tissue. Age 
>50 has been shown to be an independent risk factor as well. 
Those undergoing repair for a recurrent hernia are at greater 

Case Study:  Part 8

The veteran was an appropriate candidate for a lap-
aroscopic repair and during his TAPP repair was 
noted to have a small indirect hernia on the opposite 
side. Both the recurrence and the incidental hernia 
were repaired laparoscopically with mesh.

Case Study:  Part 9

Two weeks after the above-mentioned laparoscopic 
repair, the patient is still complaining of significant 
pain. Rather than incisional, his pain shoots down his 
medial thigh. On physical exam there is no evidence 
of occurrence or infection, but there is significant 
numbness in the skin over his thigh.

Case Study:  Part 7

The veteran underwent a mesh repair of his incarcer-
ated hernia and did not require bowel resection. He 
followed up in clinic for a few months but once again 
became lost to follow-up. He called the general sur-
gery clinic 3 years later to say he thought his hernia 
was back. The resident on call reminds him of the 
signs and symptoms of incarceration and makes an 
appointment for him the following week.
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risk for recurrence than those undergoing a primary repair, as 
are those with two or more relative who also suffered from a 
recurrence [68].

Inguinodynia

As recurrence rates continue to decrease with advances in 
inguinal hernia repair techniques, a greater emphasis is being 
placed on other complications of the surgery. The most com-
mon is inguinodynia or inguinal pain. Although not proven, 
the potential causes include partial transection or entrapment 
of a nerve, which eventually leads to neuroma formation and 
chronic pain. In an open repair the most common nerves 
involved are the ilioinguinal, iliohypogastric and genital 
branch of the genitofemoral nerve. All three of these nerves 
supply sensation to the genitals and medial upper thigh. Refer 
to the previous section on anesthesia for a more in-depth dis-
cussion of this anatomy. The nerves most commonly injured 
during laparoscopic herniorrhaphy are the lateral femoral 
cutaneous nerve (supplying the upper lateral thigh), and the 
femoral branch of the genitofemoral nerve (supplying the skin 
over the femoral triangle). These nerves lie near each other in 
a space nicknamed the “triangle of pain” (Fig. 70.13).

Figure  70.12  Appropriate placement of mesh in a laparoscopic hernia repair (from Online Laparoscopic Technical Manual, Laparoscopic 
Inguinal-Femoral Hernia Repair, Step 5, Deploying and Anchoring the Mesh; http://www.laparoscopy.net/inguinal/ingher11.htm).

Figure 70.13  Triangles of doom and pain – representing where injuries 
to vessels and nerves occur, respectively, during a laparoscopic inguinal 
hernia repair (from [92] © Moore and Hasenboehler; licensee BioMed 
Central Ltd. Available from: http://www.pssjournal.com/content/1/1/3).
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A study from the Swedish Hernia register examined 
3,000 patients undergoing unilateral primary hernia repair. 
All techniques (tissue, mesh, laparoscopic) were exam-
ined. Overall 30% of patients were still experiencing pain 
over a year after surgery and 6% were having significant 
enough pain to impair their activities of daily life. Risk 
factors for inguinodynia included age, with those >59 years 
old having significantly less pain than those younger (21 
vs. 33%). Patients having pain prior to their operation were 
more likely to continue to experience pain afterwards. 
Operative technique was also important. Anterior 
approaches, either tissue repair or mesh repair, had the 
highest incidence (~30%), whereas preperitoneal repair, 
either open or laparoscopic, had a significantly lower 
incidence (~20%) [69].

During an open repair careful dissection and identifica-
tion of all the nerves is the best way to avoid injury. If injury 
is already suspected, complete transection of the nerve is 
preferable. During laparoscopic repair careful dissection is 
also important, as well as judicious tack placement avoiding 
the “triangle of pain.” Some have advocated not securing the 
mesh, which effectively alleviates this problem [23]. Recent 
studies have advocated prophylactic ilioinguinal neurec-
tomy during open hernia repair. A double-blind randomized 
study showed a significant reduction in groin pain in the 
neurectomy group (8 vs. 28%) without any difference in 
postoperative numbness [70].

Patients suffering from injury to these nerves typically 
have pain in the immediate postoperative period, which 
intensifies over the next few weeks. In most cases it will 
regress over 2 months. Initial management consists of injec-
tions of local anesthetic and corticosteroids, as well as anal-
gesics and anti-convulsants. In refractory cases the surgical 
treatment of choice is a triple neurectomy of the ilioinguinal, 
iliohypogastric, and genitofemoral nerves. This has shown 
85% complete resolution and 15% partial resolution of pain 
in some case series [71].

Other Hernias

Although groin hernias are by far the most common, there 
are several other types of hernias that are also of concern in 
the elderly: some because of the frequency and technical 
challenge they present, and others because they are relatively 
uncommon and are not discovered until they incarcerate.

Incisional Hernias

Incisional hernias in the elderly are common and can often 
be challenging to repair. The incidence of hernias in patients 
with a midline surgical incision is 2–11% [72]. The etiology 
of these hernias is often multifactorial. Wound infection, 
suture failure, malnutrition, increased age, obesity, excessive 
straining, smoking, ascites or peritoneal dialysis, chemother-
apy, steroids, and tension on the wound closure are factors 
that have been implicated. The symptoms of incisional hernia 
often begin with a noticeable bulge in a previously healed 
incision. Incarceration is the presenting symptom in 17% of 
patients leading to a perioperative mortality rate three times 
higher than that for elective repair [73].

Technically, these hernias may be challenging for several 
reasons. First, it is possible for most of the abdominal con-
tents to become a fixed part of the hernia, which may result 
in a decrease in the intra-abdominal compartment volume. 
This in turn complicates complete reduction of the contents 
at the time of repair. This is known as a loss of domain. 
Second, the defects are usually multiple, reflecting failure of 
wound healing throughout the length of the incision. 
Identifying all the defects in the “Swiss cheese”-type abdom-
inal wall and freeing all of the underlying adhesions may be 
tedious and time-consuming. Finally, extreme care must be 
exercised not to enter the bowel lumen during dissection 
because most incisional hernias are large and require syn-
thetic materials for repair without tension. Biologic materials 
mentioned previously are now used to repair these hernia 
defects, especially in the presence of the contaminated oper-
ative field. They may also be used to overlay primary repairs 
to provide additional stability to weakened tissues, not 
uncommon to the elderly.

Laparoscopic techniques are being used with increased 
frequency to repair these large defects. Unlike laparoscopic 
inguinal hernia repair, there is a clear benefit to utilizing this 
technique in elderly patients, as long as preexisting co-
morbidities does not preclude the use of laparoscopic tech-
niques. A recent meta-analysis shows that operative times 
are similar between open and laparoscopic groups while 
complications and hospital length of stay were significantly 
decreased in the laparoscopic group [74].

Case Study:  Part 10

Initial conservative management with anti-inflammatory 
medications fail to alleviate the veterans pain. He is 
seen again 1 month later and lidocaine injection is 
prescribed. At 6 month follow-up his pain has been 
largely relieved and his quality of life has returned to 
normal.



92170  Abdominal Wall Hernia in the Elderly

Umbilical Hernias

The umbilical hernia was first noted in 1 ad by the Hindu 
physician Charaka, who mistakenly believed it to be an 
abdominal tumor. The treatment of umbilical hernia has run 
the gamut from external compression devices to amputa-
tion. Umbilical hernias occur in 10–30% of live births but 
defects <2  cm are likely to close spontaneously. When 
repairs become necessary they are performed primarily. In 
adults, umbilical hernias occur through an umbilical canal 
that is bordered by the umbilical fascia, the linea alba, and 
the two rectus sheaths [75]. Because of the tight limitations 
of this canal, this type of hernia is apt to incarcerate and 
strangulate. For years the “vest over pants” method of  
repair as first described by Mayo was the standard of care. 
As with inguinal hernias, mesh repairs have begun to sup-
plant primary repairs. There are a variety of meshes avail-
able, from simple sheets, to plugs and a combination of the 
two. Studies have shown that while complication rates 
between primary and mesh repairs are similar, recurrence 
rates are vastly lower in mesh repairs, 1% compared to 11% 
for primary repairs [76].

Umbilical hernias are common in cirrhotic patients and in 
those with ascites of other etiologies because of the increased 
intra-abdominal pressure against a thinned umbilical ring 
and fascia. An incidence as high as 24% has been reported in 
this patient population [77]. Umbilical hernia is also an 
important consideration in patients on peritoneal dialysis. 
Dialysis must be interrupted and ascites controlled prior to 
repair to decrease the incidence of recurrence. There are sig-
nificant difficulties in closing this type of hernia, in order to 
prevent complications such as ascitic leak, wound infection 
and recurrence. Therefore every effort should be made to 
avoid strangulation and protect the thin skin over the defect. 
When necessary, these hernias may be repaired under local 
or regional anesthesia. Primary repair is optimal, but occa-
sionally a prosthetic or biologic material is needed for ten-
sion-free closure.

Richter’s Hernia

A partial enterocele is a form of hernia that bears the name 
Richter’s hernia after August Gottlieb Richter, who first 
described it in 1785. This hernia is unique because only one 
side of the bowel wall becomes entrapped in the hernia defect 
(Fig 70.14). The classic signs and symptoms of small bowel 
obstruction that usually accompany incarceration are absent. 
The first indication of the incarceration may not become 
apparent until strangulation and necrosis occur. There is 
some concern that the incidence of Richter’s hernia may be 

increasing as laparoscopic surgery becomes more prevalent. 
Small port-site hernias are the perfect size to involve only a 
small portion of the bowel [78].

Kadirov and associates reviewed 350 incarcerated her-
nias at their institution between 1977 and 1994 [79]. Of the 
350 patients, 14 had Richter’s-type hernias (4%). These 14 
cases were compared to 14 non-Richter’s incarcerated her-
nias matched for location of the hernia and the age and sex 
of the patient. The average patient’s age was 69 years. In the 
Richter’s group, there was a significantly longer delay to 
diagnosis and treatment (15.8 vs. 4.4 h). As a result of this 
delay, 50% of the Richter’s hernias required bowel resection 
compared to only 7.1% of the non-Richter’s incarcerations. 
Mortality reflected the degree of established sepsis by the 
time of operation, with 21.4% of Richter’s patients dying; 
none of the non-Richter’s patients succumbed. Imaging 
modalities add little to the diagnosis of a Richter’s hernia. 
Only astute clinical examination and a high level of suspi-
cion identify these hernias before devastating necrosis and 
perforation have occurred, especially devastating in the 
elderly population.

Obturator Hernias

Arnaud de Ronsil first described the obturator hernia in 1724 
at the Royal Academy of Science in Paris. This hernia is rare, 
accounting for 0.05% of all hernias and 0.2% of bowel 
obstructions [80]. It is usually found in frail, elderly debili-
tated women, but may also be associated with profound 
weight loss in other groups. Obturator hernias may be 

Figure 70.14  Richter’s hernia (from [93], reprinted with permission of 
the American Journal of Roentgenology).
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bilateral or associated with hernias through the femoral 
canal. The obturator foramen, through which the hernia 
occurs, is the largest foramen in the body. The obturator 
membrane, however, occludes most of the foramen. The 
obturator canal consists of a 1–2  cm long and 1  cm wide 
opening in the superolateral part of the foramen. Usually, 
this canal is obliterated with fat, which prevents herniation of 
abdominal contents. In the frail and malnourished, this fat 
disappears and the potential space is unmasked.

A preoperative diagnosis is difficult because the com-
plaints are not specific and the physical manifestations are 
minimal. A history of symptoms suggestive of intermittent 
or partial intestinal obstruction may be elicited. The 
Howship–Romberg sign – pain radiating down the medial 
aspect of the leg to the knee due to compression of the obtu-
rator nerve – is pathognomonic and is present in up to 50% 
of cases [23]. However, this sign is often overlooked in the 
elderly or attributed to other causes. The optimal way to look 
for an obturator hernia is with the patient supine and the 
thigh flexed, abducted, and externally rotated. The hernia 
mass is often concealed underneath the adductor muscles in 
the thigh. Occasionally, it is possible to feel a small mass on 
vaginal or rectal examination. The four indicators of obtura-
tor hernia – intestinal obstruction, Howship–Romberg sign, 
prior similar symptoms, a palpable mass on vaginal or rectal 
examination – are rarely seen together.

Ijiri and colleagues reviewed 17 obturator hernias [81]. 
There were 16 women and 1 man with an average age of 
79.9 years (range 69–89 years) and an average body weight 
of 35 kg (range 25–43 kg). The average duration from onset 
of symptoms to surgery was 6 days (range 1–13 days). The 
diagnostic modalities ranged from computed tomography 
(CT) scans to exploratory laparotomy. The diagnosis of an 
obturator hernia was made in eight of eight cases when CT 
scan of the pelvis was performed (Fig. 70.15). An additional 
study showed that the use of CT decreased the time from 
symptoms to surgery by 3 days. In addition, bowel resection 
was performed half as often, and perioperative mortality 
decreased from 30 to 5%. This highlights not only the utility 
of CT scans in the diagnosis of obturator hernias but also 
the benefit of early diagnosis [82]. Others have supported 
the use of Ultrasonography, especially in the diagnosis of 
strangulation [83]. Even so diagnosis is only made prior to 
laparotomy in 10% of cases, and surgery should not be 
delayed while attempting to make the diagnosis.

Primary repair of an obturator hernia is impossible 
because the surrounding tissues are immobile. Some studies 
have reported using sac ligation alone or flaps of bladder, 
periosteum, uterine ligament, or rib cartilage to close 
the  defect [84–86]. These repairs are unsuitable for large 
or  bilateral hernias and may lead to postoperative pain 
and  bladder dysfunction. A synthetic material is usually 
necessary. A plug system has been described as tension free 

and easy to perform; however, there is the potential for 
chronic obturator neuralgia [87]. If the diagnosis has been 
established preoperatively, the most suitable approach is an 
open preperitoneal repair, as described by Stoppa et al. [88]. 
With this repair, a large piece of mesh is placed extraperito-
neally to cover both sides of the pelvic floor. If the viability 
of the incarcerated bowel is questioned once the hernia is 
reduced, the peritoneum may be opened. In the usual case 
where the diagnosis is not known preoperatively, an initial 
transabdominal approach with a preperitoneal mesh repair is 
optimal. The use of laparoscopic methods has also been 
described, but there is no current data supporting benefits of 
this approach.

Spigelian Hernias

The Spigelian hernia, another unusual abdominal wall her-
nia, is named for Adriaan van den Spiegel, who was the first 
to describe the semilunar line. The semilunar line is the 
demarcation from muscle to aponeurosis in the transversus 
abdominis muscle. Protrusion of a peritoneal sac, organ, or 
preperitoneal fat from its normal location through this 
aponeurosis, is termed a spigelian hernia. These hernias are 
usually superior to the inferior epigastric vessels. Once they 
enter Hesselbach’s triangle, they are termed low Spigelian 
hernias. These hernias are often located within different 
aspects of the abdominal wall and may also be termed inter-
parietal, interstitial, intermuscular, intramuscular, or intra-
mural. Most Spigelian hernias occur in individuals 40–70 
years of age.

Figure 70.15  CT scan of obturator hernia (reprinted with permission from 
[91], Copyright © Radiological Society of North America. Available at: 
http://radiographics.rsnajnls.org/cgi/content-nw/full/21/2/341/F8).
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The etiology of these hernias is most often related to the 
inherent weakness in the transversus abdominis aponeurosis. 
Increased intra-abdominal pressure further increases the 
incidence. Erect posture puts most of the pressure on the 
lower abdomen, which could be another cause of hernias 
in this region. In their earliest form, these hernias are small 
protrusions of fat or omentum with a peritoneal covering. 
They may progress to include more fat or even bowel. The 
symptoms are usually localized abdominal pain, although 
signs of obstruction or a palpable mass on the abdominal 
wall may occur.

The diagnosis is difficult in patients with defects too small 
to produce overt manifestations on the abdominal wall. It is 
best to examine patients by having them alternately tense 
and relax the abdominal wall.

Imaging studies are usually necessary to elucidate the 
source of the localized symptoms. Ultrasonography is a good 
method for determining a hernia orifice and locating hernia 
contents. CT scan may also be used to examine the abdomi-
nal wall, but the sections must be close together to enable 
localization of the hernia orifice. Helical CT scans may 
increase the diagnostic yield. The CT scans may also provide 
information about the hernia sac and the nature of the abdom-
inal contents in the sac (Fig. 70.16).

When the hernia itself is palpable and open approach may 
be performed. There is often enough laxity in the surround-
ing tissues to allow for primary closure, although mesh can 
be used [23]. As with all hernia repairs there have been recent 
advances in the use of laparoscopic techniques for the repair 
of these hernias as well. A recent prospective randomized 
trial comparing open vs. extraperitoneal laparoscopic repair 
showed significant improvement in complications and 
hospital stay in the laparoscopic group [89].

Conclusions

Abdominal wall hernias in the elderly, whether common or 
unusual, are ultimately surgically correctable disorders. 
Recent studies have shown that watchful waiting is safe for 
asymptomatic or minimally symptomatic inguinal hernias. 
Other hernias wherein the fascial defect is large can also be 
managed nonoperatively if not symptomatic. Pain is fre-
quently what leads the patient to operative repair.

Elective repair of inguinal hernias, in particular, is safe 
even in patients with significant co-morbidity. With local anes-
thesia and tension-free repairs, nearly all patients can ambu-
late immediately; and they can obtain excellent pain control 
with minimal oral pain medication. Complications are uncom-
mon, and mortality is nearly zero in many large series. For 
elderly patients with significant co-morbidities, a complete 
preoperative evaluation of their fitness for surgery is in order.

Patients with chronically incarcerated hernias are not at 
significant risk for strangulation while those with an acute 
incarceration do have some risk of progressing to strangula-
tion. Therefore, acutely incarcerated hernias present more of 
an urgent to emergent situation and surgical consultation 
early in the patient’s course is of upmost importance.

Once strangulation has occurred, a hernia is no longer just 
a defect in the abdominal wall, and repair is not just patching 
the hole. The systemic consequences of bowel obstruction 
and ischemic tissue stress the limited reserves that define the 
physiologic state of the older patient. Once the inflammatory 
state is initiated, the cascade of events demands a response 
that the elderly are frequently unable to mount. Fluid and 
electrolyte imbalance, dehydration, and systemic sepsis 
become the major problems, and the mechanical issue of fix-
ing the hernia defect fades in comparison. Morbidity and 
mortality rates soar.

For those hernias that are rare or the presentation more 
obscure, an increased level of awareness is necessary to 
avoid the consequences of incarceration. Although we may 
have to accept the higher complication rates that accompany 
the unusual hernia, we should never allow the common her-
nia to progress from a simple mechanical problem to a deadly 
systemic illness.

Figure  70.16  Preoperative CT showing Spigelian hernia (from [94]. 
Available at: http://www.rcsed.ac.uk/Journal/vol45_3/4530046.htm).

Case Study:  Part 11

Despite his complicated course, the veteran has ulti-
mately returned to his normal level of activity. In 
follow-up he has had no further recurrences and he 
has had resolution of his inguinodynia.
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Almost a decade has past since the original publication of 
this reference work. As the population continues to enjoy 
increasing longevity, the need to consider the unique elements 
in the surgical care of those advanced in years becomes more 
evident. As was the case in my previous commentary, the 
two major issues are the substitution of physiologic status for 
chronologic age as a criterion for undertaking the more 
extensive elective resections of the liver and pancreas, and 
the broader application of minimally invasive procedures.

Laparoscopic cholecystectomy remains the gold standard. 
This has led to surgical training issues; namely, providing 
residents with experience in performing open cholecystec-
tomy. In reference to cholecystectomy, a new approach has 
been introduced. NOTES, Natural Orifice TransEndoscopic 
Surgery. Successful removal of the Gall bladder transendo-
scopically through the gastric wall remains a curiosity and 
has not gained broad enthusiasm. It is doubtful that it will. 
Endoscopic palliation of jaundice secondary to malignant 
obstruction of the extrahepatic bile ducts has become increas-
ingly successful.

Symptomatic nonparasitic cysts of the liver are preferen-
tially unroofed by laparoscopy. Similarly, smaller nonana-
tomic hepatic resections and segmentectomies are readily 
performed by minimally invasive techniques. With the intro-
duction of improved techniques of hemostasis during transec-
tion of the hepatic parenchyma, laparoscopic resection with 

hand-assist has been extended to hemihepatectomy. In regard 
to resection for primary and, in some instances, secondary 
hepatic malignancies, the argument continues as to whether 
major resection or orthotopic transplantation is preferable. 
Another visible change related to hepatic pathology is the 
disappearance of surgical portal-systemic procedures, which 
have been replaced by trancscutaneous intrahepatic portal 
systemic shunts (TIPS). But one recent assessment indicates 
that the operation is preferable.

An increasing number of pancreaticoduodenectomies are 
being performed disregarding the nodal status and the 
involvement of the adjacent major veins suggesting that bet-
ter palliation is achieved. This remains to be affirmed by irre-
futable evidence. Distal pancreatic resection is readily 
performed laparoscopically and several series of laparo-
scopic pancreaticoduodenectomy have been reported.

Splenectomy, in the face of a normal sized or minimally 
enlarged spleen should be performed laparoscopically. In the 
case of splenectomy for hematologic disease and particularly 
Idiopathic Thrombocytopenic Purpura deliberate inspection 
of the peritoneal cavity to identify accessory spleens is man-
dated. The massively enlarged spleens associated with 
myeloproliferative disorders are more safely removed by 
open operation and these patients should be protected by the 
preoperative administration of anti-platelet-aggregating 
drugs.
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The normal variation in physiologic parameters of the hepa-
tobiliary system and pancreas should be taken into account 
when managing an elderly patient. Appreciation of these 
alterations allows the surgeon to distinguish between 
expected physiologic variation and intercurrent pathophysi-
ology in the clinical setting. A review of normal versus 
expected aging hepatobiliary and pancreatic physiology, as 
well as a review of select pathophysiology, will be presented 
in these organ systems.

Liver and Biliary System

Liver Anatomy

The liver is the largest solid organ in the body and is situated 
in the right upper quadrant of the abdomen. Protected by the 
thoracic cage, its borders extend from the level of the nipples 
to slightly below the costal margin. The horizontal axis spans 
the right hemidiaphragm and a portion of the left hemidia-
phragm. The Couinaud nomenclature is currently accepted 
as the main classification system of liver anatomy, rather 
than historic classifications based on external topography 
(Fig. 72.1). The gross anatomical landmarks include the liga-
mentum teres (round ligament of the liver) which appears to 
divide the liver into a small left and larger right lobe. 
However, the anatomic classification divides the left and 
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Morphologic and physiologic changes in hepatolbiliary and pancreatic function observed in elderly persons

Parameter Change with age Functional impact

Liver
Organ size (absolute and relative) ↓ No significant change?
Hepatocyte number ↓ ↓ Metabolic function
Cell volume, ploidy, organelle constituents ↑ ↓ Metabolic function
Hepatic blood flow ↓ ↓ Metabolic function
Liver function tests No change No significant change?

Biliary system
Bile duct size ↑ None
Gallbladder contractility ↓ ↑ Gallstone incidence
Gallbladder absorptive capacity No change None
Cholecystokinin plasma levels ↑ No significant change?
Gallbladder cholecystokinin sensitivity ↓ No significant change?
Bile cholesterol saturation ↑ ↑ Gallstone incidence

Pancreas
Organ size ↓ None
Ductal size ↑ None
Acinar glands ↓ None
Exocrine function ? None
b-Cell function ↓ ↑ Incidence of glucose intolerance
Glucagon levels ↑? ↑ Incidence of glucose intolerance
Pancreatic polypeptide levels ↑ Unknown
↑, increased; ↓, decreased; ?, not proven or consistent
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right lobe of the liver based on Cantlie’s line, which repre-
sents the plane of the middle hepatic vein and the primary 
bifurcation of the portal vein. Cantlie’s line can also be 
visualized as the plane extending from the gallbladder fossa 
to the inferior vena cava. The liver benefits from dual vascu-
larization from the portal and systemic vasculature. The por-
tal vein, hepatic artery, and biliary ductal system generally 
run in parallel, each bifurcating just before entry into the 
hilum and sending major branches to each hepatic lobe. 
Couinaud’s functional anatomical classification divides the 
liver into eight segments according to the anatomic relation 
of portal vein and hepatic vein branches (Fig. 72.2) [1]. The 
right lobe is divided into an anterior and posterior segment 
by the right hepatic vein and the left lobe is divided into a 
medial and lateral segment by the left hepatic vein. The lobes 
are divided into their eight subsegments based on the trans-
verse plane through the bifurcation of the portal vein.

Hepatic Physiology

The liver is vital to a number of processes aimed at maintain-
ing health and homeostasis. The functions of the liver include 
detoxification, protein synthesis, bile acid synthesis, storage 

of substances, and metabolism of proteins, carbohydrates, 
and lipids. Whether toxins originate internally or result from 
external sources, the liver is integral in filtering the toxins 
from the blood. Toxins are cleared through a series of enzy-
matic reactions that render the toxins water- or fat-soluble, 

Figure 72.1  Anatomic division 
of the liver into right and left 
lobes by the interlobar line of 
Cantlie extending from the 
gallbladder fossa to the inferior 
vena cava. (From Feldman M 
et al (eds) (2006) Sleisenger & 
Fordtran’s Gastrointestinal and 
liver disease, 8th edn. Saunders, 
Philadelphia. Reprinted with 
permission from Elsevier).

Figure 72.2  Hepatic segmental anatomy as defined by Couinaud, based 
on the anatomic relation of the portal vein and hepatic vein branches 
(reprinted with permission from Blumgart LH (ed) Surgery of the liver 
and biliary tract. Edinburgh: Churchill Livingstone, © Elsevier, 1994).
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thereby allowing for their secretion in urine or bile. The 
liver’s production of bile further adds to the process of detox-
ification by providing a vehicle of export for various offend-
ing agents.

In addition to toxins, bile also transports bilirubin, choles-
terol, bile salts, and phospholipids to the intestinal tract for 
excretion. Moreover, bile acids aid in the digestion of fats, 
thereby facilitating their absorption. Approximately 
500–1,000  ml of bile is secreted per day. The amount of 
hepatocyte bile acid synthesis is the determining factor of the 
amount of secretion; however, additional secretion is aided 
by vagal stimulation, gastrin, secretin, and cholecystokinin 
(CCK) [1]. Once bile acids are excreted into the intestines, 
they undergo transformation into secondary bile acids. In the 
jejunum and ileum, these bile acids are then absorbed into 
the portal venous system and ultimately 90% are extracted 
by hepatocytes. This extremely efficient extraction of bile 
acids prevents their loss into the systemic circulation. 
The hepatocytes reconjugate the extracted product into the 
formation of new bile, thereby completing the circuit. This is 
referred to as the enterohepatic circulation of bile acids. The 
rate of new bile acid formation is therefore dependent on the 
rate of intestinal reabsorption and hepatocyte extraction. At 
the level of hepatocytes, bile is formed by the oxidation of 
cholesterol. The cholesterol secretion rate of the liver is 
dependent on the activity of two hepatocyte enzymes: 
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 
reductase, which catalyzes the rate-limiting step in the syn-
thesis of cholesterol, and cholesterol 7-a-hydroxylase, which 
converts hepatic cholesterol to bile salts. Dietary intake and 
availability of lipoprotein carriers also affect cholesterol 
metabolism. Although insoluble in water, cholesterol remains 
soluble in bile if the relative concentrations of bile salts and 
phospholipids are maintained within certain limits. As first 
presented by Admirand and Small in 1968, the solubility 
characteristics of cholesterol are depicted by plotting the per-
centages of bile constituents on triangular coordinates [2] 
(Fig. 72.3). The area under the curve represents relative per-
centages of bile constituents that are required to maintain 
cholesterol in solution. If the relative percentages fall outside 
this area, supersaturation and crystallization of cholesterol 
can occur, which of course, can be a prelude to gallstone 
formation.

Carbohydrate metabolism is centered in the liver where it 
manages the surplus or deficit of metabolic fuels by engag-
ing in storage or distribution of glucose. Both the liver and 
muscle are capable of glucose storage; however, only the 
liver is involved in the conversion of glycogen to glucose for 
systemic use. Other catabolic functions of the liver include 
gluconeogenesis and ketogenesis. Anabolic functions of the 
liver include glycogenesis and synthesis of plasma proteins, 
such as albumin, transferrin, haptoglobin, and numerous 
coagulation factors.

Hepatic Function in the Elderly

Grossly, the change in liver size in elderly subjects is 
referred to as “brown atrophy.” This brown discoloration is 
caused by accumulation of pigmented lipofuscin granules 
in hepatocytes and Kupffer cells. These granules are thought 
to be the depository of residues, predominantly exogenous 
dietary contaminants, that the liver cannot metabolize. Few 
studies have examined the structural and functional changes 
associated with normal liver aging. The pertinent morpho-
logic and physiologic changes are summarized in the phys-
iology table at the beginning of this chapter. On average, 
liver weight is decreased 6.5% in males and 14.3% in 
females [3]. The absolute number of hepatic lobules remains 
constant, but they undergo a decrease in the size of each 
lobule. Consequently, the number of hepatocytes decreases, 
yet each hepatocyte assumes an increased volume. 
Postmortem liver tissue analysis in subjects over 60 years 
old demonstrates decreased microsomal enzyme activity 
and a decreased hepatic concentration of smooth endoplas-
mic reticulum [4]. Furthermore, the number of mitochon-
dria per hepatocyte decreases with age [5]. Although these 
are not significant changes on their own, when coupled 
with a decreased hepatic blood flow, this may account for 
a  reduced capacity for metabolism of certain drugs and 
toxins. Hepatic blood flow, measured with dye clearance 

Figure 72.3  Triangular coordinates of the primary bile constituents for 
prediction of cholesterol solubility or crystallization. Any single point 
within the triangle represents a solution of bile with unique relative pro-
portions of cholesterol, phospholipid (lecithin), and bile salt. Solutions 
represented by points under the curve are likely to maintain cholesterol 
in solution, whereas points above the curve are likely to represent solu-
tions with cholesterol supersaturation and propensity to crystallization 
(reprinted with permission from Admirand and Small [2]).
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tests, shows a corresponding decrease with age at an 
estimated 0.3–1.5% decline per year. Reduced blood flow 
is attributed to the diminution of hepatic parenchymal mass 
with aging. As a result of this decline, individuals aged 
65  years have 40–45% less total hepatic blood flow than 
they had at age 25 [6].

Examination of human and rat hepatocytes has provided 
insight into mechanisms of impaired drug metabolism by the 
aging liver. Hepatocytes isolated from young and old rats 
and humans demonstrated no difference in rates of oxidative 
phase I drug metabolism and phase II conjugation reactions 
[7]. In contrast, in vivo rates of oxidative phase I drug metab-
olism was impaired in older rats, yet glucuronidation was 
preserved [8]. A possible explanation for these observations 
is that older animals experience a degree of hypoxia. The 
decreased oxygen delivery may be a result of the creation of 
a diffusion barrier secondary to pseudocapillarization of 
hepatic sinusoids. The sinusoids of older rats has been found 
to have thicker endothelium and increased deposition of type 
IV collagen. Therefore, the pseudocapillarization and subse-
quent relative hypoxia in older rats may have implications 
for elderly humans. That is, this finding may impact drug 
therapy in the elderly, specifically those drugs whose clear-
ance involves undergoing oxidative metabolism [9].

Despite the morphologic changes the liver undergoes with 
normal aging, the great functional reserve of this organ 
allows little or no clinical impairment. Several studies have 
documented that standard liver function tests (LFTs) do not 
vary significantly with increasing age alone [3, 10, 11]. 
Therefore, presence of abnormal liver chemistries in the 
elderly should not be considered normal and investigation of 
possible hepatobiliary disease should be undertaken. 
Regardless, standard LFTs – including serum bilirubin, ami-
notransferases, and alkaline phosphatase – do not reflect the 
true dynamic function of the liver. Evaluation of dynamic 
hepatic function requires measuring clearance of anionic 
dyes, such as sodium sulfobromophthalein (Bromsulphthalein 
or BSP) and 131I-rose bengal, or various drugs that require 
hepatic microsomal enzyme activity. Prior studies investigat-
ing hepatic clearance or retention in the elderly have been 
controversial and conflicting, requiring control for multiple 
comorbid diseases, medications, and decreased hepatic blood 
flow [10, 12, 13]. To date, the most definitive study is that of 
Kampmann and associates, which demonstrated no signifi-
cant variation in retention of anionic dyes in 43 carefully-
selected patients aged 50–88  years when compared with 
younger persons [11]. Patients who were obese, alcoholic, 
receiving potentially hepatotoxic medicines, or showing evi-
dence of renal, hepatic, or bone disorders were excluded 
from this study. Additionally, liver biopsies were performed 
in all patients to rule out hepatic pathology that could sec-
ondarily elevate dye retention rates, such as fatty degenera-
tion, cirrhosis, or chronic hepatitis.

Although the liver is prone to the aging process, the 
changes it undergoes are less significant than those seen in 
other organ systems. Studies in old rats have demonstrated 
that although hepatic regeneration following hepatectomy is 
slower, these livers will eventually achieve their original vol-
ume [14]. In humans, clinical data has also demonstrated the 
longevity of aging livers through results garnered from liver 
transplants. Five patients whose transplanted livers were 
from donor patients over 80 years old experienced similar 
clinical outcomes to the group (n = 35) that received livers 
from patients under 80 years old [15]. In terms of function, 
synthesis of most hepatic proteins remains intact with some 
impaired catabolism. Also, the activities of certain hepatic 
enzymes necessary for cholesterol metabolism are thought to 
be affected by the aging process. These age-related changes 
in hepatic enzyme activity may well be contributing factors 
in the pathogenesis of gallstone formation in the elderly.

Biliary Anatomy

After being secreted by the hepatocyte, bile drains along 
canaliculi that form into progressively larger intrahepatic 
ducts. These continue to coalesce within each lobe to form 
the right and left lobar ducts, which then exit the hilum and 
join to form the common hepatic duct (CHD). The CHD, in 
its course to the intestine, becomes the common bile duct 
(CBD) once it joins with the cystic duct from the gallbladder. 
The gallbladder is a pear-shaped, blind-ended, organ lying 
on the inferior surface of the liver that receives and drains 
bile through the cystic duct. The CBD then courses toward 
the second portion of the duodenum, where it empties into 
the ampulla of Vater within the duodenal wall. Shortly before 
entering the duodenum, the CBD also joins with the pancre-
atic duct, although variations to this anatomy are common. 
The sphincter of Oddi is a complex muscular structure sur-
rounding the distal portions of the CBD, main pancreatic 
duct, and ampulla of Vater that is separate from the duodenal 
musculature. This sphincter coordinates appropriate release 
of biliary and pancreatic secretions during a meal while pre-
venting harmful reflux of duodenal contents into the CBD.

Biliary Physiology

The purpose of the gallbladder is to store and concentrate bile 
during the fasting state. Following ingestion of a meal, the 
secretion of gastrointestinal hormones such as secretin, gas-
trin, and CCK results in the release of bile from the gallblad-
der into the intestinal tract. Although the gallbladder generally 
holds only 40–50 ml of bile, its remarkable absorptive capacity 
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allows it to accommodate the 500–1,000 ml of bile produced 
by the liver each day [1]. The electrolyte and water content of 
bile secreted from the liver is modified during passage 
through the extrahepatic biliary system by the biliary ductal 
epithelium. In comparison, the mucosa of the gallbladder 
results in significantly more efficient absorption of sodium 
and water than cholesterol and calcium. The active transport 
of sodium leads to passive absorption of water, yet each is 
more significant than the gallbladder’s capacity to reabsorb 
calcium. As the concentration of calcium increases in bile, it 
also affects the solubility of cholesterol. In turn, the increased 
concentrations of cholesterol and calcium may result in pre-
cipitation and creation of gallstones.

Between meals, the gallbladder passively fills with bile 
that is continuously produced and pumped into the extrahe-
patic biliary system. With the sphincter of Oddi contracted, 
the pressure within the common bile duct increases above that 
of the gallbladder lumen, thereby facilitating passive move-
ment of bile into the cystic duct. Periodically, a small amount 
of bile (10–30%) is released from the gallbladder. This pro-
cess of partial emptying and filling seems to be coordinated 
with late phase II and phase III activity of the gastrointestinal 
migrating myoelectric complex (MMC), which is associated 
with increases in plasma concentrations of the hormone moti-
lin [16]. The turnover of gallbladder bile during fasting may 
serve as a mechanism to prevent or expel cholesterol crystals 
prior to macroscopic stone formation.

Following a meal of fatty acids or amino acids, vagal 
stimulation and CCK result in contraction of the gallbladder 
and the release of approximately 50–70% of the stored bile. 
The presence of intraluminal gastric acid, fatty acids, and 
certain amino acids triggers the release of CCK from epithe-
lial cells in the proximal intestine, primarily in the duode-
num. In addition to the release of bile from the gallbladder, 
CCK also impacts the contraction and relaxation of the 
sphincter of Oddi. This coordinated reflex allows the flow of 
bile and pancreatic juice into the duodenum to aid in the 
digestive process. At physiologic levels, CCK seems to influ-
ence vagal cholinergic innervation of the gallbladder by 
means of CCK-A receptors on postganglionic neurons [17]. 
This neurohumoral interaction may provide control of basal 
gallbladder smooth muscle tone and coordination of post-
prandial gallbladder contraction.

Biliary Function in the Elderly

The gallbladder undergoes minor changes with aging. There 
is little effect on size, contractility, or absorptive capacity. 
The effect of a decreased responsiveness to CCK may not 
have clinical significance. Khalil et  al. demonstrated that 
gallbladder sensitivity to CCK decreases with age, but 

fasting and fat-stimulated plasma levels of CCK are signifi-
cantly higher in older individuals. These physiologic altera-
tions appear to offset each other functionally, as the rate of 
gallbladder emptying in the elderly is similar to that of 
younger individuals [18]. The age-related increase in serum 
concentration of pancreatic polypeptide may also depress 
gallbladder emptying; however, the data to date is conflicting 
and further studies are needed to clarify the role of this hor-
mone in hepatobiliary function in the elderly [19].

The most significant age-related change involving the 
hepatobiliary system involves the common bile duct. 
Namely, the duct increases in size, in a similar fashion to 
the pancreatic duct. One study by Nagase and associates 
used intravenous cholangiography to measure the CBD size 
in 84 healthy Japanese persons and documented a mean 
diameter of 9.2 mm at age 70 compared to 6.8 mm at age 20 
[20]. Other studies have confirmed the upper normal size of 
the CBD as 10 mm in patients over 75 years old and 14 mm 
postcholecystectomy [21]. The distal portion of the CBD 
and the sphincter of Oddi become progressively narrower 
with age, possibly predisposing to stone impaction. Biliary 
obstruction in older adults is usually due to malignancy 
rather than to choledocholithiasis. The most common 
malignancy is adenocarcinoma of the pancreas but may be 
caused by other malignancies such as ampullary, gallblad-
der, bile duct, duodenal, and metastatic cancers. Benign 
strictures can result from cholangitis or common duct inju-
ries. Primary sclerosing cholangitis is rare in those older 
than 65 years of age.

Gallstone Pathogenesis

Gallstone disease is a significant health-care problem in 
the United States, with an overall prevalence of 10–12%, 
translating to 25–30 million people. Risk factors for gallstone 
development include female sex, obesity, ethnicity, and age 
[22]. Epidemiological studies have shown that cholesterol  
gallstones occur infrequently in adolescence and the presence 
increases linearly with age (Table  72.1) [23–27]. The inci-
dence of gallstones increases approximately 1–3% per year 
[28]. Recent studies have indicated that the incidence of gall-
stones in females approaches 50% by age 70 [29]. In fact, the 
most common abdominal operation performed in the geriatric 
population is cholecystectomy, with the total number of cases 
performed annually for nonfederal inpatients 65 years of age 
and over approximating 161,000 [30]. Furthermore, the risk 
of complications from gallstone disease is increased in elderly 
patients, with an increased incidence of CBD obstruction, 
perforation, and gangrene [31].

As discussed earlier, gallstone formation is dependent on 
relative concentrations of cholesterol, calcium, and other 
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biliary solutes. Gallstones are classified according to their 
cholesterol content as either cholesterol stones or pigment 
stones. Pigment stones are further classified as black or 
brown. In the United States, gallstones are most commonly 
composed of cholesterol (70–80%) with pigment stones 
accounting for the remaining 20–30% [1].

Cholesterol Gallstone Pathogenesis

Three independent but mutually inclusive processes appear 
to be necessary for gallstone formation are as follows: 
(1) cholesterol supersaturation, (2) nucleation (also known 
as crystallization), and (3) stone growth. As previously 
mentioned, cholesterol is a highly hydrophobic molecule 
requiring appropriate relative concentrations of bile salts 
and phospholipids to remain soluble in bile. These biliary 
solutes are arranged in cholesterol–phospholipid vesicles 
and mixed micelles when in solution. Excess biliary cho-
lesterol can result from hypersecretion of cholesterol with 
a normal bile acid pool or with normal cholesterol secre-
tion in conjunction with a diminished bile acid pool. 
Therefore, cholesterol supersaturation can be produced by 
decreased activity of cholesterol 7-a-hydroxylase (decreas-
ing the conversion of hepatic cholesterol to bile acids), 
overactivity of HMG-CoA reductase (the rate-controlling 
enzyme in the synthesis of cholesterol), or terminal ileal 
disease or resection (interrupting the enterohepatic conser-
vation of bile acids).

In addition to cholesterol supersaturation, the second nec-
essary requirement for gallstone formation is the process of 
crystallization. Cholesterol supersaturation alone is a com-
mon finding in normal patients free of biliary pathology [32, 
33]. Nucleation, or the precipitation of supersaturated bile 
cholesterol into solid cholesterol monohydrate crystals, usu-
ally occurs due to a combination of depressed biliary kinetics 
and procrystalizing protein action on the bile. Nucleation 

time, the rate at which cholesterol crystals form, is decreased 
from approximately 15 days in control patients free of biliary 
disease to 3 days in patients with gallstones [34]. Mucin gly-
coproteins secreted under prostaglandin control and immu-
noglobulins secreted by the gallbladder mucosa are thought 
to serve as pronucleating agents, perhaps using the mucous 
gel coating on the mucosa as a nucleation matrix. Other sub-
stances that have demonstrated pronucleating effects in vitro 
include phospholipase C, fibronectin, and a low-density lipo-
protein, whereas apolipoprotein A-I has been shown to 
inhibit nucleation [23]. Concentration of bile within the gall-
bladder causes the formation of large, cholesterol-rich multi-
lamellar vesicles that can precipitate cholesterol crystals. 
Also, concentration of calcium salts within the gallbladder 
leading to saturation may serve as a nidus for nucleation.

Lastly, the gallstone attains clinical significance when its 
size grows to the point at which it causes an obstruction of 
the biliary system. Macroscopic stone formation from cho-
lesterol crystals results from progressive enlargement of 
individual crystals with deposition of insoluble material onto 
its outer surface or by fusion of crystals into a larger con-
glomerate. However, patients may present with typical bil-
iary disease symptoms, yet routine radiological assessment 
may not visualize a definite stone formation. This biliary 
“sludge,” also known as biliary microlithiasis, is a precipita-
tion of cholesterol crystals and calcium bilirubinate granules 
in bile with a high mucin content, not infrequently observed 
in states of prolonged bowel rest or with use of total paren-
teral nutrition (TPN). Nevertheless, the pathogenesis of cho-
lesterol gallstones is clearly multifactorial (Table 72.2).

The effects of aging on hepatic and biliary cholesterol 
metabolism are difficult to elucidate; however, it has become 
increasingly clear that gallbladder mucosal function and 
contractility play key roles in this process. Gallbladder hypo-
motility with infrequent or incomplete emptying of the gall-
bladder contents may predispose to bile stasis and crystal 
formation. As previously discussed, gallbladder kinetics are 
decreased in the elderly population, thereby increasing the 
risk of development of cholelithiasis. It is also important to 
consider other mechanisms that predispose to cholelithiasis, 

Table 72.2  Factors contributing to cholesterol gallstone formation

Cholesterol supersaturation
Cholesterol hypersecretion
Diminished bile acid pool
Ileal disease or resection

Nucleation
Mucin glycoproteins
Pronucleating substances: phospholipase C, fibronectin
Nucleation-inhibiting substances: apolipoprotein A1
Calcium concentration

Gallbladder dysmotility
Altered cholecystokinin (CCK) plasma levels or receptors
Neurohumoral influences: CCK somatostatin, estrogen
Vagolysis, mechanical or functional

Table 72.1  Prevalence of gallstones at autopsy in women in various 
countries

Age 
(Years)

Prevalence of gallstones (%)

UK [14] USA [15] Sweden [16] Chile [17]

10–19 –   0 –   7.2
20–29   6.8   4.2 14.3 25.1
30–39 –   8.6 16.7 26.4
40–49   9.7 12.1 15.0 46.5
50–59 28.0 23.3 27.6 55.6
60–69 31.5 27.5 40.0 65.3
70–79 33.6 30.6 52.7 63.7
80–89 42.6 34.9 51.9 77.1
90+ 42.7 44.4 58.4 –
Sources: Data from Bateson [23], Lieber [24], Lindström [25], and 
Marinovic et al. [26]
The table illustrates the geographic variation of gallstone disease and 
increasing prevalence with advancing age
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that may be present within a comorbid illness in the elderly 
patient. For instance, the elderly patient may require TPN, 
which further delays gallbladder emptying. Another notable 
condition that may predispose a patient to gallstone forma-
tion is rapid weight loss, which may be due to poor dietary 
intake or chronic illness [35, 36].

Although gallstones are associated with abnormal gall-
bladder contractility, it is not known whether altered motil-
ity is the primary problem or a secondary consequence. The 
presence of cholesterol-supersaturated bile alone has been 
shown to impair gallbladder emptying before cholesterol 
crystals or gallstones are evident [34]. Mechanisms pro-
posed to explain the apparent effect of cholesterol-rich bile 
or gallstones on gallbladder motility, include a possible 
myotoxic or neurotoxic effect of cholesterol or bile salts, the 
development of hypertrophic myopathy with chronic inflam-
mation or inflammatory mediator release, and disordered 
regulation of hormonal influences, such as CCK, motilin, or 
somatostatin [34, 37].

As part of a series of studies evaluating the characteristics 
and regulation of gallbladder motility in patients with and 
without gallstones, Thompson et al. reported that most gall-
bladders containing gallstones contract like normal controls 
when evaluated by ultrasonography after a lipid meal [38]. 
These “contractors” exhibited a diminished release of endog-
enous CCK measured with plasma bioassay, but an increased 
sensitivity to the hormone was apparent relative to controls. 
A few patients with gallstones displayed depressed gallblad-
der contractility but with CCK output equivalent to that of the 
controls. Gallbladder muscle strips obtained from these “non-
contractors” were subsequently shown to have significantly 
reduced in vitro responsiveness to CCK [39] and a decrease 
in the number of CCK receptors [40]. The cause-and-effect 
relation between gallstones, gallbladder dysmotility, and neu-
rohumoral influences is an area of active investigation.

Pigment Gallstone Pathogenesis

Although pigment stones comprise approximately 20% of the 
total in the Western population, the rate is much higher in the 
Asian population. Pigment stones are formed by the 
precipitation of bilirubin in bile. Like cholesterol, bilirubin is 
insoluble in water. The liver conjugates bilirubin, making it 
soluble, and secretes it into bile. A small percentage (3%) 
remains unconjugated. However, in healthy patients, this 
amount of insoluble bilirubin does not lead to formation of 
pigment stones. Hyperparathyroidism may predispose a 
patient to pigment stones by increasing the level of ionized 
calcium. Pigment stones may also occur secondary to an 
increase in unbound bilirubinate. This is due to chronic hemo-
lysis (cirrhosis or sickle cell disease) or increased synthesis of 
unconjugated bilirubin as a result of increased activity of 
b-glucuronidase (which converts conjugated bilirubin to 

unconjugated) [41]. When an increase in insoluble bilirubin 
comes into contact with insoluble calcium, a black pigment 
stone of solid consistency forms. Brown pigment stones are 
more common in Asian populations and are associated with 
chronic biliary tract infections or bile stasis. They are almost 
always associated with colonization of bile by Escherichia 
coli, Bacteroides, or Clostridium [42]. The stones are much 
more fragile than cholesterol or black pigment stones, crum-
bling readily when manipulated. Brown pigment stones are 
usually found in the bile ducts where b-glucuronidase pro-
duced by bacteria hydrolyzes conjugated bilirubin to the free 
form, a hydrophobic solute that readily combines with cal-
cium to produce a nidus for gallstone formation.

Lithogenic Factors in the Elderly

A multitude of factors is responsible for the increased inci-
dence of gallstones in the elderly. Einarsson and associates 
demonstrated age-associated changes of biliary cholesterol 
saturation and bile acid kinetics in a group of nonobese, nor-
molipidemic subjects known to be gallstone-free [43]. 
Specifically, this investigation was able to show a direct cor-
relation between advancing age and increasing cholesterol 
saturation of bile, presumably due to an increased rate of 
hepatic cholesterol secretion (Fig. 72.4). Additionally, bile 
acid synthesis and pool sizes were noted to decrease with 
advancing age (Fig. 72.5). Each of these changes contributes 
to the enhanced lithogenicity of bile in the elderly. 

Figure 72.4  Relation between age and cholesterol saturation of bile. 
Open symbols denote women, and closed circles denote men (reprinted 
with permission from Einarsson et al. [43]. © Massachusetts Medical 
Society. All rights reserved).
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The relation of these physiologic changes with possible 
age-related changes in hepatocyte enzyme activity for HMG-
CoA reductase and 7-a-reductase has been investigated, with 
studies available that both support [44] and refute [45] this 
position.

To explore whether aging increases cholesterol supersatu-
ration of bile and gallstone prevalence, Wang studied age-
related changes in hepatic and biliary lipid metabolism in 
gallstone-susceptible and resistant mice of varying ages [29]. 
The rats were fed a lithogenic diet for 8 weeks and then eval-
uated for gallstone prevalence, gallbladder size, biliary lipid 
secretion, and HMG-CoA reductase activity. These outcomes 
were all increased in the gallstone-susceptible mice. 
Furthermore, increasing age-augmented biliary secretion 
and intestinal absorption of cholesterol, reduced hepatic syn-
thesis and biliary secretion of bile salts, and decreased bil-
iary contractility, all of which increased susceptibility to 
cholesterol gallstones in susceptible mice. The research con-
cluded that aging was an independent risk factor for choles-
terol gallstone formation.

As previously mentioned, gallbladder stasis may play an 
active role in formation of gallstones. Factors that may lead to 
gallbladder dysmotility in older patients include increasing 
saturation of bile with cholesterol and altered sensitivity of 
the gallbladder smooth muscle to CCK. Reviews of CCK 
receptor stimulants, motilin agonists, and procholinergic 
agents provide encouragement for emerging pharmacotherapy 
as treatment options for gallbladder hypomotility [34, 46].

Pancreas

Pancreatic Development and Anatomy

The pancreas is a retroperitoneal organ in the upper abdo-
men. It lies posterior to the stomach, with its head nestled at 
the C loop of the duodenum and tail extending toward the 
hilum of the spleen. Pancreatic tissue is of endodermal origin 
and develops in tandem with the hepatobiliary system. 
During the 4th week of gestation, two buds develop from the 
duodenum, a hepatic diverticulum and a dorsal bud. The 
anterior bud develops into the liver and biliary system while 
the dorsal bud eventually forms the body and tail of the pan-
creas. During the 32nd week of gestation, the hepatic diver-
ticulum gives rise to the ventral bud, which ultimately forms 
the uncinate process. It then rotates 180° clockwise around 
the duodenum and fuses with the dorsal pancreatic bud to 
form the mature pancreas (Fig. 72.6). The main pancreatic 
duct of Wirsung, formed by fusion of the ventral duct and the 
distal portion of the dorsal pancreatic duct, drains most of the 
pancreas into the duodenum at the ampulla of Vater. 
The diameter of the main pancreatic duct is 2.0–3.5 mm in 
healthy young adults [47]. The common bile duct joins with 
the main pancreatic duct at the ampulla of Vater and empties 
through the greater duodenal papilla. The proximal ductal 
system of the dorsal bud persists as the accessory pancreatic 
duct of Santorini, draining the superior portion of the 

Figure 72.5  Relation between age and hepatic cholesterol secretion, 
total bile acid synthesis, and size of the cholic acid pool. Open circles 
denote women, and closed circles denote men (reprinted with permis-

sion from Einarsson et al [43]. © Massachusetts Medical Society. All 
rights reserved).
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pancreatic head via the lesser papilla into the duodenum 
proximal to the greater papilla.

Pancreatic Physiology

The pancreas has dual functions, both exocrine and endo-
crine. The exocrine activity is geared toward facilitating 
digestion, neutralizing gastric acid, and regulating intraintes-
tinal pH. Pancreatic endocrine activity is vital for glucose 
homeostasis. Because of the great functional reserve of this 
organ, 90% of pancreatic function can be lost before signs of 
insufficiency become clinically evident [48].

Exocrine Function

The exocrine pancreas accounts for approximately 85% of 
the total mass and produces 500 ml of secretions per day. 
The acinar cells of the pancreas secrete enzymes responsible 
for digestion, and centroacinar cells and the ductal system 
direct the exocrine secretions to the duodenum, modifying 
the electrolyte concentration and water content of the 
pancreatic fluid as it passes. The acinar cells are innervated 
by the sympathetic and parasympathetic nervous systems. 
The parasympathetic system increases secretions, whereas 
the sympathetic system inhibits them [49]. The enzymes pro-
duced by the acinar cells include amylase (isoamylase 
type P), lipase, trypsinogen, chymotrypsinogen, procarboxy-
peptidases A and B, deoxyribonuclease, ribonuclease, 
proelastase, and trypsin inhibitor.

Pancreatic juices are secreted based on a three-phase 
response to a meal, including a cephalic phase, a gastric phase, 
and an intestinal phase. The cephalic phase accounts for 
10–15% of meal-stimulated pancreatic secretion and occurs 
in response to the sight, smell, or taste of food. This is thought 
to be mediated by direct stimulation and increased gastric acid 
secretion in the stomach, which indirectly stimulates pancre-
atic secretion due to duodenal acidification and secretin 
release. The gastric phase also accounts for 10–15% of meal-
stimulated pancreatic secretion and is due to gastric distention 
brought on by the ingested meal. This can lead to release of 
gastrin and vagal stimulation, both thought to have a weak 
direct effect on the pancreas. More importantly, the gastrin 
and vagal stimulation increases gastric acid content, leading 
to duodenal acidification, which triggers the release of secre-
tin. This, in turn, leads to pancreatic secretions aimed at rais-
ing the pH. Pancreatic secretions are alkaline and have a pH 
that varies from 7.6 to 9.0, depending on the rate of bicarbon-
ate secretion from the ductal epithelium. This alkaline pH is 
necessary to maintain the inactive proteolytic enzymes and 
transport them to the appropriate acidic milieu of the duode-
num where they undergo activation. Secretin is the major 
stimulant for pancreatic electrolyte and water secretion, with 
CCK, gastrin, and peripherally released acetylcholine acting 
as weaker stimulants. Lastly, the intestinal phase is secondary 
to food and gastric contents entering the proximal intestine, 
which again increases secretin release. Dietary fats and pro-
teins in the duodenum also stimulate the release of CCK, 
which then stimulates acinar secretion. The intestinal phase is 
the most important determinant of pancreatic secretion.

In addition to the water and electrolyte secretions, the 
exocrine pancreas secretes digestive enzymes. The major 
proteolytic enzyme is trypsin, initially secreted within the 
pancreas in an inactive form but activated within the duode-
num by increasing acidity and enterokinase, a hormone pro-
duced by duodenal mucosa. Only amylase is secreted directly 
from the acinus in an active form. The other enzymes are 
initially secreted as inactive proenzymes, requiring trypsin 
and the acidic environment of the duodenum for activation. 
Inappropriate early activation of enzymatic action can result 
in autodigestion of the pancreatic substance, as may be seen 
in acute pancreatitis. The protein, fat, and carbohydrate 
constituents of diet  alter the absolute amount and ratio of 
enzymes secreted. Regulation of enzyme secretion is 
primarily through the hormones CCK and acetylcholine. 
Secretin, vasoactive intestinal peptide (VIP), and pancreatic 
islet hormones weakly stimulate acinar secretion [47].

Endocrine Function

The main physiologic function of the endocrine pancreas is 
the regulation of energy through the hormonal regulation of 

Figure 72.6  Anatomy of the mature pancreas, relative to surrounding 
structures (reprinted with permission from Trede M, Carter DC, (eds). 
Surgery of the pancreas. Edinburgh: Churchill Livingstone, © Elsevier, 
1993).
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carbohydrate metabolism. This is achieved via the islets of 
Langerhans, clusters of specialized endocrine cells which are 
scattered throughout the exocrine tissue. Most islets contain 
approximately 3,000 to 4,000 cells, consisting of four major 
cell types: alpha cells which secrete glucagon, beta cells 
which secrete insulin, delta cells which secrete somatostatin, 
and PP or F cells which secrete pancreatic polypeptide.

The predominant and most studied pancreatic hormone is 
insulin. Insulin, a 51-amino-acid polypeptide, is synthesized 
as a preprohormone in the beta cells of Langerhans islets. 
The proinsulin is synthesized in the endoplasmic reticulum, 
then travels to the Golgi complex where the C peptide is 
cleaved from it to create the insulin molecule. Upon stimula-
tion, insulin is transported into secretory granules and 
released into the bloodstream by extrusion of the 6-kd poly-
peptide through the cell membrane. Insulin secretion occurs 
in response to elevated blood glucose levels and is suppressed 
by hypoglycemia. Insulin secretion is greater in response to 
orally administered glucose than intravenous glucose, even 
when serum glucose levels are equal. Insulin secretion occurs 
in two phases, the first being the release of stored insulin. 
The first phase is short (approximately 5  min) and is in 
response to a glucose challenge, whereas the second phase is 
longer and related to the sustained release of newly produced 
insulin. Maximal secretion of insulin occurs at serum glu-
cose concentrations of 400–500  mg/dl. Type I diabetes 
results from a combination of genetic, environmental, and 
autoimmune factors which lead to selective destruction of 
b-cells. The endocrine tissue of the pancreas has excellent 
reserve, thereby requiring destruction of at least 80% of the 
tissue before clinical manifestations are evident [50].

Insulin binds to specific membrane-associated glycopro-
tein receptors that effect an increase in membrane-bound 
glucose transporters (GLUT-1 to GLUT-5), thereby facilitat-
ing glucose transport from the blood into cells. Skeletal mus-
cle accounts for the majority of insulin-mediated glucose 
uptake and impaired insulin action at the level of the muscle 
is the cause of insulin resistance in type II diabetes [51]. 
In the liver, insulin facilitates glycogen deposition while 
inhibiting gluconeogenesis and glycogenolysis, resulting in 
a net increase in glucose uptake. Insulin also promotes lipo-
genesis and protein synthesis. As part of the insulin resis-
tance syndrome, malfunction of insulin at the level of the 
liver can lead to abnormal lipid accumulation in hepatocytes, 
leading to non-alcoholic steatohepatitis (NASH) [52].

Glucagon is also synthesized as a 29-amino-acid propep-
tide and its purpose is to counteract the effects of insulin and 
increase the concentration of blood glucose. Similar to insu-
lin, glucose is the primary regulator of glucagon secretion, 
although with glucagon, it causes an inhibitory effect. 
Furthermore, insulin and somatostatin also serve as negative 
regulators of glucagon secretion. Secretion is stimulated by 
hypoglycemia, acetylcholine, and generalized stressed states 
such as that occur with infection, trauma, or inflammation. 

Glucagon promotes an elevation of blood glucose levels, with 
mobilization of intracellular fuels by hepatic glycogenolysis, 
gluconeogenesis, ketogenesis, and lipolysis. It is the provi-
sion of metabolic fuels during times of stress that resulted in 
glucagon being grouped with epinephrine, cortisol, and 
growth hormone as stress hormones.

Somatostatin is a 14-amino-acid polypeptide that has a 
wide anatomic distribution in neurons, pancreas, intestines, 
and other organs. It was originally isolated in 1973 as a 
hypothalamic extract that inhibited the release of growth 
hormone. Endocrine release of somatostatin occurs during a 
meal, in response to intraluminal fat; however, its exact role 
in the pancreas remains unclear, but it has been shown to 
inhibit the release of almost all peptide hormones and to 
inhibit gastric, pancreatic, and biliary secretion. Some 
researchers have suggested that somatostatin may regulate 
adjacent islet cell functions, but this has not been proven 
in vivo. The potent inhibitory effects of somatostatin and oct-
reotide, a long-acting synthetic analogue, have been used to 
treat a variety of endocrine and exocrine disorders.

Pancreatic polypeptide (PP) is a 36-amino-acid polypep-
tide secreted in response to protein and less so to glucose from 
F cells. Although they are distributed throughout the pancreas, 
the predominance of these cells is concentrated in the pancre-
atic head and uncinate process. One of its most important 
roles may be as a mediator of the hepatic response to insulin. 
It has been demonstrated that abnormal glucose homeostasis 
associated with PP deficiency in patients with chronic pan-
creatitis is due to impaired suppression of hepatic glucose 
production by insulin [53]. This relative hepatic resistance to 
insulin is a consequence of diminished insulin receptor con-
centration, rather than altered receptor affinity, and can be 
ameliorated by administration of PP [54]. This mechanism of 
glucose metabolism has been further clarified by studies sug-
gesting that hepatic insulin resistance in chronic pancreatitis 
is due to impaired transcription of the insulin receptor gene. 
Additionally, PP increases hepatic insulin-binding sites per-
haps by upregulating insulin receptor gene expression [55]. 
PP is known to inhibit pancreatic exocrine secretion, cholere-
sis, and motilin release [56]. PP release is augmented by cho-
linergic stimulation, with the normal postprandial rise in PP 
levels being ablated by vagotomy, antrectomy, or both [47].

PP is part of the polypeptide-fold family of peptide hor-
mones, along with the central nervous system peptide, neu-
ropeptide Y, and peptide tyrosine-tyrosine (PYY). Each of 
these is believed to play an important role in the regulation of 
appetite. PP was the first of these hormones to be isolated, 
from an impure insulin extraction. PP functions as a compo-
nent of the “ileal brake” since it acts in various ways to slow 
the transit of food through the gut. It delays gastric empty-
ing, attenuates pancreatic exocrine secretion and inhibits 
gallbladder contraction [57]. The role of PP in obesity is 
undergoing increasing investigation. Preliminary data sug-
gest that PP reduced postprandial secretion is associated with 
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obesity, whereas elevated postprandial levels of PP are found 
in patients with anorexia nervosa [58].

Pancreatic Anatomy in the Elderly

The pancreas undergoes an aging process resulting in mini-
mal amounts of atrophy, fatty infiltration and fibrosis. One of 
the main age-related changes occurs with ductal anatomy, 
specifically an increase in the caliber of the main pancreatic 
duct and ectasia of branched ducts. One review by Kreel and 
Sandin [59] of in situ retrograde pancreatography at necropsy 
in 120 subjects older than 30 years revealed the main pancre-
atic duct width to increase with age at a rate of 8% per 
decade. A study using ultrasonography demonstrated an 
increasing pancreatic duct diameter with age. Regardless, 
the pancreatic duct was not found to be more than 3 mm, 
which if detected, should be considered a pathologic finding 
and not solely age-related [60]. The pancreatic duct widens 
proportionally along its entire length such that a uniform 
taper in caliber is maintained. This ductal anatomy can be 
distinguished from ductal dilatation associated with obstruc-
tion as seen with chronic pancreatitis and periampullary can-
cer. In some elderly patients, ductal ectasia becomes cystic 
as a variant of the aging pancreas. Acinar atrophy, an 
increased amount of intralobular fibrosis and fatty infiltra-
tion, and calcified pancreatic ductal calculi [61] seem to be 
common findings in the pancreas over the age of 70. Because 
of the increasing frequency of intercurrent disease states and 
degrees of malnutrition in the elderly, the proportion of these 
morphologic changes that are due to age alone vs. pathology 
has yet to be determined. In summary, the morphologic 
changes of the aging pancreas can be considerable, requiring 
clinicians to take caution when interpreting ERCP and com-
puted tomography (CT) findings in the elderly (see physiol-
ogy table at the beginning of this chapter).

Aging of the Exocrine Pancreas

Regarding the body of literature addressing physiologic 
changes in pancreatic function, conflicting data has emerged 
owing largely to a lack of consensus on defining pancreatic 
exocrine insufficiency. For instance, Laugier determined that 
patients over 65 years of age demonstrated a decrease in the 
volume and bicarbonate output of pancreatic secretion and 
the concentrations of pancreatic protein and lipase in response 
to stimulation from secretin and CCK stimulation [62]. 
In contrast, Gullo and associates failed to show any decrease 
in bicarbonate, trypsone, or lipase in response to continuous 
stimulation in elderly patients when compared to younger 
controls [63]. Regardless of the contrasting results, the 

clinical significance of age-related changes in exocrine  
function is limited to a decrease of 10–30%. Therefore, the 
presence of steatorrhea in the elderly patient must be consid-
ered outside of expected aging and in the greater scope of 
other pathologies such as intraductal papillary mucinous 
neoplasms or pancreatic carcinoma [64].

Aging of the Endocrine Pancreas

Insulin Resistance in the Elderly

It has long been recognized that persons over 60 years of age 
more commonly exhibit dysfunction of glucose regulatory 
mechanisms in response to a glucose challenge [65]. Minimal 
morphologic alteration occurs in the aging endocrine pan-
creas, but a number of functional tests suggest progressive 
impairment of glucose tolerance in the elderly [66–68]. 
Clinical studies show an age-related increase in fasting blood 
glucose levels of about 1–2mg/dl per decade, which may be 
less marked in lean, physically active individuals [66, 69]. 
The prevalence of diabetes over the past decade has increased 
enormously, largely due to a concomitant rise in the preva-
lence of obesity. As the aging population continues to grow 
and their life expectancy increases, so too does the rate of 
diabetes. Currently, about 20% of patients over 65 years suf-
fer from diabetes [70].

Type II diabetes results from a multifactorial, progressive 
disease state and decompensation. Patients begin with 
impaired glucose tolerance as a result of the b-cell’s attempts 
to maintain glucose homeostasis under chronic hyperglyce-
mia and elevated free fatty acids. Once the b-cell can no 
longer compensate for peripheral hormone resistance, frank 
diabetes ensues. The interaction of many factors associated 
with aging contributes to the development of diabetes. 
Proposed mechanisms include altered insulin metabolism 
(depressed secretion, increased clearance, or diminished 
prohormone activation), increased resistance of peripheral 
tissues to insulin (receptor aberration, altered postreceptor 
pathways, or altered glucose transporter), loss of hepatic 
sensitivity to insulin, causing reduced glycogenesis, increased 
glucagon levels, and an age-associated increase in adipose 
tissue [72]. Studies which have specifically examined 
age-related effects on b-cell function have demonstrated 
variable results. This may be due to the small magnitude of 
the age effect, different techniques of measurement, and the 
presence of confounding factors such as obesity.

Current theories involving aging and insulin secretion 
highlight the interplay between a decreased b-cell secretory 
function and failure of peripheral glucose uptake mecha-
nisms. The number and affinity of insulin receptors are simi-
lar across the spectrum of age groups [72]. Therefore, in 
absence of other risk factors, insulin resistance in the elderly 



942 V. Sherman and F.C. Brunicardi

is also due to impairments at the postreceptor level and b-cell 
dysfunction. A number of age-related effects on b-cells are 
known, such as decreased sensitivity to incretins and impaired 
compensation to insulin resistance, thereby predisposing 
older people to develop impaired glucose tolerance and 
diabetes [73]. Future studies aimed at delineating b-cell 
function may shed additional light on the subject.

Glucagon

Little is known about glucagon metabolism and actions in 
the elderly. Berger and associates reported that fasting plasma 
glucagon levels are significantly higher after age 30 when 
compared to those of a younger cohort [69]. However, after 
age 30, plasma glucagon levels did not significantly increase 
with advancing age. These findings are compared with those 
from the more recent work of Simonson and DeFronzo [74], 
who showed no correlation between advancing age and 
glucagon levels in 111 subjects aged 21–75 years. 
Additionally, this study demonstrated no difference in gluca-
gon concentrations or clearance in young and old subjects 
receiving glucagon infusion, but hepatic sensitivity to the 
hormone appeared to be enhanced in the older age groups. 
Although the mechanism for this effect is not known, height-
ened hepatic sensitivity to glucagon in the elderly may be 
one of several factors contributing to progressive glucose 
intolerance of aging. Although some follow-up studies have 
confirmed no age-related changes in glucagon concentra-
tions, other studies have shown reduced and elevated gluca-
gon levels in the elderly [75].

Pancreatic Polypeptide

It has been previously noted that plasma levels of immunore-
active PP increase linearly with patient age [69]. The func-
tional consequence of the age-related rise in PP levels is 
unknown. Studies using an isolated perfused human pan-
creas model reaffirmed this phenomenon and suggested that 
elevated PP levels in the elderly are due to enhancement of 
basal PP secretion, not reduced PP clearance [56].
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Benign diseases of the gallbladder and pancreas represent 
significant causes of morbidity and mortality worldwide, 
particularly in elderly patients. Additionally, asymptomatic 
benign lesions of the gallbladder and pancreas are diagnosed 
more frequently with the increased use of imaging, and 
require thoughtful consideration for appropriate and timely 
treatment or follow-up. A critical understanding of these dis-
eases is mandatory for proper patient care in the geriatric 
population.

Benign Disease of the Gallbladder

Disease of the biliary tract is common among adults in the 
USA: 10–15% of the adult population has gallstones, 
accounting for approximately 20  million people, and one 
million new cases are discovered annually. Gallstone dis-
ease is the most common and most costly digestive disease 
causing hospitalization, with an estimated annual cost 
exceeding $5 billion [1]. Among the elderly, biliary disease 
is the most common indication for abdominal surgery [2]. 
This is undoubtedly related to the progressive increase in 
the prevalence of cholelithiasis with advancing age 
(Fig.  73.1), which in some reports exceeds 50% in those 
older than age 70 [3]. In addition to being common, gall-
bladder disease in the elderly is more severe than in the 
young, as indicated by the higher proportion of elderly 
patients requiring cholecystectomy for acute rather than 
chronic cholecystitis [4]. Biliary tract disease in the elderly 
is further complicated by the greater incidence of choledo-
cholithiasis. Common duct stones are found at the time of 

cholecystectomy in up to 30% of those in their 60s and in up 
to 50% of those in their 70s [5].

Manifestations of biliary disease in the elderly differ 
significantly from those in the young, which may contribute 
to the higher morbidity and mortality in older patients [6]. 
The atypical presentation in elderly patients and the fre-
quency of coincidental gastrointestinal complaints often lead 
to delays in diagnosis [7]. These delays contribute to the 
higher incidence of the known complications of cholelithia-
sis and the increased mortality of gallstone disease in the 
aged population [8]. Recognizing the frequency and under-
standing the clinical presentation of biliary disease in the 
elderly is thus imperative for the proper care and treatment of 
these patients.

Cholelithiasis

Incidence and Epidemiology

The prevalence of cholelithiasis varies widely among 
populations of the world. The considerable variation in the 
incidence of cholelithiasis among ethnic groups is perhaps 
best illustrated by the markedly increased rate of gallstone 
disease in Pima Indians. The prevalence of cholelithiasis in 
female Pima Indians exceeds 60% for those over 35 years 
of age [9]. To a lesser degree, an increased propensity for 
gallstone formation is also seen in the Scandinavian coun-
tries, Chile, and among Native Americans [10]. The preva-
lence of gallstones in blacks, however, is roughly one-half 
that of whites [5] and is as low as 3% in some African 
tribes [11].

Regardless of geographic site or ethnicity, the two pri-
mary factors associated with the development of gallstones 
are gender and age. Female gender unquestionably con-
tributes to an increased incidence of cholelithiasis, as 
women are twice as likely as men to develop gallstones 
[10]. Differences in the hormonal milieu have been 
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implicated by studies showing that estrogen and progester-
one increase the lithogenicity of bile and alter gallbladder 
motility [11]. Exogenous estrogen induces hypersecretion 
of cholesterol into bile in both men [12] and women [13] 
and affects the motility of the sphincter of Oddi in animal 
models [14].

Advancing age is clearly associated with an increased 
prevalence of cholelithiasis. This is true regardless of gender 
[4] or ethnicity. The effect of age may be magnified in the 
institutionalized elderly as indicated by a report that chole-
lithiasis was present in 60% of institutionalized women aged 
80–89 years and 80% of those older than 90 years [15].

Classification

Most gallstones in Western countries, including the USA, are 
composed of a mixture of both cholesterol and pigment. Pure 
cholesterol stones account for only 10% and pure pigment 
stones for about 15% of gallstones in the USA [16]. Most 
mixed stones contain cholesterol as their principal constituent, 
with alternating layers of mucin glycoproteins [10].

Pigment stones are composed mainly of bilirubin, usually 
in the form of calcium bilirubinate. These stones may be fur-
ther categorized as either black or brown, with black stones 
seen more commonly in the presence of hemolytic disease or 
hepatic cirrhosis. Brown pigment stones are typically seen in 
Asian patients and are associated with biliary infection [16]. 
At the time of cholecystectomy, the percentage of stones that 
are pigmented increases with advancing age [17]. Whether 
the type of stone is related to the subsequent development of 
symptoms is debatable, but the differentiation between cho-
lesterol and pigment stones is important when nonoperative 
management is considered, as black pigment stones are resis-
tant to dissolution therapy [18].

Pathogenesis

Cholesterol Stones

The pathogenesis of cholesterol stones involves a series of 
defects that ultimately lead to the formation of stones. These 
pathogenic factors include cholesterol hypersecretion with 
subsequent supersaturation of bile, gallbladder hypomotility 
leading to bile stasis, cholesterol crystallization in bile serv-
ing as a nidus for stone formation, hypersecretion of gall-
bladder mucus [19], and increased concentration of biliary 
calcium [20].

Hypersecretion of cholesterol is considered the primary 
requisite factor for the development of cholesterol gall-
stones in the Western world [21]. Advancing age is associ-
ated with increased biliary secretion of cholesterol and 
decreased hepatic bile salt synthesis [22]. These changes in 
cholesterol secretion and bile salt synthesis may contribute 
to the increased prevalence of cholelithiasis in the elderly 
population.

In addition to factors related to bile composition, decreased 
gallbladder motility plays a significant role in gallstone for-
mation. The risk of gallstone formation is significantly 
increased by conditions that impair normal gallbladder emp-
tying, such as pregnancy [23], treatment with total parenteral 
nutrition (TPN) [24], octreotide therapy for acromegaly [25], 
diabetes mellitus [26], sickle cell anemia [27], and in patients 
who have suffered spinal cord injury [28] or who have under-
gone truncal vagotomy [29].

Normally, there is a continuous flow of bile in and out of 
the gallbladder. The greatest flow of gallbladder bile is stim-
ulated by food consumption [30], which causes gallbladder 
contraction in a triphasic pattern of emptying, refilling, then 
emptying again [4]. Gallbladder emptying and refilling also 
occurs during fasting. Nearly 10% of gallbladder volume is 
ejected during fasting in association with migrating motor 
complexes (MMCs) in the duodenum [31]. This facilitates 
exchange of bile between the common duct and the gallblad-
der and may prevent stratification of bile within the 
gallbladder itself [14]. Gallbladder motility is influenced by 
several neurohumoral mechanisms. The entry of food into 
the duodenum stimulates the release of cholecystokinin 
(CCK) by intestinal endocrine cells. CCK has several effects, 
including increasing the flow of hepatic bile into the biliary 
tree and contracting the gallbladder with concomitant relax-
ation of the sphincter of Oddi [14]. Nearly three-fourths of 
the gallbladder volume is ejected in response to CCK [32], 
with approximately 15% released prior to the onset of gas-
tric emptying. The effect of CCK is modulated by several 
other peptide hormones as well. Secretin has no intrinsic 
effect on gallbladder motility, but it significantly potentiates 
the effects of CCK [33]. Somatostatin inhibits CCK-mediated 

Figure 73.1  Incidence of gallbladder disease by age.



94773  Benign Disease of the Gallbladder and Pancreas

gallbladder contraction and is thought to act as a physiologic 
“brake” [32]. Other inhibitors of CCK-mediated gallbladder 
contraction include vasoactive intestinal polypetide (VIP) 
[34], pancreatic polypeptide [35], and peptide YY [36].

In addition to neurohumoral control mechanisms, gall-
bladder motility may be influenced by the degree of choles-
terol saturation of bile. Animal and human studies suggest 
that cholesterol hypersaturation of bile attenuates gallblad-
der motility. In animal models, 1 week of cholesterol feeding 
reduces the gallbladder ejection fraction from 76 to 26% 
[37]. Gallbladder contraction is considerably diminished in 
patients with cholesterolosis, or “strawberry gallbladder” 
[38]. The ability to contract both spontaneously and in 
response to stimulation with CCK, acetylcholine, and potas-
sium chloride is markedly reduced in gallbladders from 
patients with cholesterol cholelithiasis [38].

Bile stasis may also lead to the formation of biliary sludge, 
a viscous aggregate composed of mucin glycoproteins, cal-
cium bilirubinate, and cholesterol crystals [14]. The presence 
of sludge in the gallbladder can be detected by ultrasonogra-
phy, and its formation is typically related to the presence of 
lithogenic bile and gallbladder hypomotility [39]. Biliary 
sludge has been found in 50% of patients receiving TPN for 
a period of 6 weeks and in nearly 100% of those receiving 
TPN for more than 6 weeks [40]. This is thought to be related 
to the lack of oral intake during therapy with TPN, as enteral 
feeding may reverse the process of biliary sludge deposition 
[40]. The formation of both cholesterol and pigment stones 
is virtually always anteceded by the presence of biliary 
sludge [6].

Investigation into the effects of aging on gallbladder 
motility have been confined primarily to changes in neurohu-
moral control mechanisms, particularly age-related changes 
in CCK sensitivity. In animal studies, aging is associated 
with a decrease in the gallbladder contractile response to 
CCK, which appears to be related to a decrease in the num-
ber of CCK receptors [41]. The increased incidence of gall-
stone formation seen in old animals can be prevented by the 
administration of exogenous CCK [42]. Human studies have 
also demonstrated markedly reduced gallbladder sensitivity 
to CCK with aging, but there appears to be a compensatory 
elevation in the level of serum CCK [43]. In addition to 
changes in CCK activity, aging is associated with increased 
levels of pancreatic polypeptide [44], which may contribute 
to bile stasis because of decreased gallbladder contractility 
and increased sphincter of Oddi pressures.

Pigmented Stones

Despite their relatively low incidence in the USA, pigment 
stones are the most common type of gallstone worldwide 
[45]. The etiology and pathogenesis differ between black 

and brown pigment stones. Black pigment stones form in the 
presence of increased secretion of bilirubin conjugates, 
which typically occurs with chronic hemolysis and to some 
degree with hepatic cirrhosis. Normally, unconjugated bili-
rubin produced by the action of b-glucuronidase constitutes 
less than 1% of the total bile pigments [46]. In patients with 
hemolytic disease, the percent of unconjugated bilirubin may 
increase more than tenfold [47], thus exceeding its solubility 
in bile. The unconjugated bilirubin precipitates with calcium 
ions, leading to the formation of insoluble calcium salts [48]. 
Most pigment stones are composed primarily of calcium 
bilirubinate and generally form in sterile bile [49].

Brown pigment stones form in the presence of chronic 
anaerobic infection of bile [50]. This particular type of 
pigment stone is endemic to Asia, probably owing to the 
high incidence of biliary infection in this area of the world 
[51]. The finding of significantly increased bacterial 
b-glucuronidase activity in the bile of patients with brown 
pigment stones is supporting evidence that biliary infection 
is an important etiologic factor [52]. The pathogenesis of 
brown pigment stones also involves biliary stasis, which pre-
disposes to biliary infection. The incidence of brown pig-
ment stones in the common bile duct in the presence of 
preexisting cholelithiasis increases with age, probably owing 
to decreased biliary motility with subsequent stasis and 
infection of bile [53].

Natural History

Asymptomatic Cholelithiasis

Few studies have addressed the natural history of gallstone 
disease, particularly in the aged population. Understanding 
the natural history of cholelithiasis has become increasingly 
important with the widespread use of abdominal ultrasonog-
raphy and computed tomography, as the incidental finding of 
gallstones occurs with significant frequency [54]. This is 
particularly pertinent in elderly patients in whom the preva-
lence of cholelithiasis is known to be much higher than in the 
general population.

Several studies have attempted to describe the natural his-
tory of asymptomatic gallstone disease, mainly focusing on 
the rate of symptom development and complications. 
Gallstone disease is considered symptomatic with the devel-
opment of biliary pain or any of its associated complications 
such as acute cholecystitis, biliary obstruction, or biliary 
pancreatitis [55].

An early report from the 1940s cited the development of 
symptoms in nearly 50% of patients with known gallstones 
when followed for 10–20 years. The complication rate in 
this study was roughly 19% over 15 years, accounting for 
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an annual complication rate of approximately 1.4% [56]. 
In  contrast, Gracie and Ransohoff reported much lower 
rates for the development of symptoms and associated 
complications [57]. The probability of symptom develop-
ment in the presence of cholelithiasis in this study was esti-
mated to be only 15% at 10  years and 18% at 15 and 
20 years; the complication rate was approximately 20% in 
those who became symptomatic. Based on these findings, 
Gracie and Ransohoff introduced the concept of the “inno-
cent gallstone.” The population in their study, however, 
consisted of exclusively white, predominantly male sub-
jects with a mean age of 54  years who had documented 
gallstone disease on oral cholecystography [57]. Attili et al. 
[58] questioned the results of Gracie and Ransohoff and 
reviewed the natural history of both asymptomatic and 
symptomatic gallstones in a much more representative pop-
ulation. The probability of symptom development in 
asymptomatic individuals in their study was nearly 12% at 
2 years, 16.5% at 4 years, and close to 26% at 10 years. The 
complication rate in this study was approximately 3% after 
10 years. The authors concluded that the natural history of 
gallstone disease is less benign than suggested by the stud-
ies of Gracie and Ransohoff. A conservative annual rate of 
symptom development of approximately 2% with about 
1.5% requiring cholecystectomy was reported by McSherry 
et al. in their study of 691 patients with gallstone disease 
enrolled in a large health maintenance organization [59]. 
Based on all of these studies it can be estimated that serious 
symptoms and complications of gallstone disease are likely 
to occur at an annual rate of about 2% in those with chole-
lithiasis, with roughly two-thirds of patients remaining 
asymptomatic over a period of 20 years [60]. In light of this 
information, prophylactic cholecystectomy for asymptom-
atic cholelithiasis in the general population is not recom-
mended [61].

The natural history of asymptomatic gallstones in the 
elderly is much less well defined. Studies that have included 
a significant number of older individuals have shown that 
elderly patients are more likely to present with complica-
tions of gallstone disease. In a study of 750 patients with 
gallstone disease, Wenckhert and Robertson demonstrated 
that nearly half of these patients developed severe complica-
tions within 11  years after the diagnosis of cholelithiasis 
[62]. Additionally, the complications of biliary disease are 
much less likely to be preceded by the typical symptoms 
ordinarily exhibited by younger individuals with biliary tract 
disease. In one study, nearly 80% of those who died from 
complications of gallbladder disease were previously classi-
fied as “asymptomatic” [63].

Gallstones may be discovered when patients undergo lap-
arotomy for other reasons. Incidental cholecystectomy is 
generally not recommended in elderly patients undergoing 
abdominal surgery. Though early small studies in the 1970s 

suggested that it could be done safely [64], other studies 
demonstrated a slightly higher rate of wound infection and 
increased length of hospital stay [65].

Symptomatic Cholelithiasis

The natural history of symptomatic gallstones is understand-
ably different from that of asymptomatic gallstones. Studies 
on the natural history of symptomatic cholelithiasis are 
somewhat sparse, as treatment is customarily recommended 
for patients within this population. Some studies are avail-
able, however. Annual rates of severe symptom development 
and cholecystectomy in patients with mildly symptomatic 
cholelithiasis were 44.0 and 3.2%, respectively, in the 
National Cooperative Gallstone Study [66]. Annual rates for 
cholecystectomy in patients with severe symptoms are typi-
cally 6–8% [67]. The rate of complications is not signifi-
cantly different between patients with symptomatic and 
asymptomatic gallstone disease, suggesting that the presence 
or absence of symptoms is not a reliable prognostic indicator 
for the development of complications in cholelithiasis.

The typical initial presentation of symptomatic gallstone 
disease is that of biliary colic or chronic cholecystitis. Elderly 
patients are less likely to present with the “typical” symp-
toms of gallstone disease experienced by younger individu-
als [2]. Furthermore, elderly patients may present with 
complications of gallstone disease without any precursor 
symptoms of chronic cholecystitis. Morrow et  al. [68] 
reported minimal or absent prior symptoms in nearly 40% of 
elderly patients presenting with grave complications, such as 
gangrenous cholecystitis, gallbladder empyema, or gallblad-
der perforation. Because of atypical symptomatology and the 
predilection for presenting with complicated gallstone dis-
ease, clinicians must have a high index of suspicion for bil-
iary tract disease when caring for elderly patients.

Chronic Cholecystitis

The pain associated with chronic cholecystits, often referred 
to as biliary colic, is produced by a stone obstructing the cys-
tic duct. The term “colic” is deceiving, as the pain is abrupt 
in onset and constant in nature, unlike true “colicky” pain 
that is characterized by a waxing and waning course. The 
pain is typically located in the right upper quadrant or epi-
gastrium. Although radiation of pain is classically to the 
right shoulder or the inferior angle of the scapula, the pain 
may also radiate to other areas of the thorax or abdomen. The 
pain usually occurs at night, often around midnight, and lasts 
several hours. The frequency of recurrent pain varies among 
individuals, with intervals between attacks of pain ranging 
from days to weeks to occasionally months [69].
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Patients may also present with nonspecific symptoms, 
such as bloating, gassiness, indigestion, nausea, and fatty 
food intolerance [70, 71]. Elderly patients are more likely to 
present with dyspepsia and vague epigastric discomfort [73]. 
The nonspecific nature of biliary symptoms commonly seen 
in aged patients, along with the multiplicity of coexisting 
gastrointestinal problems, clearly contribute to delays in 
diagnosis and treatment.

Physical examination of the symptomatic patient may 
yield right upper quadrant tenderness but is likely to be 
normal when the patient is not experiencing symptoms. 
Laboratory values are usually normal with chronic 
cholecystitis.

Based primarily on the history, a diagnosis of chronic 
cholecystitis is confirmed by establishing the presence of 
gallstones. The use of ultrasonography to detect cholelithia-
sis is clearly established. Gallstones are best visualized when 
the gallbladder is examined in both axial and sagittal planes 
after 8 h of fasting [73]. Gallstones typically appear as echo-
genic foci that demonstrate acoustic shadowing and gravita-
tional dependence. Ultrasonogrphy may detect stones as 
small as 1–2  mm in size, which when multiple, are often 
characterized as “gravel.” Gallbladder sludge, in contrast to 
gravel, appears as an echogenic layer that does not cast an 
acoustic shadow and is less gravitationally dependent. 
The sensitivity and specificity of ultrasonography for 
cholelithiasis when chronic cholecystitis is suspected are 
0.95 and 0.97, respectively [74].

In addition to detecting the presence of gallstones, ultra-
sonography provides structural information about the gall-
bladder itself and the biliary ductal system. The ability to 
detect significant biliary ductal dilatation is particularly use-
ful in the elderly because of the high incidence of common 
bile duct stones. Furthermore, information is provided about 
the liver, kidneys, and pancreas. For all these reasons, ultra-
sonography is the diagnostic study of choice for gallstone 
disease.

Several other radiologic studies can yield information 
about the biliary tree but have little role in the diagnosis of 
chronic cholecystitis. Plain roentgenography alone has lim-
ited usefulness in the diagnosis of cholelithiasis, as most of 
the stones are radiolucent. Fewer than 20% of gallstones can 
be visualized on plain radiographs of the abdomen [75]. 
Abdominal CT is far less sensitive than ultrasonography for 
detecting gallstones [76], as most stones are of the same 
attenuation as bile and therefore not well visualized. 
Cholescintigraphy has limited usefulness in the routine 
diagnosis of chronic cholecystitis, as it cannot provide ana-
tomic information or identify gallstones. In atypical cases of 
classic biliary symptomatology with no ultrasonographic 
abnormalities, the functional information provided by 
cholescintigraphy becomes important. In such cases, ana-
lyzing gallbladder motility in response to a prokinetic agent 

may be the only means of establishing gallbladder pathology. 
It must be emphasized, however, that these atypical cases 
are rare.

When considering treatment for patients with symptom-
atic cholelithiasis, the natural history of the disease, the gen-
eral life expectancy and medical condition of the individual, 
and the risks and benefits of the various treatment modalities 
are all factors that must be noted [77]. Expectant manage-
ment of symptomatic gallstone disease is generally not advis-
able, as severe symptom development in patients with mildly 
symptomatic cholelithiasis is reported to be as high as 44% 
per year [66]. Particularly in the elderly, the risk of develop-
ing complicated biliary disease requiring emergent treatment 
with attendant high mortality, weighs strongly in favor of 
definitive treatment of symptomatic gallstones in an elective 
setting.

The definitive treatment for gallstone disease is cholecys-
tectomy, which is performed in patients with chronic 
cholecystitis to relieve symptoms and prevent potentially 
life-threatening complications. Prior to the introduction of 
laparoscopic cholecystectomy, open cholecystectomy had 
been the gold standard for treating cholelithiasis for more 
than a century [16]. A comprehensive review by Roslyn et al. 
[78] of 42,474 open cholecystectomies performed at all 
nonveterans administration (VA) acute care hospitals in 
California and Maryland for a 12-month period, indicated 
that open cholecystectomy was a safe, effective treatment for 
gallstone disease. The study, which included patients under-
going emergent and elective cholecystectomy, reported an 
overall mortality rate of 0.17%. This is significantly lower 
than the mortality rate of 1.77% reported by Glenn more than 
15 years prior [79]. In this more contemporary study, how-
ever, advanced age (more than 65 years) was associated with 
significantly higher mortality (0.5 vs. 0.03%) and complica-
tion (25.7% vs. 10.1%) rates than for the less than 65-year-
old group. Significant increases in length of stay and 
in-hospital charges were also noted in aged patients [78].

Several factors contribute to the increased mortality and 
complication rates following open cholecystectomy in aged 
patients. A primary factor is the larger proportion of elderly 
patients compared to younger patients requiring emergency 
rather than elective cholecystectomy. Pigott and Williams 
[80] studied a group of 347 patients over 65 years of age who 
underwent open cholecystectomy for symptomatic gallstone 
disease. More than half of the patients in this study presented 
with an acute complication of gallstone disease, and they 
often required emergent surgical procedures. There may be 
multiple reasons for the greater tendency of the elderly to 
present with complicated gallstone disease. The early diag-
nosis of symptomatic gallstone disease at an uncomplicated 
stage (i.e., simple chronic cholecystitis) may not be made as 
readily, as elderly patients are more likely to present with 
atypical symptoms such as dyspepsia and vague epigastric 
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discomfort. Elderly patients often present without 
antecedent symptoms of chronic cholecystitis. Finally, the 
increased incidence of choledocholithiasis adds to the com-
plexity of biliary disease in the elderly.

Laparoscopic cholecystectomy has changed the surgical 
management of symptomatic cholelithiasis dramatically 
since its advent during the late 1980s [81]. First performed 
in France by Dr. Phillipe Mouret in 1987 [82], and in the 
USA by McKernan and Saye in 1988 and Olsen and Reddick 
in 1989 [83], laparoscopic cholecystectomy is now estab-
lished as the procedure of choice for symptomatic gallstone 
disease. The laparoscopic approach offers many advantages 
when compared to open cholecystectomy, including reduced 
postoperative pain, shorter hospital stay and recovery, 
improved cosmetic results, and lower cost. The reduction of 
postoperative pain is a major benefit, resulting in decreased 
analgesic requirement and improved pulmonary function 
following surgery [84].

Mortality rates for laparoscopic cholecystectomy are 
reportedly lower than those of open cholecystectomy in 
reviews of both European [85] and US experiences [86], 
averaging about 0.1%. One of the largest reported series is 
that of the Southern Surgeons Club, which included more 
than 1,500 patients who underwent laparoscopic cholecys-
tectomy for symptomatic cholelithiasis [87]. This study 
reported a 4.7% conversion rate to open cholecystectomy 
and a complication rate of 5.1%. The most significant com-
plication of laparoscopic cholecystectomy is major bile duct 
injury, which is reported to occur in 5–10 per 1,000 cases 
[88]. Bile duct injury tends to occur early in a surgeon’s 
experience with laparoscopy [89]. An updated study by the 
Southern Surgeons Club reported that 90% of bile duct inju-
ries occurred during the first 30 cases performed by indi-
vidual surgeons, clearly supporting the existence of a 
learning curve for laparoscopic cholecystectomy [90]. The 
overall complication rate for laparoscopic cholecystectomy 
is noted to be significantly lower than that of open cholecys-
tectomy [91].

Conversion to open cholecystectomy is generally required 
in approximately 5% of patients undergoing laparoscopic 
cholecystectomy [92], most commonly because adhesions 
and chronic inflammation preclude the laparoscopic 
approach. Advanced age, male gender, obesity, acute chole-
cystitis, and the presence of a thickened gallbladder wall on 
ultrasonography are factors associated with a significantly 
increased rate of conversion from laparoscopic to open 
cholecystectomy [93]. A study based on the Connecticut 
Laparoscopic Cholecystectomy Registry, reported a correla-
tion between conversion rates and age among elderly patients. 
Conversion was necessary in roughly 8% of those aged 
70–74 years, 12% of those aged 75–80 years, and more than 
12% of those over 80 years of age [94]. Although conversion 
to an open procedure is not a complication of laparoscopic 

surgery and should never have a negative connotation, an 
appreciation for the likelihood of conversion is important 
when considering the risk of laparoscopic surgery in an 
elderly patient.

Laparoscopic cholecystectomy has significant implica-
tions in the treatment of elderly patients with gallstone dis-
ease. Several studies have reported favorable results in 
elderly individuals undergoing the laparoscopic procedure 
compared to those with the open approach [95–98]. A study 
of 233 patients by Massie et al. [95], demonstrated a seven-
fold reduction in postoperative morbidity following laparo-
scopic cholecystectomy compared to open cholecystectomy 
in elderly patients and younger patients with clinically sig-
nificant associated illnesses. A more extensive study of 1,677 
patients at McGill University reported similar results [96]. 
As expected, elderly patients in this study were much more 
likely to present with evidence of complicated gallstone dis-
ease and were nearly twice as likely to require conversion to 
open cholecystectomy. The mortality rate of 0.6% for elderly 
patients was roughly five times higher than that for patients 
under 65 years of age [96] but was markedly lower than rates 
reported for open cholecystectomy in the same age group 
[5]. Complication rates were also significantly lower after 
laparoscopic cholecystectomy in the elderly compared to the 
historical complication rate following open cholecystectomy 
[96]. In particular, laparoscopic cholecystectomy in the older 
patients results in less postoperative impairment of pulmo-
nary function compared to open cholecystectomy [99].

There are few absolute contraindications to laparoscopic 
cholecystectomy. These include an uncorrected coagulopa-
thy and the inability to tolerate general anesthesia [16]. 
Conditions that may increase a patient’s risks for postopera-
tive complications of laparoscopic cholecystectomy include 
cardiopulmonary disease, immunosuppression, and cirrhosis 
with portal hypertension [100]. These factors are particularly 
pertinent during the preoperative risk assessment of elderly 
patients, as their presence is associated with an increased 
frequency of complications [98].

For those patients who are unwilling or unable to tolerate 
cholecystectomy, the nonoperative methods for treating 
chronic cholecystitis are primarily oral and contact dissolu-
tion as well as extracorporeal shock wave lithotripsy. These 
methods are limited by their variable efficacy, requiring 
careful patient selection. Furthermore, even when they suc-
cessfully achieve clearance of gallstones, the rate of recur-
rent cholelithiasis approaches 50% over 5 years [16]. It must 
be noted that although these methods may find application 
in the treatment of uncomplicated symptomatic 
cholelithiasis, they should not be used to treat compli
cated gallstone disease [101].

Oral dissolution therapy involves the use of litholytic 
bile  acids. These substances act primarily by inhibiting 
the  enzyme HMG-CoA reductase, thus decreasing the 
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biosynthesis of cholesterol and the saturation of cholesterol 
in bile [101]. Chenodeoxycholic acid (CDCA) was the first 
of these agents to be used in the dissolution of gallstones 
[102]. CDCA had an unfavorable side effect profile and 
poor efficacy and in 1988 was replaced by ursodeoxycholic 
acid (UDCA) [103]. Patients eligible for UDCA therapy 
include those with a history of biliary colic, radiolucent 
stones less than 1.5–2.0  cm in diameter, and a functional 
gallbladder. By these selection criteria, only 10–20% of 
those undergoing cholecystectomy would be eligible for 
UDCA therapy [5]. The dose is 8–10 mg/kg/day [102], and 
the expense of therapy is approximately $2,000 per year [5]. 
Although better than the results with CDCA, treatment with 
UDCA has limited efficacy, with complete dissolution 
occurring in 40% and partial dissolution in 20% after 2 years 
of therapy [104].

Contact dissolution therapy was first described in the late 
1800s and is of historical interest only since it is not used 
today [105]. In this technique, a catheter is placed transhe-
patically into the gallbladder, and organic solvents are infused 
to dissolve gallstones. Its use was reevaluated in 1972 when 
Admirand and Way reported use of contact dissolution ther-
apy to eradicate retained common duct stones [106]. The 
most commonly used solvent is methyl tert-butyl ether 
(MTBE). The efficacy of contact dissolution with MTBE is 
reported to be quite high, with complete dissolution of stones 
in more than 90% of patients [107]. Disadvantages of this 
technique, however, include a relatively high recurrence rate 
[108] and cost.

Extracorporeal shock wave lithotripsy (ESWL) for the 
treatment of gallstones was introduced in 1985 [109]. It is 
used to fragment gallstones into particles small enough to be 
expelled by a functional gallbladder and often requires the 
use of general or epidural anesthesia. Patients eligible for 
ESWL include those with a history of biliary colic who have 
one to three radiolucent stones with a combined diameter not 
exceeding 3 cm and a functional gallbladder [5]. Again, this 
topic is mostly of historical interest, as it is rarely used in the 
era of laparoscopic cholecystectomy.

In summary, laparoscopic cholecystectomy has found 
wide application for treatment of chronic cholecystitis, 
regardless of age, and has supplanted open cholecystectomy 
as the new gold standard. The overall improvement in mor-
tality rates and the clear demonstration of the benefits of 
laparoscopic compared to open cholecystectomy specifi-
cally in the elderly, makes it the preferred procedure for 
definitive treatment of chronic cholecystitis even in the 
elderly. The crux is diagnosing symptomatic gallstone dis-
ease at an early stage to allow elective rather than emergency 
cholecystectomy. Although it must be acknowledged that 
age increases the risk for cholecystectomy, it is crucial to 
understand how this risk is magnified when emergency sur-
gery is required.

Acute Cholecystitis

Acute cholecystitis is by far the most common complication 
of gallstone disease. It typically results from cystic duct 
obstruction due to impaction of a stone in the cystic duct itself 
or in Hartmann’s pouch, with resultant bile stasis and disten-
sion of the gallbladder. The consequent mucosal release of 
lysolecithin, prostaglandins, and phospholipase A result in 
local inflammation. Bile becomes secondarily infected, 
resulting in positive bile cultures in nearly three-fourths of 
patients with acute cholecystitis [16]. The organisms most 
commonly isolated include Escherichia coli, Klebsiella, and 
Enterococcus species [3].

The classic presentation of acute cholecystitis includes 
fever and localized right upper quadrant abdominal pain [4]. 
Initially the pain may resemble that of biliary colic, but it 
differs in its longer duration and greater propensity to local-
ize to the right upper quadrant. Patients often have associated 
nausea and vomiting. Physical examination typically yields 
right upper quadrant tenderness and a positive Murphy’s 
sign. Laboratory values usually reveal a mild to moderate 
polymorphonuclear leukocytosis and may demonstrate a 
mild rise in transaminases, bilirubin, and alkaline phos-
phatase [3], but liver function studies are not universally 
elevated in those patients experiencing acute cholecystitis.

Acute cholecystitis in the elderly can be a diagnostic chal-
lenge, as the presentation is commonly atypical [110] and 
may vary widely. Abdominal pain remains a common pre-
senting symptom but is often not accompanied by nausea, 
vomiting, fever, or leukocytosis [6]. Symptoms, however, 
may be minimal and the presentation may be nonspecific 
mental and physical disability alone. At the opposite end of 
the spectrum, nearly 12% of elderly patients with acute 
cholecystitis present in septic shock [111]. The physical 
examination may also be misleading. Morrow et al. reported 
that nearly 40% of elderly patients presenting with acute 
cholecystitis were afebrile, and more than half did not have 
peritoneal signs on examination. The absence of these find-
ings did not correlate with milder disease, as 40% of the 
patients studied had severe complications including gallblad-
der empyema, gangrenous cholecystitis, and gallbladder per-
foration [68]. Given the variability and atypical features of 
presentation, the initial diagnostic accuracy of acute abdomi-
nal pain in patients over age 80 is only 29%, which is signifi-
cantly lower than in younger patients [112].

When acute cholecystitis is suspected, the diagnosis may 
be established by the ultrasonographic findings of gallbladder 
distension and wall thickening with intramural sonolucency, 
pericholecystic fluid, cholelithiasis or gallbladder sludge (or 
both), and a sonographic Murphy’s sign. Ultrasonography 
may also provide valuable information about the status of the 
pancreas and biliary tree [4]. It is important to recognize, 
however, that the presence of gallbladder wall thickening or 
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fluid around the gallbladder may not be specific for acute 
cholecystitis. A review by Shea et al. [74] reported the sensi-
tivity and specificity of ultrasonography for acute cholecysti-
tis as 94 and 78%, respectively.

Cholescintigraphy is also useful in the diagnosis of acute 
cholecystitis. Visualization of the gallbladder typically 
occurs within half an hour of the administration of tracer. If 
the gallbladder fails to visualize after 45 min, an intravenous 
dose of morphine may facilitate visualization by promoting 
sphincter of Oddi contraction, thereby diverting flow of 
tracer into the gallbladder [113], assuming that the cystic 
duct is patent. Nonvisualization of the gallbladder indicates 
obstruction of the cystic duct, a finding that is highly sugges-
tive of acute cholecystitis. The sensitivity and specificity of 
cholescintigraphy for acute cholecystitis are 93 and 91%, 
respectively [74].

As mentioned previously, laparoscopic cholecystectomy 
is now considered the new gold standard treatment for 
elective management of cholecystitis, both chronic and 
acute. The results of laparoscopic cholecystectomy in 
elderly patients with acute cholecystitis have been encour-
aging. Lo et  al. [114] reported morbidity and mortality 
rates of 26.7 and 0%, respectively, in their study of elderly 
patients undergoing laparascopic cholecystectomy for 
acute cholecystitis. The conversion rate to open cholecys-
tectomy was comparable to that for the general population. 
Common bile duct stones were present in four of ten elderly 
patients evaluated by endoscopic retrograde cholangiopan-
creatography (ERCP). Elderly patients, however, had a 
longer hospital stay than those under age 65, owing to 
greater delays in resumption of regular diet and return to 
ambulatory status [114].

Although cholecystectomy is the treatment of choice for 
acute cholecystitis, patients for whom the risk of immediate 
definitive surgery is considered too high may benefit from 
several forms of limited intervention. These methods are fre-
quently used as temporizing procedures in critically ill 
patients who later can tolerate cholecystectomy [115]. 
Traditionally, decompression of the gallbladder by placing a 
tube that drained externally (cholecystostomy) was the oper-
ative alternative to cholecystectomy. The surgical approach 
to cholecystostomy has even been reported to be effective as 
a curative procedure in patients unable to tolerate a more 
extensive operation [116]. Percutaneous cholecystostomy 
may be performed under ultrasound guidance at a patient’s 
bedside [117]. Van Steenbergen et al. assessed the outcomes 
of elderly patients treated with cholecystostomy for compli-
cated acute cholecystitis and demonstrated rapid improve-
ment in all patients after percutaneous decompression of the 
gallbladder. Half of the patients studied underwent elective 
cholecystectomy 1–12  weeks after cholecystostomy [118]. 
Mortality rates for cholecystostomy are typically about 
10% and relate largely to the severity of illness in 

patients requiring this procedure [119]. Morbidity is also 
acceptably low for this procedure. Once acute cholecystitis 
has resolved, the role of elective laparoscopic cholecystec-
tomy remains a topic of debate. While it seems self-evident 
that cholecystectomy would be definitive treatment, it is dif-
ficult to recommend routine cholecystectomy in this high-
risk group, even under elective circumstances, particularly 
when no impact on overall survival can be demonstrated 
[120]. The decision regarding interval cholecystectomy must 
be made on an individual basis, weighing the likelihood of 
recurrent acute cholecystitis (feasibility of percutanous 
extraction of stones, size of residual stones), the presence of 
coincident common bile duct stones, and the degree of risk 
related to comorbidities. For those who are not surgical can-
didates, cholecystostomy tubes may be removed 4  weeks 
after resolution in elderly or debilitated patients [119].

Gallbladder Perforation and Gallstone Ileus

Elderly patients are more likely than the young to 
suffer complications of acute cholecystitis, such as gangre-
nous cholecystitis, gallbladder perforation, and emphysema-
tous cholecystitis [4]. Rates of gallbladder perforation 
in acute cholecystitis are reportedly as high as 8% in some 
series [121], with associated mortality rates approaching 
40% for acute rupture [122]. Perforation of the gallbladder 
may be categorized using the Niemeier classification as acute 
(type I) with associated bile peritonitis, subacute (type II) 
with abscess formation in the area of the gallbladder, or 
chronic (type III) with perforation and fistula formation 
between the gallbladder and either the skin, bile duct, or 
digestive tract [123]. Perforation typically occurs at the site 
of the gallbladder fundus, the area of least blood supply 
[124]. A study by Roslyn and Busuttil demonstrated that this 
condition occurs more commonly in elderly patients, proba-
bly relating to gallbladder wall ischemia associated with ath-
erosclerotic splanchnic vessels and limitations in cardiac 
output [125]. The mechanisms implicated in the develop-
ment of gallbladder perforation involve obstruction of the 
cystic duct leading to gallbladder distension with subsequent 
vascular impairment resulting in ischemia, necrosis, and per-
foration of the wall [126]. It has also been noted that acute 
perforation is more common in young patients, whereas 
elderly patients are more likely to develop chronic perfora-
tion with fistula formation [127]. Complications of chronic 
perforation arise when gallstones traverse the fistulous tract 
and cause obstruction in areas of the gastrointestinal tract. 
Gallstone ileus accounts for nearly one-fourth of all cases of 
intestinal obstruction in aged patients [128].

The clinical presentation of acute gallbladder perforation 
is similar to that of acute cholecystitis. Patients frequently 
present with abdominal pain, nausea, and fever. Laboratory 
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findings typically include polymorphonuclear leukocytosis 
and elevations in transaminases as well as in alkaline phos-
phatase, g-glutamyl transpeptidase, and bilirubin. The diag-
nosis of gallbladder perforation can be aided by several 
diagnostic modalities, including plain abdominal films, ultra-
sonography, computed tomography (CT), cholangiography, 
and radionuclide scanning. Radiographic findings may 
include calculi within the right upper quadrant (representing 
spilled gallstones) or soft tissue masses within the area (sug-
gesting the presence of a pericholecystic abscess) [129]. 
Typical findings in gallstone ileus include evidence of a small 
bowel obstruction, air in the biliary tree, and a radiopaque 
density in the right lower quadrant [4]. Ultrasonographic 
findings of pericholecystic fluid collections with free perito-
neal fluid, disappearance of the gallbladder wall, and find-
ings consistent with emphysematous cholecystitis are highly 
suggestive of gallbladder perforation [130]. CT scanning has 
been shown to be superior to ultrasonography for diagnosing 
gallbladder perforation, using criteria of pericholecystic fluid 
collection, streaky omentum, and a gallbladder wall defect 
on CT [131].

The treatment of gallbladder perforation relates mainly to 
the acuteness of the problem and the presence of associated 
disease. Acute perforation is often not diagnosed preopera-
tively in patients undergoing cholecystectomy for acute 
cholecystitis. One should have a high index of suspicion for 
acute perforation in any patient with a history of immune 
suppression or vascular disease who presents with abdomi-
nal tenderness localized to the right upper quadrant [125]. 
Initial management in patients with suspected acute perfora-
tion consists of intravenous hydration, and antibiotic cover-
age followed by cholecystectomy. Chronic perforation tends 
to occur in older individuals with a history of long-standing 
cholelithiasis and is often only recognized when patients 
present with small bowel obstruction related to the gallstone. 
Patients with this condition are treated by removal of the 
offending stone at laparotomy to relieve the obstruction. 
Cholecystectomy with fistula repair at the time of laparo-
tomy is generally not recommended for elderly patients with 
significant comorbidities in the absence of acute biliary tract 
disease.

Emphysematous Cholecystitis

Another complication of acute cholecystitis that occurs with 
greater frequency in the elderly population is emphysema-
tous cholecystitis [132], which is a peculiar variant of acute 
cholecystitis caused by gas-forming bacteria [133]. It is char-
acterized by the appearance of gas in the gallbladder lumen 
or wall on abdominal radiographs [134] and has an overall 
mortality rate approaching 15% [12]. It occurs more fre-
quently in diabetic patients and is less likely to be associated 

with stones than is the usual form of acute cholecystitis 
[133]. It is believed to be caused by bacterial invasion of the 
gallbladder wall, most frequently by bacteria of the 
Clostridium species with E. coli often found as a copatho-
gen. This form of acute cholecystitis often progresses to 
gallbladder gangrene and perforation.

Patients with emphysematous cholecystitis present with 
signs and symptoms consistent with acute cholecystitis and 
few added features [134]. In fact, patients are less likely to be 
febrile and often do not exhibit severe localized abdominal 
tenderness. Laboratory findings may reveal leukocytosis of 
less than 16,000/mm [3]. The most distinguishing character-
istic in these patients is the presence of air within the gall-
bladder lumen or wall [132]. Three stages of emphysematous 
cholecystitis have been described radiographically and relate 
to the progression of disease, including findings of gas in the 
gallbladder lumen, the gallbladder wall, and finally the peri
cholecystic space. The latter two stages are pathognomonic 
for emphysematous cholecystitis. Ultrasonography has lim-
ited application in the diagnosis of emphysematous chole-
cystitis, as air within the tissues may lead to nonvisualization 
of the gallbladder [135]. CT scan findings include visualiza-
tion of gas within the gallbladder or gallbladder wall 
(Fig. 73.2) [132].

Treatment of emphysematous cholecystitis is surgery 
after the patient has been adequately stabilized. Delays in 
surgical treatment of this condition can be devastating. 
Appropriate antibiotic coverage both pre- and postopera-
tively is imperative and should include coverage for anaer-
obes and gram-negative pathogens as well as for Clostridium 
organisms. Although there is some controversy regarding 
timing of laparotomy, all agree that rapid clinical deteriora-
tion with a palpable mass in the right upper quadrant sanc-
tions immediate cholecystectomy. Reports suggest that a 
laparoscopic approach is feasible in these patients [136].

Figure  73.2  Computed tomography scan showing air within the 
gallbladder wall consistent with emphysematous cholecystitis.
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Choledocholithiasis

Common duct stones are classified as primary or secondary 
depending on their site of origin. Primary duct stones, or 
stones that form within the common bile duct, are rare and 
account for a small fraction of cases of choledocholithiasis. 
This subtype of common duct stone is typically associated 
with infection [5]. Most cases of choledocholithiasis are due 
to the presence of secondary stones that arise in the gallblad-
der and later migrate into the common bile duct. The compo-
sition of these stones is similar to that of stones found 
primarily in the gallbladder, consisting of cholesterol and 
varying degrees of calcium bilirubinate [16].

The incidence of choledocholithiasis increases consider-
ably with age. Common duct stones are reported to occur in 
10% of the general population undergoing cholecystectomy 
and in up to 50% of patients in their 70s requiring surgery for 
symptomatic cholelithiasis [5]. Additionally, elderly patients 
with common bile duct stones are more likely to have posi-
tive bile cultures [137]. The reasons for this discrepancy are 
yet to be elucidated. Untreated common duct stones may 
lead to complications of cholangitis, pancreatitis, and 
obstructive jaundice [134].

The clinical presentation of patients with choledo
cholithiasis varies depending on the degree of ductal obstruc-
tion and the severity of associated complications. The range of 
symptoms is broad, as patients may be completely asymptom-
atic or may present with symptoms typical of life-threatening 
conditions such as ascending cholangitis. Choledocholithiasis 
should certainly be suspected in any patient who presents with 
cholelithiasis and associated jaundice. This presentation is 
common in patients with common duct stones; however, 
10–20% of patients present with symptoms of cholangitis or 
pancreatitis [138]. Patients who present with cholangitis may 
exhibit the classic triad of fever, right upper quadrant abdomi-
nal pain, and jaundice; but it is important to recognize that 
more than half of the patients who present with cholangitis do 
not exhibit all three of these findings [16]. Laboratory values 
commonly reveal significant elevations in alkaline phos-
phatase, bilirubin, and g-glutamyl transpeptidase [139], with 
elevations in the leukocyte count, amylase, and lipase in 
patients presenting with complications of choledocholithiasis 
[5]. Abnormal liver function tests, however, are absent in some 
individuals with documented common duct stones.

Several studies have attempted to identify predictors of 
choledocholithiasis. Factors that may lead one to suspect the 
presence of common duct stones include common bile duct 
dilation on ultrasonography, age exceeding 60 years, serum 
bilirubin higher than 2.5 mg/dl [140], and the presence of 
acute or chronic cholecystitis [141]. The sensitivity of ultra-
sonography in the evaluation of choledocholithiasis is fairly 
low, however, with highest estimates around 60% [142]. 
CT may reveal biliary ductal dilatation but is typically used 
to evaluate malignant rather than benign common duct 

obstruction. ERCP and percutaneous transhepatic cholang-
iography (PTC) provide the most accurate means of diagnos-
ing choledocholithiasis [5]. Intraoperative cholangiography 
is useful for this diagnosis in patients undergoing cholecys-
tectomy [143]. MR cholangiography may be helpful in eval-
uating for choledocholithiasis (Fig. 73.3).

When considering treatment for patients with choledo-
cholithiasis, one must consider the specific conditions 
under which they occur as well as the advantages and dis-
advantages of the various forms of treatment. Various endo-
scopic, radiologic, and surgical methods are available for 
the treatment of common duct stones. The presence of cho-
ledocholithiasis has a major impact on patient outcome in 
those undergoing cholecystectomy for symptomatic gall-
stone disease and therefore must be carefully assessed pre-
operatively [144].

Most agree that patients who are suspected of harboring 
common duct stones prior to elective or emergent cholecys-
tectomy should have ERCP. Patients who are found to have 
stones at this time may then undergo endoscopic sphinctero-
tomy (ES) with possible stone extraction [145]. ES has been 
shown to be the treatment of choice for patients with acute 
cholangitis [146] or acute pancreatitis [147] before chole-
cystectomy is performed. Successful stone clearance is pos-
sible in more than 90% of patients undergoing ES [148]. 
Mortality and complication rates for ES are reported to be 
0.3 and 4.0%, respectively, for patients under 65  years of 
age. These rates increase to 0.4 and 6.5% in patients age 
65 years or older [149]. Complication rates are noted to be 
higher when ES is performed in the absence of common duct 
dilation [150].

Figure 73.3  Magnetic resonance image demonstrating acute cholecys-
titis and common bile duct stones.
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Choledochotomy at the time of open cholecystectomy 
was the treatment of choice for choledocholithiasis before 
the advent of laparoscopic cholecystectomy, endoscopic 
sphincterotomy, and other nonsurgical methods [151]. When 
open cholecystectomy is performed, common bile duct 
exploration (CBDE) is effective in clearing the duct of stones 
in 98% of cases. Unfortunately, this procedure is associated 
with a significant increase in operative morbidity and 
mortality, particularly in elderly patients. Because of this 
additional risk, intraoperative cholangiography is used to 
avoid unnecessary CBDE. In the critically ill patient, man-
agement of choledocholithiasis during open cholecystectomy 
may be restricted to placement of a T-tube. Subsequent clear-
ance of common bile duct stones can be achieved by ES or 
radiologic manipulation via the T-tube tract, which is suc-
cessful in more than 70% of patients [152].

The presence of associated choledocholithiasis compli-
cates laparoscopic treatment of symptomatic gallstone dis-
ease. Ideally, patients with common duct stones are 
identified preoperatively and undergo ES with stone 
removal. Roughly 2–3% of patients with choledocholithia-
sis, however, do not have any associated laboratory or ultra-
sonographic evidence of common duct pathology [153]. 
The routine use of intraoperative cholangiography (IOC) 
may identify these patients and prevent the occurrence of 
retained common duct stones [154]. In the past, patients in 
whom common duct stones have been identified have tradi-
tionally undergone either conversion to open cholecystec-
tomy with CBDE or completion of the cholecystectomy 
laparoscopically followed by ES in 1–2  weeks. More 
recently, laparoscopic CBDE has become part of the arma-
mentarium against choledocholithiasis. Although still not 
widely used, this method has been shown to be effective in 
clearing more than 90% of common bile duct stones [155]. 
Choledocholithiasis discovered after cholecystectomy is 
best treated by ES.

There are several nonsurgical treatment modalities for 
treating choledocholithiasis in elderly and debilitated patients 
who also have cholelithiasis, but who are poor surgical can-
didates. ES has become the treatment of choice for common 
bile duct stones in this situation [156]. Adjunctive therapies 
to ES in the case of unretrievable common duct stones 
include the use of both intra- and extracorporeal lithotripsy 
[157] and temporary biliary stenting [158]. Permanent bil-
iary stenting is associated with a high incidence of late com-
plications and should be reserved for elderly patients with a 
short life expectancy [158]. The decision to forego cholecys-
tectomy following ES for choledocholithiasis should be 
made not on the basis of chronologic age alone, but rather on 
an assessment of surgical risk [159].

Endoscopic sphincterotomy can be challenging in elderly 
patients. In their study of 182 patients, Deenitchin et al. [160] 
reported that elderly patients had a higher frequency of peri-
ampullary diverticula and were much more likely to require 

lithotripsy, nasobiliary drainage, and biliary stenting than 
younger patients. Elderly patients typically had larger and 
more abundant stones.

Acalculous Cholecystitis

Symptoms of gallstone disease may arise in the absence of 
documented cholelithiasis. Patients with chronic acalculous 
cholecystitis typically describe pain identical to that noted by 
patients with calculous biliary disease and often tell of 
extrabiliary symptoms of nausea, vomiting, and fatty food 
intolerance [161]. Although ultrasonography reveals no abnor-
malities, cholecystokinin-stimulated cholescintigraphy (CSC) 
characteristically reveals pain after CCK injection associated 
with a low gallbladder ejection fraction (<35%), nonvisualiza-
tion of the gallbladder, or an absence of gallbladder emptying 
[162]. The treatment of chronic acalculous cholecystitis is 
identical to that for chronic cholecystitis secondary to chole-
lithiasis, which is either laparoscopic or open cholecystectomy 
[163]. Histologic examination of gallbladders following 
cholecystectomy for chronic acalculous cholecystitis often 
reveals evidence of chronic inflammation, cholesterolosis, and 
microscopic cholesterol crystallization. Predictors of symp-
tom relief following cholecystectomy include a convincing 
history of true biliary colic in conjunction with cholescinti-
graphic evidence of gallbladder dysfunction.

Acute acalculous cholecystitis is a grave complication of 
critical illness and trauma [164] that has also been associated 
with extensive surgical procedures [165], total parenteral 
nutrition [166], and the acquired immunodeficiency syn-
drome (AIDS) [167]. This form of cholecystitis is also 
associated with high rates of gangrene and perforation [168]. 
Mortality rates for acute acalculous cholecystitis are high, 
reaching 50% in some reports.

Factors thought to be implicated in the pathogenesis of acute 
acalculous cholecystitis involve bile stasis, hyper-alimentation, 
gallbladder ischemia, and systemic infection [168]. Bile stasis 
in critically ill individuals may be related to prolonged narcotic 
use or mechanical ventilation, resulting in increased biliary 
concentration of lysophosphatydil choline, which may in turn 
lead to inflammatory changes in the gallbladder wall [169]. 
Total parenteral nutrition has also been implicated in the patho-
genesis of acalculous cholecystitis, with gallbladder sludge 
occurring in 100% of patients after 6  weeks of hyper-
alimentation.

The clinical presentation of acute acalculous cholecystitis 
is similar to that of acute cholecystitis due to calculous 
gallbladder disease. It has been suggested that this diagnosis 
be entertained in any critically ill septic patient with no appar-
ent source of their sepsis [167]. Ultrasonography, cholescin-
tigraphy, and CT are useful for supporting a diagnosis of 
acute acalculous cholecystitis (AAC). Ultrasonographic 
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findings supportive of a diagnosis of AAC include gallbladder 
wall thickness exceeding 3.5  mm, the presence of sludge 
within the gallbladder, pericholecystic fluid, or the presence 
of gas within the gallbladder wall. These criteria also apply 
to the diagnosis of AAC by CT scan.

Acute acalculous cholecystitis is often treated with per-
cutaneous cholecystostomy, as most patients with this 
condition are too ill to tolerate general anesthesia. In fact, 
there are some who suggest that percutaneous cholecys-
tostomy may obviate the need for cholecystectomy in 
patients with acalculous cholecystitis [170].

Benign Disease of the Pancreas

With increased use of imaging, including computed tomog-
raphy, pancreatic neoplasms are diagnosed more frequently 
and are often identified in elderly individuals. The natural 
history of pancreatic neoplasms is widely variable, with a 
relatively favorable prognosis for some and a dismal outlook 
for others. The appropriate management of these neoplasms 
requires a comprehensive knowledge of benign, premalig-
nant, and malignant lesions. The most frequently identified 
of these lesions are cystic neoplasms, thus will be the focus 
of the discussion in this chapter. The management of acute 
pancreatitis and malignant disease of the pancreas in geriat-
ric patients is beyond the scope of this review.

Previously accounting for less than 5% of recognized 
pancreatic neoplasms, cystic neoplasms of the pancreas are 
now diagnosed more frequently, certainly because of the 
increased use of abdominal imaging [171]. The cystic neo-
plasms include serous cystadenomas (SCA), mucinous cys-
tic neoplasms (MCN), and intraductal papillary mucinous 
neoplasms (IPMN), with these three families (benign and 
malignant varieties) comprising more than 95% of pancre-
atic cystic neoplasms (Table 73.1). Many are diagnosed inci-
dentally on abdominal imaging, although some patients 
present with abdominal pain and/or pancreatitis [172]. It is 
critical to differentiate inflammatory pseudocyst from cystic 
neoplasms of the pancreas, as pseudocysts still account for 
the majority of cystic lesions of the pancreas [173] and the 
treatments are completely different.

Serous Cystadenoma

Serous cystadenomas account for 32–39% of all cystic 
pancreatic neoplasms [174]. They occur more frequently 
in women, with a peak incidence between 50 and 80 years 
of age [175], and may also be associated with the von 
Hippel–Lindau syndrome [176]. A significant proportion 
of these neoplasms are diagnosed incidentally by 
ultrasound or CT scan done for other reasons. Symptoms 
occur in 50–80% of patients, most often abdominal pain 
[177, 178]. When large and located in the head of the 
gland, they may produce obstructive jaundice. The loca-
tion of SCA is fairly evenly distributed throughout the 
pancreas, with a slightly higher predominance in the body 
and tail. Serous cystadenomas, once termed microcystic 
adenomas, may appear either spongiform (honeycomb), 
multicystic, or unilocular on CT or MRI. The presence of 
a central scar (sunburst calcification) is highly suggestive 
for this neoplasm, though it is found in only 20% of cases 
(Fig.  73.4) [179, 180]. Histologically, serous cystade-
nomas are characterized by simple, glycogen-rich 
cuboidal epithelium and have a very low potential for 
malignancy, with only a few cases reported in the litera-
ture [181]. ERCP or MRCP may be useful for distinguish-
ing serous cystadenomas from other cystic lesions in that 
the serous tumors almost never communicate with the 
duct system whereas communication is common in pan-
creatic pseudocysts, IPMNs, and perhaps MCNs. When 
imaging is equivocal, cyst aspiration may be performed 
with cytologic analysis of the fluid for a variety of bio-
chemical and tumor markers [182]. Growth rates are vari-
able, though tumors that are <4  cm at presentation 
have been shown to grow at a rate of 0.12 cm/year whereas 
tumors 4  cm or larger at presentation grow at a much 
faster rate (2 cm/year) [183]. Recommendations based on 
this natural history data include resection for patients with 
serous cystadenomas 4 cm or larger who have a reasonable 
life expectancy [183]. Observation of serous cystadenomas 
with serial imaging is feasible if there are no symptoms 
or  complicating circumstances [180], but some authors 
recommend resection in all patients with acceptable 
operative risk [184].

Table 73.1  Epidemiologic and biologic characteristics of pancreatic cystic neoplasms [173]

Type Sex predilection Peak decade of life % of cystic neoplasms Malignant potential/natural history

Serous cystadenoma Female 7th 32–39 Resection curative, cystadenocarcinoma 
very rare

Mucinous cystic neoplasm Female 5th 10–45 Resection curative if adenoma or 
borderline, diminished prognosis 
if invasive cancer present

Intraductal papillary 
mucinous neoplasm

Equal distribution 6–7th 21–33 Excellent prognosis if adenoma or 
borderline, diminished prognosis 
if invasive cancer present

Source: Data from Brugge et al. [173]
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In the elderly population, these lesions can be followed 
with serial imaging if the diagnosis is certain and if they are 
under 4 cm. If lesions are over 4 cm, a careful assessment of 
risk of resection must be weighed against patient comorbidi-
ties. Lesions in the tail are commonly treated with distal pan-
createctomy with or without splenectomy, while lesions in 
the head of the gland are treated with conventional pancrea-
ticoduodenectomy. Lesions in the neck or body may be 
treated with middle-segment pancreatectomy [185]. 
Enucleation has been described for small cystic lesions but 
has been associated with excessive numbers of pancreatic 
fistulas [186]. Enucleation with the use of intraoperative 
ultrasound and closure of the pancreatic defect may be safer 
in some situations [187].

Mucinous Cystic Neoplasm

Mucinous cystic neoplasms account for 10–45% of all cystic 
pancreatic neoplasms [183]. Three stages are described by the 
World Health Organization: benign (adenomatous), low-grade 
malignant (borderline), and malignant (carcinoma in situ and 
invasive cancer) [188]. They are much more common in 
women than men, 90–100% in all series, and are generally 
found in the pancreatic body and tail in individuals between 
the ages of 50 and 70 years of age [185, 188]. Patients with 
MCN often present with symptoms of abdominal pain [188]. 
The lesions may be unilocular or multilocular [189]. Peripheral 
calcification on CT scan is specific for this lesion (Fig. 73.5), 
and when present, is suggestive for the presence of malig-
nancy [190]. Because MCN infrequently communicate with 
the duct system, ERCP or MRCP may be helpful in distin-
guishing these from IPMNs. Cyst aspiration, most often 
guided by EUS, is used to demonstrate the presence of mucin, 
malignant cells, or elevated tumor markers such as CA 72-4 

[191], CA 19-9 [192], or CEA. The most reliable and 
accessible indicators of MCN are a positive stain for mucin 
and a CEA level >192 ng/ml [191]. Histologically, they are 
characterized by a dense ovarian-like stroma, which differen-
tiates them from IPMNs. As a group, MCN have a relatively 
high malignant potential. A recent study identified several risk 
factors for malignancy in mucinous cystic neoplasms, includ-
ing advanced age, presence of symptoms, and the presence of 
large cysts and mural nodules on CT scan [193]. Five-year 
survival rates for patients undergoing resection for mucinous 
cystic neoplasms are excellent (100%) if histology reveals 
adenoma to minimally invasive carcinoma but are much lower 
(37%) if invasive cancer is present [193]. These lesions are 
less commonly found in the elderly population; however, do 
warrant resection if the operative risk is acceptable.

Intraductal Papillary Mucinous Neoplasm

Intraductal papillary mucinous neoplasms are mucus-
producing tumors of the epithelial lining of the pancreatic 
duct and at present account for 21–33% of pancreatic cystic 
neoplasms [173]. It may be difficult to distinguish between 
branch-duct IPMNs and mucinous cystic neoplasms. IPMN 
occur at least as often in males and are usually diagnosed in 
patients between 60 and 70 years of age [194]. Most patients 
are symptomatic; at least 25% of patients report epigastric 
discomfort or backache [195] and almost as many have expe-
rienced at least one episode of pancreatitis [196]. The patho-
genesis of acute pancreatitis is thought to be due to blockage 
of the pancreatic duct with viscid mucus.

IPMNs occur most frequently in the head of the pancreas 
and are classified into three types based on location in the 
duct system: main duct, side-branch, and mixed types [196]. 
CT or MRI may demonstrate evidence of a cystic pancreatic 

Figure 73.4  CT scan of serous cystadenoma (adapted with permission 
from Wargo and Warshaw [207]).

Figure 73.5  CT scan of a mucinous cystic neoplasm.
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mass with or without dilation of the main pancreatic duct, 
and MRCP can assess the degree of ductal dilation, the pres-
ence of mural nodules, and any communication between the 
cystic lesion and the pancreatic duct (Fig. 73.6) [197]. Mucin 
extruding from a dilated pancreatic duct orifice, seen at 
endoscopy, is pathognomonic for IPMN, probably of the 
main-duct type. Injection of contrast into the pancreatic duct 
may show ductal dilation, filling defects (mucin or papillary 
growths), and cystic dilation of side branches off the main 
pancreatic duct [171]. Side-branch IPMN may not be visual-
ized by pancreatography, making the distinction from MCN 
uncertain. In some cases, endoscopic pancreatoscopy has 
been used to visualize the duct directly and to assess for 
mural nodules [198]. Interestingly, IPMNs are often associ-
ated with other malignancies at extra-pancreatic sites [199].

The malignant potential of these lesions is significant. 
Over 40% of patients in recent series who underwent 
resection for main-duct IPMN had evidence of invasive 
carcinoma [200], and as many more had borderline tumors 
or carcinoma in situ. A number of studies suggest that main-
duct IPMNs are more likely than branch-duct IPMNs to har-
bor malignancy [201].

Several factors have been identified which may be helpful 
in predicting malignancy in IPMNs. Involvement of the main 
pancreatic duct (in main-duct or mixed-type) is an indepen-
dent predictor of malignancy [202]. A large combined study 
from the University of Verona and the Massachusetts General 
Hospital identified cancer in 60% of patients with main-duct 
IPMNs [200]. Factors associated with a higher risk of malig-
nancy in patients with main-duct IPMNs in this study 
included older age, the presence of jaundice or new onset/
worsening of diabetes [200]. Risk factors associated with 
malignancy in main-duct, branch-duct, and mixed-type vari-
ants were identified in other studies and include the presence 
of mural nodules, jaundice, the presence of symptoms at pre-
sentation, and main pancreatic duct diameter >7 mm [202]. 
In branch-duct variants, the presence of mural nodules and 
tumor diameter >30 mm were predictive of invasive carci-
noma [202]. The presence of mucus at the time of endoscopy 
was associated with benign disease in one study, though this 
remains controversial [203].

The surgical management of IPMN is evolving as we 
gain more experience. An essential question is whether or 
not the neoplasms represent a localized process within an 
otherwise normal pancreas or if they arise within a field 
defect with the potential to give rise later to more neoplastic 
tissue in seemingly unaffected portions of the duct [204]. If 
IPMNs are part of a larger field defect involving the entire 
pancreas, it would be rational to consider total pancreatec-
tomy to eradicate all disease. However, the significant mor-
bidity associated with total pancreatectomy, including the 
management challenges of complete endocrine and exocrine 
insufficiency, must give pause. To date, most surgeons, 
including ourselves, subscribe to a policy of image-guided 
resection of the affected anatomic segment with intraopera-
tive frozen sections to ensure noninvolvement of the resec-
tion margins [200, 202, 205]. It is generally accepted that 
most main-duct lesions should be resected in patients who 
are appropriate surgical candidates [200].

IPMNs have a natural history that is very different than 
that of pancreatic adenocarcinoma. In the combined series 
with the Massachusetts General Hospital and the University 
of Verona, the overall survival for those undergoing resection 
for IPMNs with adenoma, borderline tumors, or carcinoma 
in situ was excellent: 100% at 5 years. Sixty percent of those 
with IPMNs and invasive cancer were alive at 5 years, and 
50% at 10 years. Not surprisingly, those patients with inva-
sive cancer and positive nodes (41%) had decreased survival 
compared to those with negative nodes, though in contrast to 
pancreatic adenocarcinoma, their survival was reasonable 
(45% at 5  years). Recurrences in the remnant pancreas 
occurred in only 7% [200]. These data were corroborated by 
the Hopkins group, though the percentage of patients pre-
senting with invasive cancer and positive lymph nodes was 
slightly higher [205].

Figure 73.6  MRI/MRCP of intraductal papillary mucinous neoplasm 
(IPMN) (adapted with permission from Wargo and Warshaw [207]).
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Management recommendations for branch-duct IPMNs 
are not quite as clearcut. In virtually all series, branch-duct 
IPMNs were less likely to harbor malignancy. In the recent 
series published from Johns Hopkins, 70% of branch-duct 
IPMNs were noninvasive compared to 50% of main-duct 
IPMNs [205]. Based on this, some have proposed a some-
what more selective approach for patients with branch-duct 
IPMNs. In general, branch-type IPMNs should be excised 
when they extend to the main duct, cause symptoms (such as 
acute pancreatitis), are large (>3 cm), when mural nodules 
are present, and when the main pancreatic duct diameter 
exceeds 7  mm [206]. If patients are asymptomatic and do 
have any of the above findings, they may be observed with 
close surveillance with CT scan every 6 months to 1 year. 
Others recommend a more aggressive posture, performing 
anatomic oncologic resections for any branch-duct IPMN in 
a suitable operative candidate [204]. Management strategies 

are likely to become clearer with more prospective data from 
specialized centers. An algorithm for management of cystic 
pancreatic lesions is shown in Fig. 73.7.

Conclusions

Benign disease of the gallbladder and pancreas remain major 
causes of morbidity and mortality worldwide, particularly in 
the elderly population. Their varied presentation in these 
patients clearly contributes to the complexity in treating 
these disorders. Advances in the diagnosis and therapy of 
biliary and pancreatic disease are likely to contribute to 
improvements in the care of elderly patients, but it is only 
with an astute understanding of the pathophysiology and 
treatment of these disorders that one can best manage these 
conditions in the elderly patient.
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Figure 73.7  Algorithm for management of pancreatic cystic neoplasms (adapted with permission from Wargo and Warshaw [207]).
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Gallbladder and bile duct cancers are relatively uncommon 
malignancies and tend to occur primarily in elderly patients. 
Although the overall prognosis of these malignancies remains 
poor, recent advances in hepatobiliary surgery, perioperative 
care, and adjuvant therapy have helped to improve overall 
survival and quality of life. A multidisciplinary approach in 
the management of these patients, including surgery, medical 
oncology, radiation oncology, and invasive radiology, is 
critical to achieving favorable results.

Gallbladder Cancer

Cancer of the gallbladder is an aggressive malignancy that 
occurs predominantly in elderly patients. It is strongly asso-
ciated with gallstones but is also linked with other geo-
graphic and genetic factors. With the exception of early-stage 
cases detected incidentally at the time of cholecystectomy 
for gallstone disease, the prognosis is poor. Most patients 
present with unresectable tumors, and most can be man-
aged nonoperatively. Recently, an aggressive surgical 
approach for patients with gallbladder cancer has produced 
encouraging results at several centers with acceptable mor-
bidity and mortality in the predominantly elderly patient 
population.

Incidence

Gallbladder cancer is the fifth most common gastrointestinal 
malignancy following cancer of the colon, pancreas, stom-
ach, and esophagus [1, 2]. Cancer of the gallbladder is two to 

three times more common in women than in men, in part due 
to the higher incidence of gallstones in women [1–3]. With 
the increase in age of the American population, the incidence 
of gallbladder cancer has gradually increased, with approxi-
mately 5,000 new cases diagnosed annually [4]. The overall 
incidence of gallbladder cancer in the USA is 2.5 cases per 
100,000 residents [1], with the incidence varying consider-
ably with both ethnic background and geographic location 
[5, 6]. In the USA, gallbladder cancer is more common in 
American Indians than in the non-Indian populations [6]. 
The annual incidence of gallbladder cancer in American 
Indian women with gallstones approaches 75 cases per 
100,000 [6]. Similarly, in Chile, where more than 50% of 
women over age 50 have gallstones, adenocarcinoma of the 
gallbladder is the leading cause of cancer deaths among 
women [7, 8].

Cancer of the gallbladder is a disease of the elderly. More 
than 75% of patients with this malignancy are over age 65 
[3]. The peak incidence of gallbladder cancer occurs within 
the 75- to 79-year age group. The median age for patients 
with gallbladder cancer (73 years) is more than the median 
age for patients with pancreatic (67  years) or extrahepatic 
bile duct (69 years) cancer.

Etiology

Several factors have been associated with an increased risk 
of developing gallbladder cancer. Mayo was the first who 
recognized an association between gallstones and gallblad-
der cancer [9]. More recently, an anomalous pancreatobiliary 
duct junction (APBDJ) and other biliary disorders, such as 
choledochal cysts and primary sclerosing cholangitis, have 
been associated with gallbladder cancer.

A strong association has long been noted between gall-
bladder cancer and cholelithiasis, which is present in 75–90% 
of cases [3]. The incidence of gallstones increases with age, 
and by age 75 about 35% of women and 20% of men in the 
USA have developed gallstones [4]. The incidence of 
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gallbladder cancer is approximately seven times more 
common in the presence of cholelithiasis and chronic chole-
cystitis than in people without gallstones [6]. Approximately 
1% of all patients with elective cholecystectomies performed 
for chronic cholecystitis and cholelithiasis harbor an occult 
gallbladder cancer [1, 10]. In the elderly patient population, 
this percentage is certainly higher [11].

The risk of developing gallbladder cancer is higher in 
patients with symptomatic gallstones than in those with 
asymptomatic gallstones [4]. In a review, Ransohoff and 
Gracie estimated the risk of developing gallbladder cancer in 
patients with symptomatic or asymptomatic gallstones [4]. 
The risk of developing gallbladder cancer (0.08% per year) 
was fourfold higher in patients with symptomatic gallstones 
over age 50  years than in those who were asymptomatic. 
Similar results have been observed in a multicenter study 
evaluating 196 patients with gallbladder cancer [12]. Twenty-
eight percent of patients developing gallbladder cancer had 
undergone a medical evaluation for gallbladder disease in the 
past. A history of symptoms suggestive of gallbladder dis-
ease occurred significantly less frequently in control subjects 
without cancer.

Pathology and Staging

Ninety percent of cancers of the gallbladder are classified 
as adenocarcinoma [3]. Six percent of gallbladder cancers 
demonstrate papillary features on histologic examination. 
These tumors are commonly diagnosed while localized to 
the gallbladder and are also associated with an improved 
overall survival [3]. At diagnosis, 25% of cancers are 
localized to the gallbladder wall, 35% have associated 
metastases to regional lymph nodes or extension into adja-
cent organs, and 40% have already metastasized to distant 
sites [3].

Lymphatic drainage from the gallbladder occurs in a 
reproducible, predictable fashion and correlates with the pat-
tern of lymph node metastases seen with gallbladder cancer 
[13, 14]. Lymph flow from the gallbladder initially drains to 
the cystic duct node and then descends along the common 
bile duct to the pericholedochal lymph nodes. The flow then 
proceeds to nodes posterior to the head of the pancreas and 
then to the interaortocaval lymph nodes. Secondary routes of 
lymphatic drainage include the retroportal and right celiac 
lymph nodes [14].

Hepatic involvement with gallbladder cancer can occur 
by direct invasion through the gallbladder bed, angiolym-
phatic portal tract invasion, or distant hematogenous spread 
[15]. Spread via the angiolymphatic portal tracts is the pre-
dominant mode of hepatic metastases; it may extend more 

than 1 cm from the main tumor mass and correlates well with 
the depth of direct invasion of the liver. Distant spread beyond 
the region of the gallbladder is associated with hematoge-
nous metastases elsewhere.

The current TNM classification of the American 
Joint Committee on Cancer is shown in Table 74.1 [16]. 
Stage I tumors are confined to the lamina propria, the gall-
bladder mucosa, submucosa, or muscularis. Stage II 
tumors extend into the perimuscular connective tissue 
without penetrating the gallbladder serosa or liver. Stage 
III tumors penetrate the serosa and can invade the liver or 
another adjacent organs or structures, such as the stomach, 
duodenum, colon, pancreas, omentum, or extrahepatic bile 
ducts. Stage IV tumors have extensive liver invasion, met-
astatic spread to second-order lymph nodes, or distant 
metastases.

Table 74.1  TNM staging for gallbladder cancer [16]

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades lamina propria (T1a) or muscular 

(T1b) layer
T2 Tumor invades perimuscular connective tissue, no 

extension beyond serosa or into liver
T3 Tumor perforates the serosa (visceral peritoneum) 

and/or directly invades the liver and/or one other 
adjacent organ or structure, such as the stomach, 
duodenum, colon, pancreas, omentum, or 
extrahepatic bile ducts

T4 Tumor invades main portal vein or hepatic artery or 
invades two or more extrahepatic organs or 
structures

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastases to nodes along the cystic duct, common 

bile duct, hepatic artery, and/or portal vein
N2 Metastases to periaortic, pericaval, superior 

mesenteric artery, and/or celiac artery lymph 
nodes

M0 No distant metastases
M1 Distant metastases

Stage grouping

0 Tis N0 M0
I T1 N0 M0
II T2 N0 M0
IIIa T3 N0 M0
IIIb T1–3 N1 M0
IVa T4 N0–1 M0
IVb Any T N2 M0

Any T Any N M1
Source: Used with permission of the American Joint Committee on 
Cancer (AJCC), Chicago, IL. The original source for this material is the 
AJCC Cancer Staging Manual, 7th edition (2010) published by Springer 
Science and Business Media, LLC, http://www.springerlink.com
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Diagnosis

Clinical Presentation

Gallbladder cancer most often presents with right upper quad-
rant abdominal pain often mimicking other, more common 
biliary and nonbiliary disorders [1]. Weight loss, jaundice, 
and an abdominal mass are less common presenting symp-
toms. Piehler and Crichlow described five presenting clinical 
syndromes occurring in a review of more than 1,000 patients 
with gallbladder cancer [2]. Altogether, 16% of patients pre-
sented with symptoms of acute cholecystitis with a short 
duration of pain associated with vomiting, fever, and tender-
ness; 43% presented with symptoms of chronic cholecystitis 
often with a recent change in the quality or frequency of the 
painful episodes; 34% had signs and symptoms of malignant 
biliary obstruction with jaundice, weight loss, and right upper 
quadrant pain. An additional 29% of patients had symptoms 
of nonbiliary malignancies with anorexia and weight loss in 
the absence of jaundice, and a small percentage of patients 
had signs of gastrointestinal bleeding or obstruction.

The preoperative diagnosis of gallbladder cancer is diffi-
cult, particularly in the elderly population. In one series, only 
8% of 53 patients with carcinoma of the gallbladder were 
diagnosed correctly preoperatively [17]. The most common 
misdiagnoses included chronic cholecystitis (28%), pancre-
atic cancer (13%), acute cholecystitis (9%), choledocholithia-
sis (8%), and gallbladder hydrops (8%).

Radiologic Evaluation

Ultrasonography is often the first diagnostic modality used 
for evaluating patients with right upper quadrant abdominal 
pain. Ultrasonographic features of advanced gallbladder 
cancer include a heterogeneous mass replacing the gallblad-
der lumen (40–65% of cases) or thickening of the 
gallbladder wall (20–30% of cases) [18]. Most patients have 
coexistent gallstones, gallbladder wall thickening, or both, 
suggesting benign biliary disease. Ultrasonography can 
determine the level of obstruction in patients with biliary 
ductal involvement. Overall, the sensitivity of ultrasonogra-
phy for detecting gallbladder cancer ranges from 70 to 100% 
[18, 19].

Computed tomography (CT) has also improved the detec-
tion rate for gallbladder cancer with a sensitivity in the range 
of 55–100% (Fig. 74.1) [18]. CT scanning can demonstrate 
extension into the liver parenchyma but can overestimate 
hepatic involvement because of large perfusion defects. CT 
is less accurate for determining peritoneal seeding or lymph 
node involvement.

Magnetic resonance imaging (MRI) is also sensitive for 
detecting gallbladder cancer, but its exact role in preopera-
tive staging remains unclear (Fig.  74.2) [9, 18]. Hepatic 
artery and portal vein encasement may also be identified by 
MRI. Dilatation of the biliary tract that may occur with direct 
extension of gallbladder cancer into the biliary tree can be 
detected by standard MRI. In the elderly jaundiced patient 
with gallbladder cancer, the extent of biliary tract involve-
ment should be further defined with cholangiography [9]. 
Percutaneous transhepatic cholangiography, endoscopic ret-
rograde pancreatography, or magnetic resonance cholang-
iography are all helpful for the preoperative staging. A typical 
finding in the jaundiced patient with gallbladder cancer is a 
long stricture of the common hepatic duct [9].

Resection

The primary treatment of patients with localized gallbladder 
cancer is resection of the primary tumor along with areas of 
regional lymphatic involvement. After preoperative staging, 
patients with clinical stage I–IVa tumors warrant exploration if 
they are otherwise suitable operative candidates. Most of these 
patients are elderly, but the patient’s general medical condition 
is more important than age when determining operative risk. 
Preexisting cirrhosis may dramatically increase the risk of sur-
gery particularly if liver resection is contemplated [9].

Simple Cholecystectomy

The appropriate operative procedure for the patient with 
localized gallbladder cancer is determined by the pathologic 

Figure 74.1  Computed tomography (CT) scan demonstrates large gall-
bladder cancer with extension into the duodenum. Gallstones (calcifica-
tions) are present within the mass.
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stage. Patients with tumors confined to the gallbladder 
mucosa or submucosa (stage Ia) have a negligible incidence 
of lymph node metastases and an overall 5-year survival 
approaching 100% [20–22]. These early-stage tumors are 
usually identified postoperatively by the pathologist and fol-
lowing open cholecystectomy, have had an excellent progno-
sis. More recently, with widespread use of the laparoscopic 
approach, recurrent cancer at port sites and peritoneal carci-
nomatosis have been reported following cholecystectomy 
even for patients with in situ disease [10]. The correct man-
agement of patients undergoing laparoscopic cholecystec-
tomy with or without bile spillage for an incidental gallbladder 
cancer remains unclear.

Extended Cholecystectomy

Cancer of the gallbladder with invasion into or beyond the 
gallbladder muscularis is associated with an increasing inci-
dence of regional lymph node metastases and should be 
managed with an extended lymphadenectomy as part of the 
operative procedure [22–26]. In addition, local extension 
into the hepatic parenchyma, colon, or duodenum requires en 
bloc resection of these structures to achieve an adequate 
resection margin.

The extent of the lymphadenectomy is based on the oper-
ative findings and knowledge of the patterns of lymphatic 
spread in patients with gallbladder cancer [13, 14]. This dis-
section should include the cystic duct, pericholedochal, por-
tal, right celiac, and posterior pancreatoduodenal lymph 
nodes. In patients without grossly involved lymph nodes, the 
common bile duct, hepatic artery, and portal vein are skele-
tonized from the porta hepatis to the pancreas and celiac 
axis, respectively [24]. Following an extensive Kocher 
maneuver, the posterior pancreatoduodenal lymph nodes are 
included with the specimen. In the presence of any grossly 
enlarged pericholedochal lymph nodes, consideration should 
be given to resecting the common bile duct to avoid leaving 
a positive margin [24]. Biliary enteric continuity is restored 
with a Roux-en-Y hepaticojejunostomy. Several authors 
have advocated a pancreatoduodenectomy in the setting of 
pancreatoduodenal lymph node metastases, but this approach 
increases the operative mortality substantially in the elderly 
and should be considered in only the good risk patient with 
no evidence of metastasis to the liver, celiac, or interaorto-
caval lymph nodes [24, 25, 27].

Extension of more advanced staged lesions into the 
hepatic parenchyma is common, and extended cholecystec-
tomy should incorporate at least a 2-cm margin beyond the 
palpable or sonographic extent of the tumor to include any 
angiolymphatic extension from the main tumor mass [15]. 
For smaller tumors, this can be incorporated into a wedge 
resection of the liver.

Figure 74.2  (a) Magnetic resonance imaging (MRI) scan demonstrat-
ing a mass arising within the gallbladder with extension into the hepatic 
parenchyma. (b) MR angiogram from the same patient demonstrating 
the relation between the hepatic artery and the mass. (c) MR angiogram 
from the same patient showing the relation between the main and right 
portal vein and the mass.
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Extended Resections

For stage IV tumors invading more than 2 cm into the liver, 
an anatomic liver resection may be required to achieve a his-
tologically negative margin. Cancers originating in the gall-
bladder fundus can usually be adequately treated with 
resection of segments IVb and V (Fig.  74.3) [28]. Tumor 
extension into the right hepatic artery or portal vein may be 
resectable only with a right hepatic lobectomy or trisegmen-
tectomy [24, 29, 30].

Locally advanced lesions can also extend into adjacent 
structures. In the absence of distant lymph node, peritoneal, 
or hepatic metastases, these lesions may still be resectable 
for cure. Extension into the right colon should be managed 
with segmental colectomy, whereas duodenal invasion may 
require a pancreatoduodenectomy.

Palliative Therapy

Adequate palliation of the symptoms of advanced gallblad-
der cancer is eventually required in most elderly patients 
with this disease [9, 31]. Pain, jaundice, and gastric outlet 
obstruction are the common symptoms requiring palliation 
and can be managed nonoperatively or operatively. Survival 
in patients with unresectable gallbladder cancer is just 
2–6 months, and therefore operative exploration should be 
avoided in patients with unresectable disease [1, 17, 22]. 
Narcotics should be given when necessary. Percutaneous 
celiac ganglion block may be helpful in reducing the need 
for narcotics. Chemical splanchnicectomy can be performed 

in patients whose lesions are found to be unresectable at the 
time of operative exploration [9].

The presence of jaundice is a poor prognostic sign in 
patients with gallbladder cancer and usually signifies 
involvement of at least the common hepatic duct or hepatic 
duct bifurcation (or both). More than 70% of gallbladder 
cancers that present with jaundice and are explored with an 
intent to resect are unresectable for cure [29, 32]. 
Nonoperative biliary decompression to relieve jaundice and 
pruritus can be achieved percutaneously or endoscopically 
by placing metallic or nonmetallic stents [9]. In patients 
with hilar or intrahepatic ductal involvement, the percutane-
ous route is preferred. Relief of gastric outlet obstruction is 
difficult to achieve nonoperatively and usually requires 
gastrojejunostomy.

Survival

Extended cholecystectomy is reasonably well tolerated in 
the elderly patient population with gallbladder cancer. 
Operative mortality in several series was 0–1% [24, 29]. 
Common postoperative complications include wound or 
intraabdominal infection, hemorrhage, or delayed gastric 
emptying. Mortality increases with the magnitude of the 
operative procedure. Extended cholecystectomy, combined 
with a major hepatectomy or pancreatoduodenectomy, has a 
mortality rate of 10–15% and adds the risks of biliary or pan-
creatic anastomotic leaks to the procedure [25].

Survival in elderly patients with gallbladder cancer is 
strongly influenced by the pathologic stage at presentation. 
Patients with gallbladder cancer limited to the gallbladder 
mucosa and submucosa (stage Ia) have a uniformly excel-
lent prognosis [20–22]; 35 patients with incidentally discov-
ered stage Ia gallbladder cancer reported by Shirai et al. had 
an overall 5-year survival of 100% [20]. Invasion into the 
muscular wall of the gallbladder increases the risk of recur-
rent cancer after curative resection. The reported 5-year sur-
vival for patients with stage Ib gallbladder cancer varies 
widely, ranging from 20 to 100% (Table 74.2) [20–22]. In a 
survey of 172 major hospitals in Japan, the 5-year survival 
for patients with stage Ib tumors was 72%, with many 
patients undergoing simple cholecystectomy, suggesting 
that this procedure is an inadequate therapy once muscular 
invasion is present.

Invasion into the muscularis or the subserosa increases 
the risk of regional lymph node metastases to 15 and 50%, 
respectively. Tsukada et al. reported a 5-year overall survival 
of 80% for patients with stage II disease with extended chole-
cystectomy [24]. Similar results have been reported with an 
aggressive surgical approach at Memorial Sloan–Kettering 
[29]. In patients with tumors confined to the gallbladder wall 

Figure  74.3  Extent of bisegmentectomy (segments IVb and V) in 
patients with T4 gallbladder cancer (from Gall et  al. [28] with 
permission).
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or with local extension into the liver or other adjacent organs 
(stages III and IV), long-term survival with extended chole-
cystectomy is possible [24, 29]. Several groups have reported 
5-year overall survival for patients with stage III and stage 
IV gallbladder cancer of 40–63% and 19–25%, respectively 
(Fig. 74.4) [24, 29].

Tsukada et al. identified curative, margin-negative resec-
tion as the most significant factor in predicting prognosis 
[24]. Their 5-year survival of 52% in patients undergoing 
resection with microscopically negative margins was signifi-
cantly higher than the 5-year survival (5%) in patients with a 
microscopically positive margin (Fig. 74.5). In the Memorial 
Sloan–Kettering series, the presence of lymph node metasta-
ses was a significant predictor of treatment failure [29]. 
Eighty-one percent of patients without lymph node metasta-
ses were alive 5 years after radical resection, whereas all of 
the patients with lymph node metastases died within 
18 months. In the Japanese series, 11 of the 35 five-year sur-
vivors had lymph node metastases [24]. Age was not predictive 
of survival following surgery for gallbladder cancer [29].

Adjuvant Therapy

The results of chemotherapy in patients with gallbladder 
cancer have been poor owing to the limited responsiveness to 
these agents. Partial response rates to oral 5-fluorouracil 
(5-FU) alone or in combination with methyl-CCNU or strep-
tozotocin range from 5 to 13% with a median survival of 
10–21 weeks in patients receiving treatment [33]. The com-
bination of intravenous 5-FU, high-dose levofolinic acid, 
and oral hydroxyurea has achieved a partial response rate of 
30% with a median survival of 8  months in patients with 
unresectable gallbladder cancer [34]. Toxicity was limited, 
and the regimen was well tolerated in this group of patients 
(median age 60).

Both external beam and intraoperative radiation therapy 
have been used for management of patients with gallbladder 
cancer. In the postoperative adjuvant setting, no randomized 
data have demonstrated improved survival with external 
beam radiation alone [9]. In a retrospective review of 38 
patients with gallbladder cancer managed with postoperative 

Table 74.2  Actuarial survival with stage I gallbladder cancer

Study Year Number T stage 5-year survival (%) Cholecystectomy (%) Extended cholecystectomy (%)

Cubertafond et al. [22] 1994 23 T1a 93 100 0
20 T1b 20 100 0

Donohue et al. [21] 1990 6 T1 100 83 17
Gall et al. [28] 1991 7 T1a 80 100 0
Ogura et al. [25] 1991 201 T1a 83 71 29

165 T1b 72 54 46
Ouchi et al. [26] 1994 5 T1a 80 100 0

5 T1b 40 100 0
Shirai et al. [20] 1991 35 T1a 100 100 0

4 T1b 100 100 0

Figure 74.4  Actuarial survival 
for patients with gallbladder 
cancer by pathologic stage 
(see Table 74.1). Survival of 
patients with stage I and stage II 
tumors was significantly better 
than that of patients with stage 
III tumors. In addition, stage III 
patients survived significantly 
longer than patients with stage 
IV disease (from Tsukada et al. 
[24] with permission).
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adjuvant therapy, overall survival was improved in patients 
receiving more than 4,000  cGy compared with patients 
receiving less than 4,000 cGy [35]. However, the response to 
the radiation therapy in this series was difficult to differenti-
ate from the effect of resection alone. Overall survival was 
not influenced by patients’ age in this series. The use of 
intraoperative radiation therapy (IORT) in one Japanese 
series has been reported to provide a slight survival benefit in 
patients with locally advanced gallbladder cancer [36]. In a 
collective review of unresectable gallbladder cancers, patients 
undergoing IORT had a longer survival (11.0 vs. 6.3 months) 
than patients with standard external beam radiotherapy [37].

Cholangiocarcinoma

Cholangiocarcinomas may occur anywhere along the intra-
hepatic or extrahepatic biliary tree. The hepatic duct bifurca-
tion is the most frequently involved site, and approximately 
60–80% of cholangiocarcinomas encountered at tertiary 
referral centers are found in the perihilar region [9, 38–41]. 
Cholangiocarcinoma is an uncommon tumor and occurs in 
conditions in which bile is stagnant, infected, or both. These 
clinical situations include primary sclerosing cholangitis, 
choledochal cysts, and hepatolithiasis. Cholangiocarcinoma 
usually presents with painless jaundice, so this diagnosis 
should be considered in every case of obstructive jaundice. 
Perihilar cholangiocarcinomas involve the region of the 

hepatic duct bifurcation and frequently also involve major 
portal vascular structures, making resection difficult. When 
possible, surgical resection offers a chance for long-term 
disease-free survival. Many patients, however, are candidates 
only for palliative bypass or operative or nonoperative intu-
bation aimed at providing biliary drainage and preventing 
cholangitis and hepatic failure.

Incidence

Approximately 15,000 new cases of liver and biliary tract 
cancer are diagnosed annually in the USA, and they account 
for more than 12,000 deaths per year. About 15–25% of these 
cancers are bile duct tumors or cholangiocarcinomas. The 
incidence of cholangiocarcinoma increases with age, and 
these tumors occur with similar frequency in men and 
women. Approximately two-thirds of patients diagnosed 
with cholangiocarcinoma are of age 50–70 years [42, 43]. 
Overall, the incidence of cholangiocarcinoma in the USA is 
approximately 1 per 100,000 people per year [9, 44].

Etiology and Associated Diseases

A number of diseases and environmental agents have been 
linked to cholangiocarcinoma including primary sclerosing 

Figure 74.5  Actuarial survival for patients with stage III and stage IV 
gallbladder cancer by resection margin status. Results are shown for 
patients managed with curative (negative margins) resection (R0), 
noncurative (microscopically positive margin) resections (R1), and pal-
liative (grossly positive margin) resections (R2). Patients managed with 

R0 resection survived significantly longer than patients undergoing R1 
resection. In addition, patients with extensive tumor resected with 
palliative intent survived a significantly shorter time than patients with 
microscopic positive margins (from Tsukada et  al. [24] with 
permission).
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cholangitis, choledochal cysts, and hepatolithiasis. Factors 
common to a number of these etiologic factors include 
stones, biliary stasis, and infection [9]. Bile duct cancers in 
patients with primary sclerosing cholangitis are most often 
extrahepatic, commonly occur near the hepatic duct bifur-
cation, and are difficult to differentiate from the multiple, 
benign strictures associated with this disease [45]. The 
mean age at presentation in patients with cholangiocarci-
noma and primary sclerosing cholangitis is the fifth decade 
of life, and these tumors occur only rarely in the elderly 
population. Similarly, choledochal cysts are usually diag-
nosed during childhood or early adult life. However, chole-
dochal cysts are occasionally diagnosed in the elderly, and 
the risk of cholangiocarcinoma increases steadily with 
patients’ age [46]. Hepatolithiasis occurs in the elderly pop-
ulation and is a known risk factor for cholangiocarcinoma. 
Cholangiocarcinoma develops in 5–10% of patients with 
hepatolithiasis [9, 47–49]. Cholangiocarcinoma has been 
reported to develop a mean 8 years following treatment for 
hepatolithiasis and may occur despite complete stone clear-
ance from the intrahepatic biliary tree [49].

Staging and Classification

Cholangiocarcinoma is best classified into three broad 
groups (1) intrahepatic, (2) perihilar, and (3) distal. This  
classification correlates with the anatomic distribution 
and implies the preferred treatment for each site. 
Intrahepatic tumors are treated like liver lesions, with 
hepatectomy when possible. Distal tumors are managed 
in a fashion similar to that for other periampullary malig-
nancies, with pancreatoduodenectomy. The perihilar 
tumors make up the largest group and are managed with 
local resection of the bile duct with or without hepatic 
resection.

Cancers of the hepatic duct bifurcation were further clas-
sified by Bismuth et al. according to their anatomic location 
[50]. With this system, type I tumors are confined to the 
common hepatic duct; type II tumors involve the right and 
left hepatic ducts; type IIIa and IIIb tumors extend into the 
right or left secondary intrahepatic ducts, respectively; and 
type IV tumors involve the secondary intrahepatic ducts on 
both sides.

Cholangiocarcinoma is also staged according to the tumor, 
node, metastasis (TNM) classification of the American Joint 
Commission on Cancer (Tables 74.3 and 74.4) [16]. Using 
this system, stage I tumors are limited to the bile duct mucosa 
or muscular layer; stage II tumors invade periductal tissues; 
stage III tumors have regional lymph node metastases; and 
stage IV tumors invade adjacent structures (IVa) or have dis-
tant metastases (IVb).

Diagnosis

Clinical Presentation

More than 90% of patients with perihilar or distal tumors 
present with jaundice. Patients with intrahepatic cholangio-
carcinoma rarely present with jaundice until late in the course 
of the disease. Less common presenting clinical features 
include pruritus, fever, mild abdominal pain, fatigue, 
anorexia, and weight loss [9]. Cholangitis is not a frequent 
presentation but most commonly develops after biliary 
manipulation by endoscopic or percutaneous techniques.

Table 74.3  TNM staging for tumors of the perihilar bile ducts

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor confined to the bile duct, with  

extension up to the muscle layer or  
fibrous tissue

T2 (a) Tumor invades beyond the wall of the bile 
duct to surrounding adipose tissue; (b) 
tumor invades adjacent hepatic 
parenchymal

T3 Tumor invades unilateral branches of the portal 
vein or hepatic artery

T4 Tumor invades main portal vein or its  
branches bilaterally; or the common  
hepatic artery; or the second-order  
biliary laterals bilaterally; or unilateral 
second-order biliary radicals with 
contralateral portal vein or hepatic artery 
involvement

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis (including 

nodes along the cystic duct, hepatic artery, 
and portal vein)

N2 Metastasis to periaortic, pericaval, superior 
mesenteric artery, and/or celiac artery 
lymph nodes

M0 No distant metastasis
M1 Distant metastasis

Stage grouping

0 Tis N0 M0
I T1 N0 M0
II T2a–b N0 M0
IIIa T3 N0 M0
IIIb T1–3 N1 M0
IVa T4 N0–1 M0
IVb Any T N2 M0

Any T Any N M1
Source: Used with permission of the American Joint Committee on 
Cancer (AJCC®), Chicago, IL. The original source for this material is 
the AJCC Cancer Staging Manual, 7th edition (2010) published by 
Springer Science and Business Media, LLC, http://www.springerlink.
com
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Laboratory Data

At the time of presentation, most patients with perihilar or 
distal cholangiocarcinoma have a total serum bilirubin level 
higher than 10  mg/dl [9]. Marked elevations are also 
observed in serum alkaline phosphatase and g-glutamyl 
transferase levels. Patients with long-standing biliary 
obstruction may also have a low serum albumin or prolonged 
prothrombin time. The serum tumor markers carcinoembry-
onic antigen (CEA) and a-fetoprotein (AFP) are typically 
normal. Serum CA 19-9 and CA 50 may be elevated in 
patients with cholangiocarcinoma and may be useful for 
screening patients in high-risk groups for developing 
cholangiocarcinoma [51].

Radiologic Evaluation

The goals of radiologic evaluation in patients with cholang-
iocarcinoma include delineation of the overall extent of the 
tumor, including involvement of the bile ducts, liver, portal 

vessels, and distant metastases. An ordered sequence of tests 
can usually achieve these goals. The initial radiographic 
studies consist of either abdominal ultrasonography or CT 
scanning. Intrahepatic cholangiocarcinomas are easily visu-
alized on CT scans. A hilar cholangiocarcinoma gives a pic-
ture of a dilated intrahepatic biliary tree, a normal or collapsed 
gallbladder and extrahepatic biliary tree, and a normal pan-
creas. Distal tumors lead to dilation of the gallbladder and 
intra- and extrahepatic biliary tree.

Perihilar tumors are often difficult to visualize on ultra-
sonography and standard CT scans [52]. Duplex ultra-
sonography has been reported to visualize the primary 
tumor in more than 85% of patients, whereas bolus con-
trast-enhanced CT scans were able to define the primary 
tumor in only 59% of patients [53, 54]. Duplex sonography 
has also been able to determine accurately the extent of bile 
duct involvement in 87% of patients and the presence or 
absence of portal vein involvement in 86% [55]. A study 
comparing enhanced CT scans and MRI in 15 patients with 
perihilar cholangiocarcinoma managed at Johns Hopkins 
suggested that MRI is more sensitive than CT scans for 
detecting these small tumors [56]. However, newer spiral 
CT techniques are better at detecting the parenchymal 
extent of the tumor.

After documentation of bile duct dilation, biliary anat-
omy traditionally has been defined cholangiographically 
through the percutaneous transhepatic or endoscopic retro-
grade routes. The most proximal extent of the tumor is the 
most important feature when determining resectability in 
patients with perihilar tumors. Percutaneous transhepatic 
cholangiography is favored in these patients because it 
defines the proximal extent of tumor involvement most reli-
ably [9]. This approach also allows preoperative placement 
of percutaneous transhepatic catheters. Recently, magnetic 
resonance cholangiopancreatography (MRCP) has been 
documented to have a diagnostic accuracy comparable to 
those of percutaneous and endoscopic cholangiography. In a 
series of 14 patients with cholangiocarcinoma, diagnostic 
quality MRCP images were better at visualizing intrahepatic 
biliary anatomy than endoscopic retrograde cholangiopan-
creatography (ERCP) [57]. MRCP also has the advantage of 
obtaining two-dimensional images to define an obstructing 
lesion. The sensitivity, specificity, and overall accuracy of 
MRCP at determining the level of biliary obstruction and 
the presence of a benign or malignant lesion are similar to 
those for ERCP.

The advantages of transhepatic catheter placement 
include (1) assistance in the technical aspects of hilar dissec-
tion by allowing palpation of the catheter within the biliary 
tree at the time of exploration and (2) facilitation of intraop-
erative Silastic transhepatic stent placement. Currently avail-
able randomized studies do not support the practice of 
placing preoperative transhepatic catheters in an effort to 

Table 74.4  TNM staging for tumors of the distal bile ducts

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor confined to the bile duct histologically
T2 Tumor invades beyond the wall of the bile duct
T3 Tumor invades the gallbladder, pancreas, 

duodenum, or other adjacent organs without 
involvement of the celiac axis, or the superior 
mesenteric artery

T4 Tumor involved the celiac axis, or the superior 
mesenteric artery

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
M0 No distant metastasis
M1 Distant metastasis

Stage grouping

0 Tis N0 M0
IA T1 N0 M0
IB T2 N0 M0
IIA T3 N0 M0
IIB T1 N1 M0
III T1 N1 M0

T2 N1 M0
T3 N1 M0

IV Any T Any N M1
Source: Used with permission of the American Joint Committee on 
Cancer (AJCC®), Chicago, IL. The original source for this material 
is the AJCC Cancer Staging Handbook, 7th edition (2010), pp. 211–
213, published by Springer Science and Business Media, LLC, 
http://www.springerlink.com
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reduce operative mortality [58–60]. However, if a liver 
resection is contemplated, preoperative drainage may be 
justified.

Biopsy/Cytology

Efforts to establish a tissue diagnosis including percutaneous 
fine-needle aspiration (FNA) biopsy, brush and scrape biopsy, 
and cytologic examination of bile have been used [61–64]. 
Prolonged efforts to obtain a preoperative tissue diagnosis 
are not indicated unless the patient is not an operative candi-
date. Bile obtained from a percutaneous catheter demon-
strates malignant cells in approximately 30% of cases [62]. 
This yield may be improved to approximately 40% by brush 
cytologic techniques through transhepatic stents or at the 
time of endoscopic procedures and to 67% by percutaneous 
FNA. Even with these efforts, up to one-third of patients with 
cholangiocarcinoma have negative biopsy and cytologic 
results.

Assessment of Resectability

A careful evaluation of the overall general medical condition 
of the elderly patient and an accurate staging evaluation are 
necessary prior to selecting the appropriate management for 
the patient with cholangiocarcinoma. The preoperative 
assessment should include the usual evaluation of cardiac 
risk factors, respiratory status, and renal function, as well as 
overall performance status. Patients with obstructive jaun-
dice often have decreased hepatic protein synthesis and 
altered hemostatic mechanisms, and they are at increased 
risk for infectious complications.

Several studies have defined preoperative risk factors asso-
ciated with an increase in morbidity and mortality in patients 
undergoing treatment for malignant biliary obstruction [39, 60, 
65, 66]. In 1981, Pitt and colleagues identified eight risk fac-
tors predictive of mortality, including serum albumin less than 
3.0 g/dl [65]. Little also defined a mortality index predictive of 
procedure-related mortality in a prospective analysis of patients 
with obstructive jaundice [60]. The mortality index was derived 
from the preoperative serum creatinine and albumin levels and 
the severity of the cholangitis. Several large series of patients 
undergoing resection for perihilar cholangiocarcinoma have 
also identified low preoperative serum albumin concentration 
and perioperative sepsis as factors contributing to operative 
mortality [65, 66]. Control of sepsis and intensive nutritional 
support should be undertaken preoperatively in the malnour-
ished elderly patient with cholangiocarcinoma.

The preoperative evaluation also includes careful staging to 
determine the extent of the cholangiocarcinoma [38, 53–55, 

67–69]. In the past, the combination of an abdominal CT scan, 
cholangiography, and visceral angiography was useful for 
determining the extent of disease. CT or MRI scan findings sig-
nifying unresectable disease include peripheral hepatic metas-
tases or extrahepatic disease. Findings on traditional or MRI 
cholangiography suggestive of unresectable disease in patients 
with perihilar cholangiocarcinoma include proximal extension 
of tumor into second-order bile ducts in both hepatic lobes. The 
angiographic or MRI findings of tumor encasement or occlu-
sion of the proper hepatic artery, main portal vein, or both right 
and left portal venous branches or hepatic arterial branches 
are also considered contraindications to resection by most.

The combination of angiography and cholangiography 
provides better data than cholangiography alone for staging 
the elderly patient with perihilar cholangiocarcinoma [70]. 
More recently, MRI has provided all the data previously 
obtained by these two studies and CT scanning [71, 72]. 
For patients with distal cholangiocarcinoma, a good-quality 
spiral CT scan can provide sufficient information to predict 
resectability.

Palliative Therapy

Palliative therapy in elderly patients with perihilar and distal 
cholangiocarcinoma is directed at relieving obstructive jaun-
dice and pruritus, preventing recurrent cholangitis, and 
avoiding hepatic failure secondary to unrelieved biliary 
obstruction. In addition, palliative therapy in patients with 
distal cholangiocarcinoma is aimed at preventing or reliev-
ing gastric outlet obstruction. Palliation can be achieved non-
operatively with percutaneous or endoscopic techniques or 
by using an operative approach.

Nonoperative Palliation

Patients with unequivocal evidence of unresectable cholangio-
carcinoma at initial evaluation are palliated nonoperatively. 
Tumor extension into the secondary biliary radicals of both 
right and left hepatic lobes, the main portal vein, or the main 
hepatic artery or the presence of distant metastases excludes 
patients from curative resection. In addition, elderly patients in 
poor general medical condition may also not be operative can-
didates. Nonoperative palliation can be achieved endoscopi-
cally and percutaneously. A significant proportion of the 
functioning hepatic parenchyma should be decompressed, and 
this philosophy may require two or three percutaneously or 
endoscopically placed catheters in patients with hilar cholan-
giocarcinoma [70, 74, 74].

Percutaneous biliary drainage has several advantages 
over endoscopic management in patients with perihilar 
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cholangiocarcinoma. Stent placement is more reliably 
achieved percutaneously than via endoscopic means [75]. 
In addition, occluded percutaneous stents are easily changed 
over a guidewire on an outpatient basis, whereas replace-
ment of an endoprosthesis requires an additional invasive 
procedure. In contrast, endoscopic palliation is the pre-
ferred approach in patients with distal cholangiocarcinoma. 
Placement of an endoprosthesis in experienced centers has 
been technically successful in approximately 95% of 
patients with advanced periampullary cancer, with relief of 
jaundice and pruritus in 80%. More recently, percutaneous 
or endoscopically placed metallic stents have been used to 
palliate patients with malignant biliary obstruction [76–78]. 
Metallic stents remain patent longer than plastic stents and 
require fewer subsequent manipulations in patients with 
distal malignant biliary obstruction [79]. Self-expanding 
metallic stents have also been effective in patients with 
unresectable perihilar tumors, with median stent patency 
rates of up to 1 year [77].

Operative Palliation

In good-risk patients without preoperative evidence of 
unresectable cholangiocarcinoma, operative exploration is 
undertaken in an attempt to resect the primary tumor. At 
Johns Hopkins, approximately 45% of patients with perihilar 
cholangiocarcinoma were found at exploration to have intra-
peritoneal or liver metastases (15%) or extensive tumor 
involvement of the porta hepatis (30%), precluding resection 
[38, 42, 70, 80–82]. Ten percent of patients with distal cho-
langiocarcinoma have unresectable lesions at operative 
exploration. Patients with peritoneal carcinomatosis undergo 
minimal operative intervention. Cholecystectomy is per-
formed to prevent the subsequent development of acute 
cholecystitis from cystic duct obstruction related to the per-
cutaneous catheter [83]. Postoperatively, the preoperatively 
placed transhepatic catheters are replaced with larger, softer 
transhepatic stents [84].

In patients with locally advanced unresectable perihilar 
tumors, several operative approaches are available for pallia-
tion, including Roux-en-Y choledochojejunostomy with 
intraoperative placement of Silastic biliary catheters or a 
segment III cholangiojejunostomy. The operative procedure 
for placing transhepatic Silastic catheters begins with obtain-
ing a tissue diagnosis of cholangiocarcinoma. A tissue diag-
nosis is required prior to initiating postoperative irradiation 
or chemotherapy.

The gallbladder is then mobilized, and the distal com-
mon bile duct is divided and oversewn. Next, the Ring cath-
eters are exchanged for larger Silastic biliary catheters.  
A hepaticojejunostomy is then performed to a Roux-en-Y 
limb of jejunum (Fig. 74.6). The advantages of this approach 

over nonoperative palliation include (1) removal of the gall-
bladder [83], (2) placement of larger, softer Silastic stents 
with a lower risk of hemobilia and improved patient com-
fort, and (3) positioning the stent into a defunctionalized 
Roux-en-Y jejunal limb to reduce the incidence of subse-
quent cholangitis.

In patients with locally unresectable or metastatic distal 
cholangiocarcinoma, operative palliation is directed at reliev-
ing both biliary and gastric outlet obstruction. Symptomatic 
gastroduodenal obstruction occurs prior to death in approxi-
mately 30% of patients with periampullary malignancies. 
Gastrojejunostomy at the time of initial presentation prevents 
this complication without increasing the operative morbidity 
or mortality. Biliary-enteric continuity is restored most often 
with a hepaticojejunostomy or a choledochojejunostomy.

Surgical Resection

Curative treatment of patients with cholangiocarcinoma is 
possible only with complete resection. For patients with ana-
tomically resectable intrahepatic cholangiocarcinoma and 
without advanced cirrhosis, partial hepatectomy is the proce-
dure of choice. After careful exploration of the peritoneal 
surfaces and regional lymph nodes for metastatic disease, the 
liver is mobilized and examined with intraoperative ultra-
sonography. Approximately 40% of resectable intrahepatic 
cholangiocarcinomas are multiple or involve both hepatic 
lobes. Hepatic resection is planned to remove completely all 
tumor with an adequate margin. Most commonly it involves 
a formal lobectomy or trisegmentectomy.

Elderly patients with tumors involving the hepatic hilum 
or proximal common hepatic duct (Bismuth types I or II) 
that have no vascular invasion are candidates for local tumor 
excision [38]. Preoperatively, bilateral transhepatic Ring 
catheters are placed to aid in the intraoperative identification 
of the right and left hepatic ducts [38, 81, 82, 84]. After 
excluding the presence of metastatic disease, the common 
bile duct (CBD) is dissected free and encircled just proximal 
to the suprapancreatic portion. The CBD is then divided, 
and the distal end is oversewn. It is then reflected cephalad, 
skeletonizing the portal vein and proper hepatic artery. Once 
the entire common hepatic duct has been elevated off the 
portal vasculature, the left and right hepatic ducts can be 
identified by palpating the diverging Ring catheters. The left 
and right hepatic ducts are then divided above the extent of 
palpable tumor. Frozen section examination is used to deter-
mine the adequacy of the surgical margin. The percutaneous 
transhepatic catheters are then exchanged for 16F Silastic 
catheters. A 60-cm retrocolic Roux-en-Y limb is then con-
structed, and bilateral hepaticojejunostomies are performed 
over the Silastic stents.
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Proximal extension of a hilar cholangiocarcinoma into 
either the intrahepatic segments of the right or left hepatic 
duct renders these tumors incurable by local tumor resection. 
Complete resection in these patients is achievable only with 
combined resection of the extrahepatic biliary tree and major 
liver resection. Improvements in operative morbidity and 
mortality and in long-term survival when negative surgical 
margins are achieved support the use of this approach when 
complete tumor resection is possible [38, 41, 50, 52, 85–99].

The need for hepatic resection can usually be predicted on 
the basis of preoperative angiography, cholangiography, or 
MRI. When unilateral neoplastic involvement of the right or 
left portal vein or hepatic ducts is visualized radiographi-
cally, the initial hilar dissection is performed as described 
previously with division of the uninvolved hepatic duct. 
A frozen section should be examined to confirm a negative 
hepatic duct margin on the uninvolved side. Next, the extra-
hepatic segments of the hepatic vein, portal vein, and hepatic 
artery to the involved lobe are divided or occluded with vas-
cular clamps. The hepatic parenchyma is then divided using 
the ultrasonic dissector or cautery. Extension of the tumor 
into the caudate lobe frequently necessitates caudate lobec-

tomy to achieve negative tumor margins. Biliary enteric 
continuity is restored to a Roux-en-Y limb of jejunum (see 
Fig. 74.7).

Elderly patients with resectable distal cholangiocarci-
noma are managed similarly to patients with other periamp-
ullary malignancies with pancreatoduodenectomy. More 
than 85% of these patients are suitable for the pylorus-pre-
serving modification, and gastrointestinal continuity is 
restored with an end-to-end pancreatojejunostomy, an end-
to-side hepaticojejunostomy, and an end-to-side duodenoje-
junostomy. The hepaticojejunostomy is usually stented with 
a T-tube to decompress the system in the event of a biliary or 
pancreatic leak.

Survival

Procedure-related morbidity and mortality, quality of survival, 
and long-term survival are highly dependent on the stage of 
disease at presentation and on whether the patient is treated by 
a palliative procedure or complete tumor resection.

Figure 74.6  (a) Palliative intubation of Bismuth type IV unresectable 
perihilar cholangiocarcinoma with preoperatively placed transhepatic 
stents changed over guidewires. (b) Common bile duct is divided distal 

to the tumor and a cholecystectomy is performed. (c) Roux-en-Y 
choledochojejunostomy is constructed over Silastic transhepatic stents 
distal to the tumor (from Cameron [100] with permission).
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Palliative Therapy

Between 1973 and 1989, a group of 65 patients with unresec-
table hilar cholangiocarcinoma underwent nonoperative percu-
taneous stenting or operative palliation at The Johns Hopkins 
Hospital [38, 70]. Altogether, 21 patients were managed with 

percutaneous biliary stents; 44 patients underwent laparotomy, 
with placement of large-bore Silastic transhepatic stents in 
33. The procedure-related morbidity was similar for patients 
undergoing nonoperative palliation and those undergoing 
laparotomy. Hospital mortality was 14% in the nonopera-
tively palliated group and 7% in those managed operatively. 

Figure 74.7  (a). Left hepatic and hilar resection of Bismuth type IIIb 
cholangiocarcinoma with preoperatively placed transhepatic stents. 
(b). Resected left hepatic lobe and hilum with perihilar cholangiocarci-
noma (top) and right hepatic lobe with divided right hepatic duct prior 

to reconstruction (bottom). (c) Silastic transhepatic stent is placed 
through a right Roux-en-Y cholangiojejunostomy after left hepatic 
lobectomy (from Cameron [100] with permission).
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Mean survival was 8 months for the patients managed with 
operative palliation and 5  months for those managed with 
percutaneous stenting (p < 0.05).

Quality of survival measured by the number of readmis-
sions per month of survival, hospital days per month of sur-
vival, and episodes of cholangitis was better in the patients 
undergoing operative palliation. In addition, patients man-
aged nonoperatively required more frequent stent changes 
than patients managed operatively. On the other hand, eight 
patients (15%) managed operatively required late operations. 
These procedures were most frequently required for small 
bowel or duodenal obstruction. None of the patients man-
aged nonoperatively required laparotomy during the follow-
up period.

Several additional studies have examined the results of 
palliative therapy for hilar cholangiocarcinoma [74, 97, 99, 
101]. In a French report, the operative mortality and long-
term survival were similar for patients managed with opera-
tively placed biliary stents and those managed with palliative 
biliary-enteric anastomosis [97]. Guthrie et al. demonstrated 
more effective palliation with a segment III cholangioje-
junostomy than with endoscopic or percutaneous stenting 
[101]. The operatively managed patients had a lower inci-
dence of cholangitis and jaundice than the patients managed 
with nonoperative stenting. Lai et  al. demonstrated lower 
procedure-related mortality among patients managed 
operatively than among those palliated with endoscopic 
stenting [74]. Overall survival and quality of survival assessed 
by frequency of cholangitis attacks, episodes of jaundice, 
and days in the hospital were similar for the two groups. 
Patients managed with endoscopic stents had a higher 
incidence of catheter-related problems than patients 
managed with cholangioenteric bypass. In contrast, Washburn 
et  al. demonstrated better survival in patients palliated 
nonoperatively than in surgically palliated patients [99]. All 
of these retrospective analyses are limited, however, by 
biases in selecting patients for each treatment group.

Several randomized, prospective trials have compared 
operative vs. nonoperative palliation in patients with periam-
pullary cancer [102]. In general, these trials demonstrated 
lower procedure-related morbidity and mortality rates for 
the nonoperatively managed patients. However, the proce-
dure-related mortality in the operatively managed patients 
ranged from 15 to 24%. In addition, a higher rate of recur-
rent jaundice or gastric outlet obstruction occurred in the 
nonoperatively managed patients. Survival was similar 
among the two treatment groups in each study (mean sur-
vival 12–22 weeks).

Between 1987 and 1991, a series of 118 patients with 
unresectable periampullary tumors were explored at The 
Johns Hopkins Hospital [102]. Seventy percent of the patients 
were over age 60. The most common operative procedure 
was choledochojejunostomy and hepaticojejunostomy, 

which were performed in 67% of patients. Perioperative 
mortality was 2.5%, and gastric outlet obstruction or recur-
rent jaundice developed prior to death in only 4.0 and 2.5% 
of patients, respectively.

Surgical Resection

A series of 34 patients with intrahepatic cholangiocarcinoma 
managed with surgical resection was recently reported by 
Casavilla et al. [103]; 53% of these patients were over age 
60. Multiple tumors were present in 44% of the patients, and 
41% had involvement of both hepatic lobes. Histologically 
negative surgical margins were obtained in 71% of patients. 
Operative mortality was 6%. Overall patient survival was 
60% at 1 year, 37% at 3 years, and 31% at 5 years after resec-
tion. Significant predictors of postoperative treatment failure 
were positive surgical margins, multiple tumors, and meta-
static disease in regional lymph nodes. Age was not predic-
tive of operative or long-term mortality.

A group of 109 patients with perihilar cholangiocarci-
noma was managed with resection at The Johns Hopkins 
Hospital between 1973 and 1995 [39]. Following resection, 
36 patients had obvious gross tumor remaining, and 81 
patients had a positive microscopic surgical margin. Of the 
109 patients, 94 underwent local hilar excision, and 15 were 
managed with hepatic lobectomy with resection of the 
extrahepatic biliary tree. Four operative deaths (3.6%) 
occurred among these 109 patients, including one death 
(6.6%) among the 15 managed with hepatic lobectomy. 
Actuarial survival among the 109 patients undergoing resec-
tion was 68% at 1 year, 30% at 3 years, and 11% after 5 years 
of follow-up. Survival was significantly prolonged in patients 
without residual microscopic tumor at the surgical margin. 
In the 28 patients with a negative margin, the actuarial sur-
vival was 68% at 1  year, 56% at 3  years, and 19% after 
5 years. Patients’ age did not influence operative morbidity 
or mortality or the long-term survival. Fifty-three percent of 
these patients also received a combination of external beam 
radiotherapy, a boost of internal irradiation utilizing iridium 
192, or both.

In recent years, the trend around the world has been to 
perform more hepatic resections for perihilar cholangiocar-
cinoma. More than 580 patients with perihilar cholangiocar-
cinoma have been reported in the literature since 1989 
(Table 74.5) [39, 50, 66, 88, 90, 92, 94–99, 104]. For 233 
patients undergoing local hilar resection, the operative mor-
tality rate was 6%; and for 352 patients managed with com-
bined hilar and hepatic resection, the operative mortality was 
8%. The mean age of these 585 patients undergoing aggres-
sive surgical resection for perihilar cholangiocarcinoma was 
60 years, with half of them in their seventh, eighth, or ninth 
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decade of life. The mean survival rate in the locally resected 
patients ranged from 19 to 36 months. Similarly, the mean 
survival of patients undergoing combined hilar and hepatic 
resection ranged from 16 to 32 months.

Several factors may be important when determining long-
term prognosis following curative resection for hilar cholan-
giocarcinoma. Achieving negative histologic margins is 
important for determining overall long-term survival [41, 87, 
92, 99]. Bengmark et  al. initially reported several 10-year 
survivors following hepatic resection with negative histo-
logic margins for hilar cholangiocarcinoma [87]. In two 
large series of patients managed with attempted curative 
resection for perihilar cholangiocarcinoma, both Klempnauer 
et al. and Sugiura et al. reported a 33% overall 5-year sur-
vival for patients with negative histologic margins, whereas 
no patient with microscopic cancer at the surgical margins 
survived 5  years (Fig.  74.8) [98, 99, 102–104]. Among 
patients with negative histologic margins, the addition of a 
caudate lobectomy significantly prolonged the 5-year sur-
vival (46 vs. 12%). In addition, the presence of regional 
lymph node metastases adversely affected survival. In sev-
eral large series, multivariate analysis found that patients’ 
age did not influence overall survival.

Seventy-three patients with distal cholangiocarcinoma 
undergoing pancreatoduodenectomy have been reported 
from The Johns Hopkins Hospital [39]. The 1-, 3-, and 5-year 
survival rates were 70, 31, and 28%, respectively. Factors 
associated with prolonged survival of these patients include 
tumor differentiation and lymph node status. Negative nodes 
increased the median survival from 17 to 27 months, whereas 
poorly differentiated tumors had a lower median survival 
(10 vs. 22 months).

Adjuvant Therapy

Radiation therapy has been evaluated in patients with perihi-
lar cholangiocarcinoma using a variety of methods including 
external beam radiotherapy, intraoperative radiotherapy, 
internal radiotherapy, radioimmunotherapy, and charged par-
ticle radiation. External beam radiotherapy has been the most 

Table 74.5  Operative mortality of hilar vs. hepatic resection for perihilar cholangiocarcinoma (1989 to present)

Study Year

Age (years) Hilar resection Hepatic resectiona

Mean Range Number Operative mortality (%) Number Operative mortality (%)

Baer et al. [92] (Berne, Switzerland) 1993 62 34–85   12   0 9 11
Bismuth et al. [50] (Paris, France) 1992 50 22–82   10   0 13 0
Fortner et al. [88] (Memorial 

Sloan–Kettering)
1989 60 33–81   7   0 7 0

Hadjis et al. [90] (London, England) 1990 55 33–74   11   0 16 12
Kawasaki et al. [94] (Matsumoto, Japan) 1994 58 39–72 – – 9 0
Klempnauer et al. [104] (Hanover, 

Germany)
1997 57 25–79   31   6 77 8

Nagino et al. [95] (Nagoya, Japan) 1995 55 44–64 – – 4 0
Nakeeb et al. [39] (Johns Hopkins) 1996 62 23–84   94   3 15 7
Nimura et al. [96] (Nagoya, Japan) 1991 60 33–76 – – 45 2
Reding et al. [97] (French Surgical 

Association)
1991 64   47 17 50 14

Su et al. [66] (Taipei, Taiwan) 1996 62 32–74   21   5 28 14
Sugiura et al. [98] (Tokyo, Japan) 1994 60 33–78 – – 61 7
Washburn et al. [99] (Boston) 1995 60 25–86 – – 18 11
Total 60 22–86 233   6 352 8
a Does not include patients also undergoing portal vein or hepatic artery resection and reconstruction

Figure 74.8  Actuarial Kaplan–Meier survival of patients with perihilar 
cholangiocarcinoma undergoing curative or noncurative resection 
(microscopic tumor at surgical margin). Survival was improved 
(p < 0.05) in the curatively resected patients (from Sugiura et al. [98] 
with permission).
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commonly used modality and is typically administered to a 
total dose of 45–60 Gy [38, 105–107]. Internal radiotherapy 
is normally delivered through percutaneous or endoscopi-
cally placed biliary stents using iridium 192 as the radiation 
source [38, 108, 109]. Multiple retrospective analyses have 
suggested that radiation therapy may provide some benefit in 
patients with perihilar cholangiocarcinoma administered via 
one of these techniques.

In a prospective analysis from The Johns Hopkins 
Hospital, 23 patients underwent irradiation and 27 did not 
[110]. The radiation dose ranged from 45 to 63 Gy and con-
sisted of external beam plus iridium 192 seeds. None of the 
patients underwent adjuvant chemotherapy. Patients under-
going curative resection survived significantly longer than 
patients undergoing operative palliation. Among those with 
resection, irradiation had no effect on the mean (24 vs. 
24 months), median, or actuarial survival. Similarly, among 
palliated patients irradiation had no effect on the mean (10 
vs. 13  months), median, or actuarial survival. Multivariate 
analysis identified resection as the only positive predictive 
factor for prolonged survival.

The use of chemotherapy (along with 5-FU, mitomycin C, 
or cisplatin) has not been shown to improve survival in patients 
with resected or unresected cholangiocarcinoma. Response 
rates using multidrug chemotherapeutic regimens also remain 
low. Given the potential radiosensitization effect of 5-FU, the 
combination of irradiation and chemotherapy may be more 
effective than either agent alone. Preliminary data in relatively 
small numbers of patients have been reported, but no random-
ized data are available [35, 111–114].

Conclusions

Despite overall advances in the ability to diagnose and treat 
elderly patients with malignant tumors of the gallbladder 
and biliary tract, the prognosis for patients with these 
malignancies remains poor. Improvements in diagnostic CT 
scanning, duplex ultrasonography, and MRI will improve 
our ability to diagnose noninvasively and stage gallbladder 
cancer or cholangiocarcinoma in the elderly patient. 
Complete surgical resection remains the only curative treat-
ment for malignancy of the biliary tract. Aggressive surgical 
approaches are likely to continue, and the challenge remains 
in being able to perform these procedures safely in jaundiced 
and sometimes septic elderly patients. Unfortunately, for 
most patients with malignant tumors of the biliary tract, 
curative resection is not possible, and optimal palliation 
remains the goal of therapy. Finally, advances in adjuvant 
chemotherapy and radiotherapy are required to improve the 
overall prognosis of patients with gallbladder cancer or 
cholangiocarcinoma.
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Introduction

Pancreatic neoplasms represent a major health-care problem 
for the aging population. The elderly are at risk for the entire 
spectrum of benign and malignant pancreatic tumors. 
Pancreatic adenocarcinoma is the most frequent and clini-
cally significant of these tumors. It is the fourth leading cause 
of cancer death in the United States, and its incidence is 
associated with advancing age. The diagnosis and treatment 
of pancreatic cancer often represents a significant clinical 
challenge in the elderly, as there is a significant bias against 
aggressive surgical treatment in this population. In recent 
years, however, advances in diagnostic techniques, improved 
outcomes with regionalization of care, and a deeper under-
standing of prognostic factors have improved our ability to 
treat this challenging disease. In addition to pancreatic ade-
nocarcinoma, the recognition and diagnosis of benign and 
premalignant pancreatic tumors has become more common 
in the elderly. These tumors require a thorough understand-
ing of their clinical behavior as one weighs these risks with 
the risk of surgery in the elderly population. Fortunately, 
many of these tumors are amenable to less invasive therapeu-
tic procedures with lessened perioperative morbidity and 
mortality.

Epidemiology

According to the National Cancer Institute, the incidence 
of pancreatic cancer is approximately 37,000 new cases per 
year, with 34,000 deaths per year from the disease [1]. 
Pancreatic adenocarcinoma is also one of the most lethal 
cancers, with a 5-year survival rate for 1996–2004 of only 
5%, due to the fact that more than half of patients have 

distant metastases at diagnosis, and only 7% of cases are 
diagnosed at a stage where the cancer is confined to the 
pancreas. The incidence of pancreatic cancer among per-
sons aged 55–59 is 18 per 100,000, while the incidence 
among 75–79 year-olds is 72 per 100,000. Above age 85, 
the incidence rises to 91 per 100,000 (Fig. 75.1).

Cystic neoplasms represent less than 10% of pancreatic 
tumors and include a spectrum of benign and malignant 
lesions. The last two decades have seen a striking increase 
in the diagnosis of cystic neoplasms, with many detected 
due to the widespread use of abdominal imaging studies. 
Intraductal papillary mucinous neoplasms (IPMNs) com-
prise a significant portion of all cystic neoplasms. The peak 
incidence of IPMN is in the sixth and seventh decade of life, 
and IPMNs are more likely to be malignant in patients older 
than 60 years [2].

Risk Factors

Environmental and genetic factors have been implicated as 
risk factors for pancreatic cancer. As noted above, advanced 
age is a significant risk factor for both pancreatic cancer and 
IPMNs. Male gender and African American race are also 
associated with higher rates of pancreatic cancer. Among 
many potential environmental risk factors, cigarette smoking 
has been confirmed as a major contributor, with a twofold 
greater risk of developing pancreatic cancer among smokers 
compared with nonsmokers. Recently, a pooled analysis of 
cohort studies has found a modestly increased risk of pancre-
atic cancer associated with the consumption of 30 or more 
grams of alcohol per day [3]. Chemical and radiation expo-
sure is also associated with increased pancreatic cancer risk. 
Several preexisting medical conditions are associated with 
increased risk of pancreatic cancer: chronic pancreatitis, pri-
mary sclerosing cholangitis, obesity, and prior gastric sur-
gery. Diabetes mellitus has been shown in some studies to 
confer an increased risk of pancreatic cancer, but it is also 
possible that diabetes is an early symptom of the cancer, 
rather than a risk factor. Thus, new-onset diabetes in an 
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otherwise asymptomatic elderly patient could be an early 
clue to the presence of pancreatic malignancy.

Genetic factors often play a role in the development of 
pancreatic cancer. There are multiple inherited familial can-
cer syndromes that increase the risk of pancreatic cancer, 
including Peutz–Jeghers, hereditary pancreatitis, hereditary 
nonpolyposis colon cancer (HNPCC), ataxia-telangiectasia, 
familial atypical mole and multiple melanoma (FAMMM) 
syndrome, familial breast cancer 2, and familial adenoma-
tous polyposis. There is also a significantly increased risk of 
developing pancreatic cancer in patients with a family his-
tory of the disease without association with a specific syn-
drome. Patients who have two first-degree relatives with 
pancreatic cancer have a 6-fold increase in risk, while patients 
with three affected first-degree relatives have a 32-fold higher 
risk of developing pancreatic cancer [4]. It is also important 
to note that age becomes a significant factor in these kin-
dreds, as the age of cancer diagnosis in subsequent genera-
tions actually becomes progressively younger.

While the genetic significance in these cancer syndromes 
is apparent, recent advances in molecular genetics have led 
to the identification of frequent genetic mutations even 

among sporadic pancreatic cancers. These include inactivated 
tumor-suppressor genes such as p53, p16, and DPC4, each of 
which are found in >50% of sporadic pancreatic cancers. 
Mutations in K-ras, an oncogene involved in signal transduc-
tion, are found in over 90% of pancreatic cancer, which may 
prove diagnostically important in the future.

Perhaps the most increasingly identified risk factor for 
pancreatic cancer is the presence of a precancerous lesion, 
such as IPMNs or other mucinous cystic neoplasms. The 
increasingly frequent identification of these tumors, primar-
ily in asymptomatic patients, has led to the development of 
management algorithms for the management of precancer-
ous lesions and surveillance for disease progression. The 
optimal techniques and interval for follow-up may vary based 
on patient-specific characteristics including age. Nevertheless, 
for IPMNs, both the incidence of malignancy and invasive-
ness increases with age.

Pathology

Solid Tumors

Solid tumors of the exocrine pancreas are classified according 
to their cell of origin; which may include the pancreatic ductal 
epithelium or the acinar cell. Solid tumors can be either malig-
nant or premalignant or benign. Ductal adenocarcinoma is the 
most common neoplasm of the exocrine pancreas, accounting 
for more than 75% of all malignant pancreatic tumors. Ductal 
adenocarcinoma arises most commonly in the pancreatic head 
(65%) but may also be present in the body or tail (15%) or 
diffusely involve the whole pancreas (20%). Tumors of the 
head tend to be smaller at diagnosis, as they are more likely to 
cause obstructive jaundice earlier in their development. 
Adenocarcinomas arise from pancreatic ductal tissue, often 
obstructing ductal branches and causing a desmoplastic reac-
tion with associated fibrosis and chronic pancreatitis. They 
often infiltrate into vascular, lymphatic, and perineural spaces, 
leading to early local and metastatic spread. Common sites of 
local invasion are duodenum, stomach, transverse mesocolon, 
colon, spleen, and adrenal glands. Pancreatic cancer typically 
metastasizes to regional lymph nodes and then liver, perito-
neum, lungs, and adrenal glands. Pathologic examination of 
resected specimens often reveals the presence of precursor 
lesions (see below) in close proximity to the cancer. The rec-
ognition of these lesions has broadened our understanding of 
the development of adenocarcinoma.

Pancreatic adenocarcinoma is staged based on the 
tumor characteristics, node involvement, and metastatic 
disease (TNM) classification system, as outlined by the 
American Joint Commission on Cancer (AJCC) [5]. This 
system has considerable prognostic significance, with 

Figure  75.1  Increased pancreatic cancer incidence by age. (SEER 
Cancer Stat Fact Sheets [1]).
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Stages I and II representing resectable, and therefore 
potentially curable, disease.

In addition to ductal adenocarcinoma, a very small percent-
age of solid exocrine tumors is comprised of adenosquamous 
carcinoma, acinar cell carcinoma, giant cell carcinoma, and pan-
creatoblastoma. Pancreatoblastoma should rarely be considered 
in the differential in an elderly patient, however, as it is found 
almost exclusively in children less than 15 years of age.

Cystic Tumors

Cystic tumors make up less than 10% of all exocrine pan-
creas neoplasms, although they are being diagnosed with 
increasing frequency in recent decades. Cystic tumors of the 
pancreas include serous cystic neoplasms, mucin-producing 
cystic neoplasms (MCN and IPMN), solid pseudopapillary 
or Hamoudi tumors, and lymphoepithelial cysts [6].

Serous cystic neoplasms, or serous cystadenomas, are 
the most common cystic neoplasm of the pancreas, com-
prising 30–60% of cystic tumors (Fig. 75.2). They are more 

common in women and elderly and are often located in the 
body and tail of the pancreas. Serous cystadenomas have 
both microcystic and oligocystic variants, both of which are 
benign. Serous cystadenocarcinoma is a rare malignant vari-
ant that is difficult to distinguish histologically from its 
benign relative.

Unlike serous neoplasms, which are almost always 
benign, mucin-producing cystic tumors of the pancreas are 
considered either premalignant or frankly malignant. There 
are two distinct types of mucin-producing pancreatic 
tumors, mucinous cystic neoplasms (MCNs, or mucinous 
cystadenomas) and intraductal papillary mucinous neo-
plasms (IPMNs). Both types are characterized by abnormal 
growth of mucin-producing epithelial cells, but IPMNs 
involve the main pancreatic duct or ductal branches, while 
MCNs do not. MCNs occur almost exclusively in women 
and are most common between age 40 and 50. They are 
typically found in the body or tail and contain a distinctive 
subepithelial ovarian-type stroma (Fig. 75.3). The degree of 
dysplasia of MCNs can vary from benign to malignant, 

Figure 75.2  Serous cystadenoma seen in (a) cross-sectional imaging 
and (b) histologic section.

Figure  75.3  Mucinous cystic neoplasm seen in (a) cross-sectional 
imaging and (b) histologic section showing typical histologic feature of 
“ovarian stroma”.
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with up to one-third containing an invasive component. In 
contrast to MCNs, IPMNs are found more commonly in 
males, do not contain ovarian stroma, and are more com-
mon in the pancreatic head, neck, and uncinate process 
(Fig. 75.4 and Table 75.1). IPMNs represent about 25% of 
cystic neoplasms and are classified into 3 types: main duct, 
branch duct, and mixed type. Histologically, IPMNs can 
range from benign to intermediate to malignant, with about 
35% of resected IPMNs showing a component of invasive 
carcinoma. Features associated with increased likelihood of 
malignancy are increased patient age, main duct involve-
ment, jaundice, and diabetes [7] (Table  75.2). Much less 
common than MCN or IPMN, the solid pseudopapillary 
tumor, also known as Hamoudi tumor, or solid cystic neo-
plasm, is found predominantly in young women. This tumor 
is always considered to be malignant but with very low met-
astatic potential.

Precancerous Lesions

The recent increase in identification and understanding of 
premalignant lesions of the pancreas has elucidated the 
processes associated with the progression from benign to 

malignant disease. Multiple precursors to adenocarci-
noma  exist, including pancreatic intraepithelial neoplasia 
(PanIN), and the cystic precursors IPMN and MCN. PanIN 
is divided into three grades of increasing dysplasia. PanIN-1 
is characterized as a proliferative lesion without nuclear 
atypia; PanIN-2 is associated with a moderate degree of 
architectural and cytonuclear abnormalities; PanIN-3 has 
severe nuclear abnormalities with abnormal mitoses, but 
without invasion through the basement membrane. PanIN-3 
is also referred to as carcinoma in situ and is almost always 
found in close proximity to an invasive cancer [8]. The 
prevalence of PanIN lesions increases with age, with one-
third of patients greater than 60 years of age, without any 
known pancreatic disease, having a PanIN-1 lesion. It is 
proposed that advanced age, in addition to other factors, 
must be present for a PanIN-1 lesion to progress to PanIN-3 
and then to invasive cancer [8]. These factors include 
genetic events such as telomere shortening, K-ras and p16 
mutations, and clonal expansion [9].

IPMNs are macroscopic precursor lesions, which can also 
progress from benign to malignant histologically. About half 
the resulting invasive neoplasms are actually colloid (muci-
nous) carcinomas, with the remainder being the typical tubu-
lar adenocarcinoma. The progression to malignant IPMN is 
directly related to age, with multiple clinical studies demon-
strating an increased percentage of malignant lesions in 
patients of increasing age [2, 10].

Clinical Presentation

History and Physical

Tumors of the exocrine pancreas in their early stage are 
often asymptomatic or present with the insidious onset of 
nonspecific symptoms. Tumors in the head of the pancreas 
typically lead to obstructive jaundice (80%), which is often 

Figure 75.4  Multidetector CT (MDCT) scan with IV contrast showing 
main-duct type IPMN.

Table 75.1  Comparison between MCN and IPMN [6, 7]

MCN IPMN

Age (years) 40–50 60–80
Gender F>M M>F
Location Body/tail Head
Pancreatic duct involvement No Yes
Mucin found at ampulla No Yes
Ovarian-like stroma Yes No

Table 75.2  Likelihood of malignancy in main duct IPMN [2]

Benign Malignant Total
P (benign vs. 
malignant)

n 57 83 140 –
Gender (M/F) 31/26 40/43 71/69 NS
Median age 60.9 67.3 64.8 0.042
Smoking 

history (%)
35 (61%) 43 (52%) 78 (56%) NS

Abdominal 
pain (%)

43 (76%) 47 (57%) 90 (65%) 0.038

Jaundice (%)   2 (3.5%) 21 (26%) 23 (16.5%) 0.001
Weight loss (%) 23 (40%) 39 (47%) 62 (44%) NS
Source: Data from Salvia et al. [2]
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the only specific symptom pointing to the diagnosis. In an 
elderly patient, the development of jaundice, with dark 
urine, light stools, and pruritis, should lead to prompt diag-
nostic workup with a high index of suspicion for malig-
nancy. Abdominal/back pain (72–87%) and weight loss 
(90–100%) are also common presenting symptoms, although 
these often signify locally advanced disease. New-onset dia-
betes or the presentation with “acute pancreatitis”-like 
symptoms may also be the presenting clinical features of 
pancreatic cancer. Nonspecific gastrointestinal symptoms 
may also exist, such as nausea, decreased appetite, constipa-
tion, or diarrhea.

One interesting trend in the presentation of pancreatic 
neoplasms has been that of the pancreatic ‘incidentaloma.’ 
Increased use of computed tomography scanning in the 
United States has led to increased identification of asymp-
tomatic pancreatic lesions [11]. This has been especially true 
in the early detection of cystic lesions. The ability of CT 
scans to distinguish benign vs. malignant cystic disease or 
risk-stratify patients with very small solid lesions remains 
unknown, but there is likely some benefit in the early identi-
fication of these often asymptomatic lesions [12].

Physical examination of the jaundiced patient may 
show only a palpable gallbladder. Signs suggestive of 
advanced cancer, such as cachexia, ascites, abdominal 
mass, migrating thrombophlebitis, palpable supraclavicu-
lar lymphadenopathy (Virchow’s node), periumbilical 
lymphadenopathy (Sister Mary Joseph’s Node), and pelvic 
drop metastases (Blumer’s shelf) are obvious evidence of 
advanced disease with a poor prognosis. Among elderly 
patients, the presenting signs and symptoms of pancreatic 
cancer are not significantly more different than in younger 
patients [13, 14].

Laboratory Studies

Unfortunately, there is no screening test or definitive labora-
tory diagnostic test for pancreatic cancer. In patients with 
cancer in the body or tail of the pancreas, laboratory values 
are typically normal. In patients presenting with jaundice, 
laboratory studies will reveal an increase in total bilirubin 
and alkaline phosphatase, with occasional mildly elevated 
transaminases. Biliary obstruction can also lead to malab-
sorption of fat-soluble nutrients, which can lead to malnutri-
tion and subsequent decreases in albumin, iron, hemoglobin, 
and vitamin-K-dependent clotting factors.

The most widely used tumor marker to aid in the diag-
nosis of pancreatic cancer is CA 19-9, a Lewis blood-
group-related mucin glycoprotein. CA 19-9 is present at 
low levels (<38 U/ml) in most healthy patients, but if ele-
vated, its level often correlates with the presence and even 

aggressiveness of pancreatic cancer. CA 19-9, however, 
may be falsely elevated in patients with obstructive jaun-
dice, cirrhosis, pancreatitis, and other malignancies. CA 
19-9 has an overall sensitivity of 83% and specificity of 
82%, but by raising the cutoff value to 200 U/ml and com-
bining it with other testing modalities, the accuracy 
increases to 95–100% [15].

Management of Malignant Neoplasms

Diagnosis and Staging

When clinical symptoms or laboratory abnormalities are sus-
picious for a malignant pancreatic neoplasm, the first step 
toward diagnosis is noninvasive imaging. Computed tomog-
raphy (CT) scan or magnetic resonance imaging (MRI) with 
or without cholangiopancreatography (MRCP) are noninva-
sive imaging studies that may aid in the diagnosis of pancre-
atic cancer. Transabdominal ultrasound can confirm 
obstructive jaundice by demonstrating a dilated biliary tree 
but lacks the sensitivity of CT and MRI in actually defining 
a pancreatic mass. Most clinicians regard CT scan with mul-
tiphase intravenous (IV) contrast enhancement as the initial 
imaging modality of choice. In recent years, the develop-
ment of multidetector CT (MDCT) scanners has reduced 
acquisition time and drastically enhanced image resolution, 
resulting in submillimeter slices [16] (Fig. 75.5). In addition, 
when dual phases of IV contrast are used, both arterial  
and venous structures can be well visualized to determine 

Figure 75.5  Multidetector CT (MDCT) scan with IV contrast revealing 
a 1cm tumor in the head of the pancreas (arrow).
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local involvement by the tumor that defines resectability 
(Fig. 75.6). The inclusion of a “pancreatic phase” of IV con-
trast often leads to improved pancreas-to-lesion distinction. 
As well as visualizing the lesion and any associated blood 
vessels, MDCT is able to detect extrapancreatic disease, 
including liver, lung, and peritoneal metastases, to again pro-
vide preoperative staging with respect to resectability [17]. 
In spite of these advantages, many clinicians are hesitant to 
expose elderly patients to the potential toxicity of IV con-
trast. Recently, Itoh et al. have examined the effect of patient 
age on contrast enhancement during CT scans of the pancre-
atobiliary region. Results indicate that the ideal dose of IV 
contrast in the elderly may be about 10% less, or 0.07 mL/kg 
instead of 0.08 mL/kg. This dose, which takes into account 
changes in cardiac output and blood volume in the elderly, 
optimizes tumor enhancement and lessens the risk of neph-
rotoxicity [18].

Most studies have found no advantage of MRI over 
MDCT, with the exception of possible improved visualiza-
tion of small liver metastases and peritoneal implants [17]. 
MRCP has the added benefit of 3D visualization of both the 
bile and pancreatic ducts, often revealing the “double duct” 
pattern of obstruction and can eliminate the need for invasive 
cholangiography. Another potential modality for the diagno-
sis and staging of pancreatic cancer is the positron emission 
tomography (PET) scan. Although PET scanning shows 
increased uptake of the glucose tracer by both the primary 
tumor and metastases in other cancers, it has not been shown 
to reliably provide useful diagnostic information in patients 
with pancreatic cancer [19].

When noninvasive studies reveal a malignant pancreatic 
lesion , or when noninvasive studies are inconclusive, inva-
sive studies may be indicated to confirm the diagnosis of 
pancreatic adenocarcinoma. Endoscopic retrograde cholang-
iopancreatography (ERCP) provides an endoscopic view of 
the ampulla and visualizes the biliary and pancreatic ductal 
systems (Fig. 75.7). ERCP can also be used to obtain cyto-
logic brushings of suspicious areas in the pancreatic ductal 
system. While cytology results approach 99% specificity, the 
sensitivity is <50% due to a high false-negative rate [20, 21]. 
ERCP has been shown to be safe and well tolerated in elderly 
patients [22]. Rodriguez-Gonzalez et al. studied 159 ERCPs 
performed on patients 90 years of age or older. Complication 
rate (2.5%) and procedure-related mortality (0.7%) were 
low, and therapeutic interventions were able to be performed 
in 96% of indicated cases [23]. Although ERCP can be a safe 
and valuable tool in many patients, its use as a diagnostic 
tool has diminished with the use of MRCP. Therefore, ERCP 
is now currently used predominantly for endoscopic stent 
placement, for both palliative and preoperative biliary 
decompression.

Endoscopic ultrasound (EUS) has recently become a 
valuable tool in both the diagnosis and staging of pancreatic 
cancer. EUS sensitivity and specificity in detecting pancre-
atic cancer are 85–100 and 80–100%, respectively (Fig. 75.8). 
Multiple studies have demonstrated greater diagnostic accu-
racy of EUS compared to MDCT, particularly in the detec-
tion of small tumors less than 2 cm in size [24–27]. EUS can 
also be used to obtain a cytologic diagnosis via fine needle 
aspiration (FNA). This technique is typically more accurate 

Figure  75.6  Dual-phase contrast MDCT allows clear delineation of 
peripancreatic vessels, showing a detailed angiographic reconstruction. 
Note the tumor encroachment of the superior mesenteric vein.

Figure 75.7  ERCP of patient with adenocarcinoma of the pancreatic 
head. Note the involvement of both the common bile duct (cbd) and 
pancreatic duct (pd).
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than ERCP brushings, with a sensitivity ranging from 75 to 
90%, with a specificity approaching 100% [16, 17]. 
Complications of EUS are uncommon, even in the elderly.

A preoperative histologic or cytologic diagnosis of pan-
creatic cancer is not necessary in patients with a clearly 
defined presentation – obstructive jaundice and a pancreatic 
mass on CT –– in a patient who is considered to be a candi-
date for surgical resection, regardless of age. When a tissue 
diagnosis is indicated, EUS-guided FNA has become the 
preferred method of choice. Yet, even in the elderly patient, 
a high level of clinical suspicion should override a negative 
cytologic diagnosis. EUS offers the advantage of the close 
proximity to the tumor, and for cancers of the pancreatic 
head, the needle traverses the duodenum, which will be 
resected. Conversely, percutaneous fine needle aspiration has 
fallen out of favor both due to the fact that the distance of the 
pancreatic tumor from the skin surface leads to a higher inci-
dence of false-negative aspirations, as well as the risk of 
seeding of the tumor along the needle tract, leading to intra-
peritoneal spread of the tumor.

Surgical resectability of a pancreatic cancer requires that 
the tumor both shows no evidence of metastatic disease 
(liver, peritoneal cavity) or local invasion of key adjacent 
structures. For most surgeons, direct extension of tumor into 
adjacent organs, encasement of the celiac or superior mesen-
teric arteries, significant encasement or occlusion of the 
portal – superior mesenteric vein (SMV) complex, involve-
ment of distant lymph nodes, or obvious metastatic disease 
will preclude resection of a cancer of the head of the pan-
creas [28–30]. For cancers of the pancreatic body and tail, 
extension into the celiac axis or SMA, the SMV/portal vein, 
or into adjacent organs or metastatic disease renders the 
tumor unresectable, whereas isolated splenic vein or splenic 
artery involvement does not preclude resection. MDCT is the 
most useful imaging modality in detecting obvious vessel 
invasion and/or metastatic disease, leading to excellent accu-
racy in predicting unresectability (90–100%), but its speci-
ficity in predicting resectabilty is relatively low, about 
30–50% [16]. Some studies indicate that EUS may be more 

accurate in determining local invasion precluding resection 
of pancreatic cancer, owing to its increased ability to detect 
tumor invasion into adjacent vessels [17, 24, 27].

Unfortunately, neither MDCT nor EUS is able to detect 
small peritoneal or liver metastases, which are common with 
pancreatic cancer. This problem has led to the use of diag-
nostic laparoscopy at some centers for staging purposes. The 
role of routine laparoscopy has been controversial as the sen-
sitivity of CT scanning has increased. Several reports have 
shown that routine laparoscopy for pancreatic head cancer 
would spare very few patients from a laparotomy (5–15%) 
[31, 32]. The value of laparoscopy is increased in evaluating 
cancers of the body and tail, however, as these patients are 
found to have occult metastatic disease at operation 50% of 
the time [33]. Diagnostic laparoscopy in the management of 
pancreatic cancer must be used on an individualized basis, 
taking into account the age and comorbidities of the patient, 
as well as the likelihood of finding occult metastatic disease. 
It would seem appropriate, however, if suspicion exists in an 
elderly patient that laparoscopy, to spare the patient an 
unnecessary laparotomy, might be in order. It has been sug-
gested that markedly elevated CA 19-9 levels may correlate 
with advanced cancer stage [15, 34]. Finally, the need for 
surgical palliation of biliary and duodenal obstruction must 
also be taken into account, as patients who require palliative 
bypass will not benefit from laparoscopy. On the other hand, 
as the endoscopic and laparoscopic technical ability has 
advanced, many palliative procedures can be performed 
using these techniques, avoiding the need for open surgical 
procedures.

Preparation for Operation

If the decision is to proceed with an operation for pancreatic 
cancer in an elderly patient, proper preoperative preparation 
is required. Thorough assessment of cardiopulmonary status, 
renal and hepatic function, the state of hydration, nutrition, 

Figure 75.8  Endoscopic 
Ultrasound. (a) The tumor (black 
arrow) is clearly visualized, as 
well as its relationship to the 
superior mesenteric artery (sma) 
and vein (smv). (b) Fine-needle 
aspiration of the tumor for 
cytologic examination.
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anemia, and coagulation abnormalities is necessary. All 
efforts should be made to optimize the patient’s overall health 
prior to proceeding with operation for resection or palliation. 
Nutritional status can have a major impact on surgical out-
come after major abdominal surgery. The method of periop-
erative nutritional supplementation is controversial, as many 
methods are currently available. Meta-analyses regarding the 
use of preoperative total parenteral nutrition (TPN) for at 
least 7 days show varying results. Some studies have shown 
a reduction in serious postoperative complications, whereas 
several other studies show no benefit of preoperative TPN 
[35]. A recent Evidence Based Medicine Review notes that 
perioperative TPN is associated with a higher mortality and 
complication rate after pancreaticoduodenectomy, and rec-
ommends cyclic enteral nutrition for the optimal outcome in 
patients undergoing pancreatic resection [36].

Another major controversy in the preoperative manage-
ment patients with pancreatic cancer presenting with obstruc-
tive jaundice is the role of preoperative biliary decompression. 
Biliary decompression can be performed by percutaneous 
transhepatic drainage or by placement of an endoscopic stent 
at the time of ERCP. In recent years, endoscopic stent place-
ment has become the preferred method, as it is usually 
accomplished with less pain and complications and is better 
tolerated by patients. The benefit of routine preoperative bil-
iary drainage is questionable, however, with multiple series 
suggesting that the use of preoperative stenting increases the 
incidence of perioperative complications, especially wound 

infection [32, 37]. Therefore, preoperative biliary drainage is 
indicated only in selected patients, including the elderly, 
with advanced malnutrition, sepsis, or correctable medical 
conditions. Preoperative biliary drainage may be useful in 
allowing time for improvement of the patient’s overall health 
status, particularly in an elderly patient. Furthermore, if sur-
gery is to be delayed to facilitate referral of the patient to a 
high-volume center, endoscopic biliary stenting is advanta-
geous. Finally, if preoperative neoadjuvant therapy is consid-
ered, biliary drainage is necessary before such therapy can be 
initiated.

Resection of Lesions of the Pancreatic Head

Pancreaticoduodenectomy (Whipple procedure) is the appro-
priate procedure for resectable cancers of the head of the 
pancreas, regardless of the age of the patient (Fig. 75.9) [38]. 
While many clinicians have regarded advanced age as a rela-
tive contraindication for major surgery, recent evidence sug-
gests that age alone should not preclude surgery for pancreatic 
cancer. Prior to 1980, when the morbidity and mortality for 
pancreatic resection were substantially higher in all age 
groups, several studies found that elderly populations fared 
worse than their younger counterparts. Herter et al. observed 
that operative deaths rose from 7.7% in patients in the 41- to 
50-year age group to 25% in patients 61–70 years of age [39]. 

Figure 75.9  Pylorus preserving 
pancreaticoduodenectomy  
(a) Depicts the extent of 
resection for a pylorus-preserving 
pancreaticoduodenectomy for 
cancer of the head of the 
pancreas. (b) depicts reconstruc-
tion with an end-to-end 
pancreaticojejunostomy, 
end-to-side hepaticojejunostomy, 
and a retrocolic duodenojejunos-
tomy. (Reprinted with permis-
sion from Cameron [38]).



99375  Benign and Malignant Neoplasms of the Exocrine Pancreas

Lerut and colleagues also noted a significant increase in 
mortality, 41% versus 5% (p < 0.001), and morbidity, 58.8% 
versus 16.3% (p < 0.01), in patients undergoing pancreati-
coduodenectomy over the age of 65 when compared to that 
in younger patients [40]. Finally, Obertop et al. reported 33% 
mortality following pancreaticoduodenectomy in patients 
over age 70 compared to 4% in younger patients [41].

Over the past two decades, however, numerous studies 
have challenged the view that pancreaticoduodenectomy 
may be contraindicated in elderly patients. One of the first 
series to show equivalent outcomes in elderly patients was a 
report from The Johns Hopkins Hospital, which reported 145 
consecutive pancreaticoduodenectomies performed without 
mortality. Subgroup analysis, which separated patients by 
age (³70, n = 37; <70, n = 108), revealed no significant differ-
ence in the incidence of postoperative complications. No 
specific complication was significantly more frequent in the 
older group, and for many serious complications, patient 
over the age of 70 had a lower incidence. Operating time, 
blood loss, and length of stay were also statistically equiva-
lent between the two groups, and no deaths occurred in either 
group [42].

Since 1990, numerous single-center series have been 
published, reporting the perioperative outcome of pancreatic 
resection in elderly (Table 75.3) [14, 43–58]. Most of these 
studies found equivalent or acceptable morbidity and mortal-
ity rates in elderly patients compared with younger cohorts, 
suggesting that age alone should not be seen as a contraindi-
cation to surgery.

In one such study, Delcore et al. reported a series of 42 
patients between age 70 and 80 who underwent pancreati-
coduodenectomy. The incidence of major complications was 
14%, with 2 operative deaths (5%) [59]. Hannoun and 
colleagues reported perioperative morbidity and mortality in 
223 patients undergoing pancreaticoduodenectomy, with 
44  patients who were of age 70 and over. Perioperative 
morbidity was similar in the two groups (35%), while 
mortality was actually decreased in the older patients (4.5% 
vs. 10%) [46]. In a large series from Memorial Sloan–
Kettering Cancer Center, Fong et al. analyzed the results of 
138 elderly patients (³70 who underwent major pancreatic 
resection compared to 350 patients under age 70 [47]. Length 
of stay (20  days vs. 20  days), frequency of complications 
(39% vs. 45%), and perioperative mortality (4% vs. 6%) 

Table 75.3  Summary of publications comparing perioperative outcome between elderly and young patients undergoing pancreatic resection

Author (Year) Comparison groups
Complication rate (%), 
older vs. young (p)

Perioperative mortality rate 
(%), older vs. young (p)

Hannoun et al. (1993) [46] ³70 (n=44) vs. <70 (n=179) 36 vs. 34 (NS) 4.5 vs. 10 (NS)
Fong et al. (1995) [47] ³70 (n=138) vs. <70 (n=350) 45 vs. 39 (NS) 6 vs. 4 (NS)
Vickers et al. (1996) [48] ³70 (n=21) vs. <70 n=49) 43 vs. 53 (NS) 8 vs. 0 (NS)
Sohn et al. (1998) [49] ³80 (n=46) vs. <80 (n=681) 57 vs. 41 (0.05) 4.3 vs. 1.6 (NS)
DiCarlo et al. (1998) [50] ³70 (n=33) vs. <70 (n=85) 39 vs. 33 (NS) 6 vs. 4 (NS)
Bottger et al. (1999) [51] >70 (n=57) vs. £70 (n=243) 56 vs. 40 (NS) 5.3 vs. 2.9 (NS)
Al-Sharaf et al. (1999) [52] ³70 (n=27) vs. <70 (n=47) 45 vs. 46 (NS) 7 vs. 4 (NS)
Bathe et al. (2000) [53] ³75 (n=16) vs. 65–74 (n=54) 69 vs. 52 (NS) 25 vs. 3.7 (NS)
Bathe et al. (2001) [45] >74 (n=19) vs. 65–74 (n=47) 

vs. <65 (n=38)
57 vs. 38 (NS)a 21 vs. 2 (NS)a

Hodul et al. (2001) [44] ³70 (n=48) vs. <70 (n=74) 40 vs. 35 (NS) 0 vs. 1.4 (NS)
Richter et al. (2002) [14] ³70 (n=93) vs. <70 (n=426) 24 vs. 22 (NS) 3 vs. 3 (NS)
Lightner et al. (2004) [43] ³75 (n=30) vs. <75 (n=188) (at UCSF) 70 vs. 56 (NS) 3 vs. 3 (NS)

³75 (n=515) vs. <75 (n=2,598) (in CA) Data unavailable 10 vs. 7 (<0.05)
Brozzetti et al. (2006) [54] ³70 (n=57) vs. <70 (n=109) 49 vs. 46 (NS) 10.6 vs. 3.7 (NS)
Makary et al. (2006) [55] ³90 (n=10) vs. 80-89 (n=197) 

vs. <80 (n=2,491)
53 vs. 42 (<0.05)b 4.1 vs. 1.7 (<0.05)b

Scurtu et al. (2006) [56] ³75 (n=32) vs. 70-75 (n=38) 50 vs. 37 (NS) 6.2 vs. 0 (NS)
Casadei et al. (2006) [57] ³70 (n=35) vs. <70 (n=53) 40 vs. 26 (NS) 8.6 vs. 3.8 (NS)
Riall et al. (2008) [58] ³80 (n=214) vs. 70–79 (n=855) 

vs. 60–69 (n=887) vs. <60 (n=1,780)
Data unavailable 11.4 vs. 7.4 vs. 5.8 vs. 2.4 

(<0.0001)c

UCSF Patients from University of California San Fransisco, CA Patients from a California statewide database
a Age >74 vs. 65–74. Complications and mortality of age group <65 years old (55% and 3%, respectively) were not significantly different from the 
other two age groups
b Age 80–89 vs. <80. After controlling for comorbidities, complication rate and mortality rate were not statistically significant between age 
groups
c ³80 vs. 70–79 vs. 60–69 vs. <60. The mean values of all four groups were compared using analysis of variance (ANOVA)



994 K.M. Dalbec and K.D. Lillimoe

were no different in the younger vs. older groups. In fact, 
there were no deaths among the 24 patients aged over 80 
years who underwent pancreatic resection. Analysis of the 
complications in this study identified that a history of cardio-
pulmonary disease, abnormal preoperative ECG or chest 
radiograph, and operative blood loss of >2,000 ml were most 
powerful predictors of a complication [47].

Ultimately, experienced groups of pancreatic surgeons 
have extended the operative indications for resection to 
patients over 80 years of age. A series of 46 patients aged 80 
and over, undergoing pancreaticoduodenectomy over a 
10-year period at Johns Hopkins, were compared to 681 
patients under 80 who underwent the procedure during the 
same time period [49]. The two groups were similar with 
respect to gender, race, intraoperative blood loss, transfu-
sions, and type of resection performed. The older patients 
had a shorter mean operative time (6.3 ± 1.3 vs. 7.1 ± 4.0 
hours, p < 0.05) but a longer postoperative length of stay 
(median 15.0 vs. 13.0  days, p < 0.05) than their younger 
counterparts. A higher incidence of overall complications 
was seen in the older patients (57% vs. 41%, p = 0.05), with 
a statistically significant increase in delayed gastric empty-
ing among the elderly (33% vs. 18% p = 0.03). Perioperative 
mortality was slightly higher among the elderly patients 
(4.3% vs. 1.6%), but this was not statistically significant. 
Another study several years later by the same group exam-
ined the outcomes of pancreaticoduodenectomy in the very 
elderly, which included patients aged 90 and older [55]. 
Three groups that underwent pancreaticoduodenectomy 
between 1970 and 2005 were compared: under age 80 
(n = 2,491), age 80–89 (n = 197), and age ³90 (n = 10). While 
the patients aged 80–89 did have a higher mortality rate 
(4.1% vs. 1.7%, p < 0.05) and complication rate (52.8% vs. 
41.6%, p < 0.05) than their younger counterparts, these dif-
ferences were not significant after adjusting for preopera-
tive comorbidities. Multivariate analysis found that coronary 
artery disease and COPD were independent risk factors for 
mortality after pancreaticoduodenectomy, but age alone 
was not.

In addition to these numerous studies that looked spe-
cifically at patient age, several large series examined all 
patients after major pancreatic resection to elucidate over-
all prognostic indicators for outcome. One such study came 
from the Massachusetts General Hospital, in which 733 
consecutive pancreatic resections performed from 1990 to 
2000 were reviewed. The authors found that mean age of 
patients increased significantly over that time period, from 
57 to 65 years of age. Multivariate analysis of this series of 
patients did not identify age as a significant prognostic 
indicator of poor outcome [60]. A series published from 
our institution reviewed 516 pancreaticoduodenectomies 
performed over a period of 20  years. Multivariate analy-

sis  of multiple demographic and preoperative variables 
revealed several prognostic factors of poor outcome, none 
of which were age-related. These include preoperative 
serum total bilirubin level, blood loss, operation type, diag-
nosis, and lymph node status [61]. Another large series 
from Memorial Sloan–Kettering studied 555 pancreatic 
resections for pancreatic adenocarcinoma performed over a 
period of 17 years. Cox multivariate analysis did not find 
age to be an independent risk factor (p=0.695) [62]. House 
and colleagues examined preoperative factors among 356 
patients who underwent pancreaticoduodenectomy for pan-
creatic adenocarcinoma between 2000 and 2005. 
Multivariate analysis again revealed that age was not an 
independent predictor of complications, but body mass 
index (BMI) and visceral fat thickness were predictors of 
pancreatic fistulas, infectious complications, and increased 
overall complication rate [63].

A number of factors have accounted for the overall 
improvement in surgical outcomes following pancreatic 
resection including improvements in surgical technique, 
anesthesia, and management of complications. However, the 
“regionalization” of pancreatic surgery to “high-volume” 
centers is believed to be a major factor by many. The first 
data supporting this theory came from a study of patients 
who underwent pancreatic surgery in all nonfederal hospi-
tals in Maryland that revealed that decreased procedural vol-
ume was associated with a significantly increased in-hospital 
mortality rate [64]. Similar results have been reported by 
numerous other investigators [65–69]. Perhaps the most con-
vincing data, however, has come from Birkmeyer and col-
leagues, who drew national medical attention by publicizing 
major disparities between high- and low-volume centers 
with regard to outcome after major surgeries including pan-
createctomy [70].

The effect of “regionalization” to high-volume centers 
has also been analyzed with respect to older patients. Several 
groups have published population-based studies to study the 
effects of both age and hospital volume on postpancreatec-
tomy outcome. Using a statewide database, Lightner and col-
leagues studied four groups of patients who underwent 
pancreatic resection for neoplasia: patients from any 
California hospital younger than 75 years of age (n=2,491), 
patients from any California hospital aged 75 and older 
(n=515), patients from UCSF <75 (n=188), and patients 
from UCSF ³75  years of age (n=30). Results revealed a 
striking difference in outcome between older patients 
who  were treated at UCSF, a high-volume referral center, 
compared with those from a statewide database. While 
mortality was no different between younger and older 
patients at UCSF (3%), elderly patients had higher mortality 
rates statewide compared to their younger counterparts 
(10%  vs. 7%, p = 0.006). Length of stay was statistically 
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equivalent for young and old patients at UCSF (16 vs. 
15  days), whereas elderly patients statewide had a longer 
length of stay (21.4 vs. 19.8 days, p < 0.05). Even at UCSF, 
complications were more frequent in the elderly (70% vs. 
56%), and they were more likely to be discharged to a skilled 
nursing facility (17% vs. 1%, p < 0.05) [43].

More recently, Riall et  al., using a population-based 
cohort in Texas, have stratified patients undergoing pancre-
atic resection in Texas from 1999 to 2005 (n=3,736) by age 
into 4 groups: <60, 60–69, 70–79, and ³80 years of age. 
Hospitals with low volume (£10 pancreatic resections/year) 
and high volume (>10 pancreatic resections/year) were also 
compared. Mortality increased with increasing age in both 
types of hospitals, but low-volume hospitals had a more 
significant increase (Table 75.4). Unfortunately, this study 
also found that elderly patients were less likely to be 
resected at high-volume hospitals (62.3% of <60 year-olds 
vs. 53.7% of ³80 year-olds, p=0.01). Bivariate and multi-
variate analysis were performed, which revealed older age 
as an independent predictor for increased mortality, longer 
length of stay, and increased discharge to nursing facility 
[58]. These population-based studies suggest that elderly 
patients who undergo pancreatic resection would be best 
served in a high-volume referral hospital and that surgeons 
must carefully weigh all patient factors before making the 
decision to operate.

Resection of Lesions of the Body and Tail

The opportunity to resect cancers of the body and tail of the 
pancreas is typically more limited than that of the pancreatic 
head, due to high frequency of advanced disease at diagno-
sis. If an elderly patient appears to have resectable disease 
based on available imaging, many surgeons favor diagnostic 
laparoscopy to look for occult metastatic disease before pro-
ceeding with resection. In the absence of metastatic disease, 
distal pancreatectomy with splenectomy is the operation of 
choice. Although less well studied than outcomes after 

pancreatic head resection in the elderly, available data 
indicate that elderly patients tolerate distal pancreatectomy 
well. In a study of the risk factors predicting outcome after 
distal pancreatectomy, multivariate analysis found that age 
was not an independent predictor of outcome [71].

Palliation

Unfortunately, many cancers of the pancreas are unresect-
able at the time of diagnosis. Thus, optimal palliation of 
symptoms to maximize the quality of life is of primary 
importance. The three primary symptoms warranting pallia-
tion are obstructive jaundice, gastric outlet obstruction, and 
pain. Palliation in patients with unresectable pancreatic car-
cinoma has evolved over the last few decades with the 
increased use of endoscopic biliary stenting. Early prospec-
tive randomized trials showed that nonoperative biliary stent 
placement for palliation of obstructive jaundice had both 
lower complication and mortality rates. Many surgeons 
pointed out, however, that the mortality rate in the surgical 
arms (15–24%) was much higher than typical mortality rates 
for surgical biliary bypass. None the less, nonoperative pal-
liation of periampulary carcinoma, especially in older 
patients, has become routine. Advocates for surgical bypass, 
however, remark that most surgical series report mortality 
rates of less than 5% and a much lower incidence of late 
jaundice when compared to endoscopic palliation [72]. 
Furthermore, when Nuzzo and colleagues compared the out-
comes of elderly people (over age 70) undergoing surgical 
vs. endoscopic palliation, surgical palliation resulted in bet-
ter long-term outcomes with similar morbidity [73]. Mean 
survival after surgery was significantly higher than that after 
stent placement (13.2 months vs. 7.29, p < 0.001), and total 
readmissions were fewer after surgery than stenting (1 vs. 25, 
p = 0.001) (Table 75.5).

Although the role of nonoperative palliation in patients 
found to be unresectable during preoperative evaluation has 
been well defined, most surgical groups favor performing 
surgical biliary bypass, should the tumor be determined to 
be  unresectable at the time of laparotomy. This is best 

Table 75.4  Mortality by age after pancreatic resection at high-volume 
and low-volume hospitals in Texas

Age <60 60–69 70–79 ³80 Overall

Mortality: low-volume (%) 3.0 9.5 11.4 14.7 7.3a

Mortality: high-volume (%) 2.0 3.5   4.5   8.7b 3.2
Mortality: overall (%) 2.4 5.8   7.4 11.4c

Source: Data from Riall et al. [58]
a p<0.0001 overall mortality at low-volume vs. high-volume institution
b p<0.0001 the difference in mortality between low- and high-volume 
institutions was accentuated with each increasing age group
c p<0.0001 All age groups compared to each other using ANOVA

Table 75.5  Palliative biliary bypass vs. biliary stenting in patients >70 
years of age with unresectable pancreatic cancer [73]

Surgery (n=24) Stent (n=35) p Value

Mortality (%) 1   3 NS
Morbidity (%) 6 10 NS
Patients readmitted 1 15 0.006
Number of readmissions 1 25 0.001
Mean survival (months) 13.2 ± 8.06 7.29 ± 2.25 <0.001
Source: Data from Nuzzo et al. [73]
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accomplished by an anastomosis of the bile duct to the small 
intestine as a hepaticojejunostomy. If patients have duodenal 
obstruction, a retrocolic gastrojejunostomy should be per-
formed (Fig. 75.10) [38].

The role of prophylactic gastrojejunostomy for palliation 
in patients found to have unresectable pancreatic carcinoma 
at laparotomy has been considered controversial. The ques-
tion, however, appears to have been answered by two pro-
spective randomized trials. One such study was performed at 
Johns Hopkins which evaluated 87 patients with unresect-
able periampullary cancer who were randomized at the time 
of laparotomy to either prophylactic retrocolic gastrojejunos-
tomy or no gastrojejunostomy. None of the patients who 
underwent gastrojejunostomy developed late gastric outlet 
obstruction, whereas the patients without gastrojejunostomy 
had a 19% rate of late gastric outlet obstruction requiring 
intervention (p < 0.01). Length of stay, morbidity, mortality, 
and long-term survival were comparable between the two 
groups [75]. In a second prospective, randomized multicenter 
trial, patients with unresectable cancer at the time of laparo-
tomy underwent either a biliary bypass alone (single bypass) 
with hepaticojejunostomy or a double bypass with both a 
hepaticojejunostomy and a retrocolic gastrojejunostomy 
[75]. The group who underwent double bypass had signifi-
cantly decreased incidence of late gastric outlet obstruction 
without any increase in complication rate, providing evi-
dence that prophylactic double bypass should be routinely 
performed in these patients.

Traditionally, patients who present with unresectable 
cancer and duodenal obstruction required an open gastroje-
junostomy to provide palliation. Recent developments includ-
ing both laparocopic gastrojejunostomy and endoscopic 

metallic stent placement offer less invasive alternatives. 
A number of series have shown excellent results with laparo-
scopic gastrojejunostomies [76, 77]. In addition, the role of 
endoscopic stenting for duodenal obstruction has quickly 
expanded over the last decade (Fig. 75.11). Several retrospec-
tive studies have compared outcome after duodenal stent 
placement vs. gastrojejunostomy (GJJ). In one study, 42 
patients who underwent GJJ were compared to 53 patients 
who underwent stent placement [78]. There were no differ-
ences between the groups as far as minor complications, early 
major complications, and long-term survival, although the 
surgical group had fewer late complications (22% vs. 60%), 
and the stented group had a shorter length of hospital stay 
(6 days vs. 18 days, p<0.001). This study suggests that gas-
trojejunostomy is associated with better long-term outcomes, 
while endoscopic stent placement is associated with better 
short-term outcomes, with no difference in long-term survival. 
For many patients, primarily with advanced unresectable dis-
ease or elderly patients with poor performance status, duode-
nal stent placement has become the procedure of choice.

The management of pain in patients with advanced 
pancreatic adenocarcinoma is one of the most important 
aspects of their care, and multiple complementary treatment 
strategies are available. Most patients can be successfully 
managed with a combination of short- and long-acting oral 
opiates, often combined with topical sustained-release 
opiates. However, appropriate dosing of opioids in the elderly 
must be considered. In a recent review of the pharmalogical 
management of cancer pain in the elderly, the authors note 

Figure  75.10  Roux-en-Y hepaticojejunostomy (white arrow) is 
performed for biliary decompression, and a retrocolic gastrojejunos-
tomy (black arrow) relives gastric outlet obstruction. (Reprinted with 
permission from Cameron [38]).

Figure  75.11  Enteric palliation using an endoscopically placed 
duodenal stent (white arrow) and relief of biliary obstruction with bil-
iary stent (black arrow).
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frequent undertreatment of elderly patients with cancer-
related pain [79]. Unrelieved cancer pain in the elderly can 
lead to disturbances in mood, sleep, appetite, and cognition. 
Many health-care providers have misconceptions about pain 
perception in the elderly, tolerance and addiction, and 
increased potency of medications. In general, opioid use in 
the elderly should start at low doses and be titrated according 
to the patient’s response and adverse effects. Choice of medi-
cation should take into account duration of action, ease of 
administration, and overall health of the patient. Long-acting 
morphine preparations are commonly used for cancer pain, 
but its use in the elderly with renal impairment must be 
weighed carefully, as renal failure may lead to the buildup of 
a toxic, antagonistic metabolite. Meperidine is ill-advised in 
the elderly due to its short duration of action, poor oral avail-
ability, and neurotoxic metabolites. Oxycodone is appealing 
for use in the elderly, as its pharmacokinetics is usually inde-
pendent of age, renal function, and albumin concentration. 
Transdermal fentanyl is an analgesic that has also been 
shown to be well tolerated in the elderly population.

When pancreatic cancer pain is intractable in spite of 
appropriate opioid analgesics, several invasive techniques are 
available for pain control. These techniques target either the 
celiac plexus or the splanchnic nerves. Two methods are avail-
able for absolute alcohol neurolysis of the celiac plexus: stan-
dard needle placement through the midback (with CT or 
fluoroscopic guidance) or endoscopic ultrasound (EUS)-
guided needle placement. Both methods have been shown to 
significantly reduce pain for sustained periods of time, with the 
EUS-guided approach having fewer complications [80–82]. 
When a pancreatic cancer is determined to be unresectable at 
laparotomy, intraoperative chemical splanchnicectomy with 
direct injection into the area of the celiac axis (Fig.  75.12) 

[38] should be performed. Lillemoe and colleagues performed 
a prospective, randomized, double-blind, placebo-controlled 
trial comparing chemical splanchnicectomy with 50% alcohol 
to a sham saline injection [83]. The patients who received 
alcohol injections had significantly improved pain scores 
compared to those who received saline at 2-, 4-, and 6-month 
follow-up assessments, as well as at the final assessment 
(p<0.05). This procedure can also be performed during lap-
aroscopic staging for pancreatic cancer. Neurolytic celiac 
plexus block also improved multiple quality-of-life measures 
in those patients. In the elderly population, EUS-guided neu-
rolytic celiac plexus block likely delivers the least invasive, 
most effective option for intractable pancreatic cancer pain.

Post-Op Care and Complications

Adequate fluid and electrolyte maintenance, glucose regula-
tion, pulmonary toilet, nutritional evaluation and support, 
and provision of appropriate perioperative antibiotic prophy-
laxis are routine. Unfortunately, complications are common 
in all age groups after pancreaticoduodenectomy, with typi-
cal rates of 30–40%. The difference in complication rates 
between elderly and younger patients has been addressed by 
multiple retrospective comparisons [13, 14, 43–58]. Although 
numerous studies have found no difference in complication 
rates between these two groups, others have reported higher 
rates of delayed gastric emptying [49, 56], bleeding compli-
cations [50], cardiac morbidity [43, 55], or pancreaticoje-
junostomy leaks [14] in older patients. Several studies report 
that elderly patients with comorbidities have increased com-
plication rates compared to younger patients with the same 
comorbidities [54, 55]. Similarly, unpublished data from 
Indiana University demonstrates that elderly patients 
with few comorbidities and in better overall health 
(albumin>3 g/dl, hemoglobin>10 g/ml) had equivalent out-
comes as younger patients, while elderly patients with more 
comorbidities and poor overall health had significantly worse 
outcomes than younger patients [84]. This suggests that care-
ful preoperative patient selection and increased postopera-
tive diligence are warranted in elderly patients who undergo 
major pancreatic resection.

Chemotherapy/Radiation Therapy

Many surgeons believe that the future improvement in out-
come of pancreatic cancer will come through advances in 
adjuvant and neoadjuvant chemoradiation therapy. 
Traditionally, in the United States, standard adjuvant therapy 
following pancreatic resection has consisted of external 

Figure 75.12  Chemical Splanchnicectomy. After identification of the 
celiac axis in the lesser sac, 50% ethanol is injected into the celiac plexus 
for pain control. (Reprinted with permission from Cameron [38]).
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beam radiotherapy with concomitant 5-fluorouracil (5-FU) 
chemotherapy. In recent years, gemcitabine has been substi-
tuted for 5-FU. These recommendations have been based on 
a somewhat outdated prospective randomized trial conducted 
in the 1980s (GITSG trial) [85]. More recently, a large pro-
spective, randomized multi-institutional trial in Europe 
(ESPAC) has confirmed the benefit of postoperative adjuvant 
chemotherapy with 5-FU following pancreatic resection [86]. 
However, this study showed that the addition of radiation 
showed no benefit and perhaps led to a worsening of out-
comes when combined with chemotherapy alone. While nei-
ther study specifically addressed age as a factor in determining 
outcome in patients who were included in these trials, tradi-
tionally, a major factor determining the ultimate success of 
any chemotherapy regimen is the functional status of the 
patient and their ability to complete the treatment regimen. 
Elderly patients following pancreatic resection might tend to 
have a slower overall recovery of functional status limiting 
either their inclusion in or full completion of adjuvant ther-
apy regimens. Similarly, recent results have suggested that 
neoadjuvant therapy with preoperative chemotherapy and 
radiation therapy can be applied safely to patients prior to 
pancreaticoduodenectomy for cancer of the pancreas [87, 
88]. These studies have shown no increase in perioperative 
complications and comparable long-term survival. Again, 
the selection criteria for these studies have not defined age as 
being a prohibitive factor in inclusion in the trials.

In patients with unresectable pancreatic cancer, systemic 
chemotherapy, usually with gemcitabine is typically applied 
alone in patients with metastatic disease or in combination 
with radiation for locally advanced tumors. Traditionally, 
concerns have been raised that chemotherapeutic side effects 
may be prohibitive, particularly with concurrent radiation 
therapy, in elderly patients. Morizane and colleagues 
reviewed outcome data from pancreatic cancer patients <70 
(n = 39) and ³70 (n = 19) who underwent 5-FU therapy with 
concurrent radiotherapy [89]. In spite of lower pretreatment 
albumin levels and more weight loss in the elderly group, 
there were no significant differences in toxicity or discon-
tinuation of treatment between groups. In fact, the median 
survival time was longer in the elderly patients (11.3 months 
vs. 9.5 months, p=0.04). Another study evaluated the toler-
ance of gemcitabine regimens in patients aged over 70 years 
with advanced pancreatic cancer [90]. The elderly patients 
(n=42) had a higher incidence of neutropenia and peripheral 
neuropathy than their younger counterparts, resulting in 
more frequent dose reductions (62% vs. 40%, p=0.03) in the 
elderly. Overall tolerance was equivalent between the groups, 
however, and efficacy was similar. In a study investigating 
the economics of the often-expensive chemoradiation ther-
apy in elderly patients with pancreatic cancer, combination 
treatment with radiation and chemotherapy was determined 
to be a cost-effective alternative to no treatment [91]. These 

results indicate that standard chemoradiation modalities 
should be strongly considered in elderly patients who have a 
suitable performance status.

Long-Term Outcomes

Despite improvements in surgical management and periop-
erative mortality, long-term survival remains poor following 
resection for pancreatic adenocarcinoma in patients of all 
ages. Even the best 5-year actuarial survival rates after pan-
creaticoduodenectomy only approach 20%. Several large 
series that have applied multivariate statistical analysis have 
shown that age is not an independent prognostic factor for 
survival [61, 62, 92, 93]. In contrast, one large study of a 
statewide database of 2,230 patients diagnosed with pancre-
atic cancer found that advanced age at diagnosis was an inde-
pendent risk factor for decreased survival (hazard ratio 1.23, 
CI 1.18–1.29), although this may be a result of elderly 
patients not undergoing surgical resection [94]. Most analy-
ses find tumor characteristics and stage to be the most influ-
ential prognostic factors for survival, such as tumor size, 
nodal status, margin status, and tumor differentiation.

Numerous single-institution studies have examined long-
term outcome after pancreatic resection in the elderly com-
pared to younger patients (Table 75.6). The majority of series 
found similar 5-year survival rates in elderly patients as those 
in younger patients [14, 49, 50, 52, 53, 56, 57, 95]. In con-
trast, a review performed at the Memorial Sloan–Kettering 
Cancer Center, the 5-year survival rate for patients ³70 who 
underwent pancreatic resection (n = 138) was significantly 
lower than the 5-year survival of patients under age 70 
(n = 350) (21% vs. 29%, p = 0.03) [45, 47, 55]. As with short-
term outcomes, hospital volume is an important determining 
factor in long-term outcome after pancreatic resection. High-
volume, single-institution series report postresection 5-year 
survival rates as high as 29%, while population-based studies 
report rates of 15–16% [47, 95]. A study by Birkmeyer and 
colleagues investigated the relationship between hospital 
volume and 5-year survival after major cancer surgery. This 
study showed that for pancreatic cancer resection, there was 
a difference in long-term survival between low- and high-
volume hospitals (10.8% vs. 15.9%) [96]. These data, like 
those regarding perioperative outcome, suggest that elderly 
patients are best served at high-volume institutions.

Failure to Operate on Early Stage Cancer

Unfortunately, most patients with pancreatic cancer (52%) 
are found to have distant disease at the time of diagnosis. 
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The dismal prognosis for these patients has led to an over-
all pessimism for the aggressive treatment of this disease. 
Of the 38,000 pancreatic cancer patients in the SEER 
National Cancer Registry database, 7% have localized dis-
ease, and 26% present with regional disease. When these 
33% patients with locoregional disease have been studied, 
only about half of them underwent any form of surgical or 
radiation treatment [97, 98]. Even among Stage I patients, 
who are potentially curable with resection, Bilimoria et al. 
found that 71% did not undergo surgery. Analysis of these 
patients showed that 6.4% were excluded due to comor-
bidities, 4.2% refused, 9.1% were excluded due to age 
alone, and 38.2% were not offered surgery for undeter-
mined reasons [97]. In addition to the 9.1% who were 
excluded due to age, the average age of patients who were 

not offered surgery was significantly higher, 71.7 vs. 62.1 
(p < 0.0001). This study suggests that age has a major 
influence in the management options that are offered to 
patients, including referral to a surgeon (Fig.  75.13). 
Gawron et  al. found similar differences, with a much 
higher percentage of older patients treated nonoperatively 
[99]. This age-related referral bias did not appear to be 
related to increased comorbidities in the elderly, since the 
group of patients who were offered surgery had signifi-
cantly more comorbid conditions than those who were not 
offered surgery (p < 0.0001) [97]. Furthermore, the pattern 
of not offering surgery to elderly patients did not change 
over the time period of the study (1995–2004) despite sig-
nificant decreases in surgical morbidity/mortality during 
that time and multiple reports of successful pancreatic 

Table 75.6  Survival among older versus younger patients after pancreatic resection for pancreatic adenocarcinoma

Author (year) Comparison groups
Median survival (months),  
old vs. young (p value)

5-Year overall survival (%),
old vs. young (p value)

Hannoun et al. (1993) [46] ³70 (n=21) vs. <70 (n=71) 16 vs. 16 (NS) 17 vs. 19 (NS)
Fong et al. (1995) [47] ³70 (n=138) vs. <70 (n=350)a 18 vs. 24 (0.03) 21 vs. 29 (NS)
Vickers et al. (1996) [48] ³70 (n=15) vs. <70 (n=17) – 47 vs. 26 (NS)b (4 years)
Sohn et al. (1998) [49] ³80 (n=25) vs. <80 (n=282) 18 vs. 17 (NS) 46 vs. 36 (NS)b (2 years)
DiCarlo et al. (1998) [50] ³70 (n=29) vs. <70 (n=69) 14 vs. 16 (NS) 0 vs. 9b

Al-Sharaf et al. (1999) [52] ³70 (n=14) vs. <70 (n=27) 9.7 vs. 8.3 (NS) 0 vs. 11b

Bathe et al. (2001) [45] >74 (n=19) vs. 65-74 (n=47)
>74 (n=19) vs. <65 (n=38)

11 vs. 25 (0.022)
11 vs. 12 (NS)

–

Richter et al. (2002) [14] ³70 (n=42) vs. <70 (n=205) 23 vs. 14 (NS) 39 vs. 25 (NS) in R0 resections
Makary et al. (2006) [55] 80-89 (n=102) vs. <80 (n=1,022) 11 vs.18 12 vs. 19 (0.002)
Scurtu et al. (2006) [56] ³75 (n=20) vs. 70-75 (n=27) – 7 vs. 17 (NS) (3 years)
Casadei et al. (2006) [57] ³70 (n=26) vs. <70 (n=38) 20 vs. 15 (NS) 0 vs. 13 (NS)
a Includes patients with other periampullary malignancies, islet cell malignancy, and other cancers metastatic to the pancreas
b Actuarial survival

Figure 75.13  Failure to operate 
on stage I pancreatic cancer. 
Note the role of age in the 
chances that a patient will be 
offered surgery. *p<0.0001 
compared to age of patients who 
underwent surgery (Data from 
Bilimoria et al. [97]).
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resection in elderly patients. This unfortunate trend is true 
for cancer-directed surgery in other diseases as well, with 
underutilization in elderly populations [100].

Management of Benign  
and Premalignant Neoplasms

Diagnosis

The diagnosis and management of benign pancreatic neo-
plasms has become an increasingly frequent problem over 
the last decade. This is in part due to the increased detec-
tion of asymptomatic lesions due to the widespread appli-
cation of cross-sectional imaging studies. The challenge is 
determining which lesions are malignant, benign but pre-
malignant, or benign with no malignant potential. The 
majority of the asymptomatic lesions is cystic and includes 
mucinous cystic neoplasm (MCN), intraductal papillary 
mucinous neoplasm (IPMN), and serous cystadenoma 
(SCA). Cross-sectional imaging (with or without pancre-
atography), endoscopic ultrasound, and cyst fluid analysis 
are the principal methods for evaluating cystic lesions of 
the pancreas.

Multidetector CT scan is generally the first technique 
used, whether it reveals an incidental, asymptomatic lesion, 
or has been obtained in the workup of abdominal symp-
toms. CT can often help discern between several types of 
cysts, based on specific characteristics. For example, the 
presence of multiple small-diameter microcysts, stellate 
scar, and sunburst calcifications is characteristic of SCAs 
and distinguishes these lesions from mucinous cystic 
tumors (Fig. 75.2). In addition to aiding in classification of 
cysts, several findings on cross-sectional imaging can pre-
dict the likelihood of malignancy of a cystic pancreatic 
lesion: peripheral calcification, dilated pancreatic duct, and 
presence of a solid component [101]. A noninvasive alter-
native to CT is MRCP, as this technique can determine if 
the lesion communicates with the pancreatic ductal system. 
IPMNs typically communicate with the pancreatic ductal 
system, whereas MCNs do not. MRCP or ERCP, as an inva-
sive procedure, can classify IPMN into main duct type, 
branch duct type, or mixed type IPMN, which has important 
implications with respect to management [6, 102]. 
Endoscopic ultrasound with fine-needle aspiration 
(EUS-FNA) has also become an important method used to 
differentiate between cyst types. The viscosity of aspirated 
fluid is the first clue to diagnosis, as mucinous neoplasms 
have a higher fluid viscosity than serous ones. Fluid analy-
sis revealing a high mucin content and high carcinoembryonic 
antigen (CEA) is diagnostic of a mucinous neoplasm, with 
an accuracy of 79% [11]. This differentiation between 

mucinous and nonmucinous is essential, as serous tumors 
are very rarely malignant and in most cases can be man-
aged without surgery.

Estimating the Malignant Potential

When a pancreatic cystic lesion has been classified as muci-
nous, whether it be MCN or IPMN, the clinician must then 
determine the likelihood of malignancy. Certain clinical and 
morphologic features of mucinous cystic lesions are associ-
ated with a higher likelihood of malignancy. When cross-
sectional imaging of MCN or IPMN reveals a tumor size 
>3 cm, calcification, or presence of a solid component, there 
is an increased chance of malignancy [6, 102]. In patients 
with IPMN, a main-duct subtype, side branch tumors with a 
dilated main pancreatic duct, elevated serum CEA or CA19-9, 
presence of jaundice, and new-onset diabetes have all been 
shown to be predictors of malignancy [2, 7, 101]. In addition, 
cyst fluid analysis revealing markedly elevated levels of CEA 
or PGE

2
 is associated with malignancy [103, 104]. Cytology 

of the cyst aspirate may also be used, which has a specificity 
of 83%, but the high false-negative rate creates a low sensi-
tivity (34.5%) [105]. Finally, advanced age is also associated 
with increased likelihood of malignancy, as most series find 
the average age of patients with malignant lesions to be 
5–6 years older than patients with benign tumors [106].

Indications for Resection

In elderly patients, the decision to proceed with surgical 
resection must take into account the patients symptoms, the 
likelihood of malignancy, the patient’s general medical con-
dition, and the expected morbidity and even mortality of the 
procedure. In patients with serous cystadenoma, the likeli-
hood of malignancy is less than 1%, so surgery should only 
be offered to symptomatic patients in relatively good heath 
or for tumors demonstrating significant growth. In the case 
of mucinous cystic neoplasms (MCNs), resection is indi-
cated in symptomatic patients and in cases with a high suspi-
cion of malignancy. Because it is impossible to determine 
malignancy preoperatively with absolute certainty, many 
surgeons advocate surgical resection for all patients with 
MCN who are suitable operative candidates [6]. For patients 
with branch duct IPMN, malignancy is extremely rare in 
asymptomatic patients with lesions less than 3 cm. Therefore, 
only those patients who are symptomatic or have large 
(>3 cm) lesions should undergo resection. In contrast, main-
duct IPMN has a malignancy rate of 60–92%, leading to 
most authors recommending resection for all patients 
[2, 7, 107].
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Case Study

Mr. Smith is an 80-year-old man who presented with 
painless jaundice, dark urine, clay-colored stools, and  
pruritus. His workup at an outside hospital consisted of a 
CT scan, which showed a potentially resectable 2.5 cm 
mass in the head of the pancreas, and an ERCP, which 
demonstrated pancreatic and biliary ductal obstruction. 
A biliary endostent was placed. Finally, an endoscopic 
ultrasound was performed, which showed a pancreatic 
mass with no evidence of visceral vessel invasion. Fine-
needle aspirate performed at the time of EUS was posi-
tive for pancreatic cancer. The patient was referred for 
surgical evaluation.

The patient’s past medical history is significant for a 
40-year smoking history, although he stopped smoking 
20 years ago. He has long-standing atrial fibrillation and 
has been on anticoagulation with warfarin. The patient 
has an internal cardiac defibrillator in place. He has type 
II diabetes managed with oral medications. He has a his-
tory of prostate cancer treated with radiation therapy, 
which has resulted with neuropathic bladder, which 
requires self-catheterization. He also has a history of a 
left hip replacement.

After determining that the patient was indeed a poten-
tial candidate for surgical management, follow-up with 
his cardiologist was obtained where echocardiogram 
revealed an ejection fraction of 20–25%, likely due to a 

Resection

When the decision is made to resect a benign or premalig-
nant tumor of the pancreas, most resections are performed 
using traditional pancreaticoduodenectomy or distal pancre-
atectomy. However, in recent years, multiple new minimally 
invasive and/or pancreas-sparing techniques have become 
popular options for surgical management. These include 
laparoscopic distal pancreatectomy with or without splenic 
preservation, central pancreatectomy, and enucleation of the 
lesion. For lesions of the body and tail of the gland, laparo-
scopic distal pancreatectomy, with or without the spleen-
preserving procedure, has gained favor with many surgeons 
[108, 109]. The laparoscopic technique has become widely 
applied for benign tumors or small tumors of undetermined 
malignant status. In patients considered to have a high prob-
ability of malignancy, splenectomy should be considered. 
For benign small lesions in the midpancreas, a central pan-
createctomy may be an appropriate choice, as it preserves as 
much pancreatic tissue as possible to ensure maintenance of 
endocrine and exocrine function. An even less invasive option 
for benign neoplasms is enucleation, in which the lesion is 
essentially ‘cored’ out from the pancreatic parenchyma. This 
procedure is most appropriate for lesions that are not in com-
munication with the main pancreatic duct [110].

Outcomes

Theoretically, the long-term survival after resection of a 
benign or premalignant pancreatic tumor should be compa-
rable to age-matched controls. However, patients with 

IPMNs are at risk for recurrent disease in the remnant gland 
after partial pancreatectomy. The extent of surgical resection 
of IPMNs should be determined by the extent of disease 
(especially the presence of multifocal lesions) and intraop-
erative frozen section of resection margins. After resection, 
patients with even benign or noninvasive IPMNs require 
careful follow-up for recurrent disease, which has been 
reported in approximately 10% of patients [2]. Survival for 
patients with resected invasive IPMNs is substantially better 
than for pancreatic ductal carcinoma and in some series 
approaches 50% at 5 years [10]. The role of postoperative 
adjuvant therapy for invasive IPMN has not been specifically 
determined but in general has been applied similarly to duc-
tal carcinoma.

Conclusions

Tumors of the exocrine pancreas are a significant issue in 
the elderly. In general, older patients should be treated 
aggressively with similar indications for surgery and simi-
lar procedures as in younger patients. The morbidity and 
mortality of major pancreatic resection have decreased 
among all age groups over the last three decades, making 
safer surgery an option. Great care should be taken, how-
ever, in assessing an older patient’s preoperative risk fac-
tors, potential for increased life expectancy, and hospital 
volume before proceeding with major surgical resection. In 
patients with malignant tumors, primary-care physicians 
and surgeons alike must recognize that surgical resection 
offers the only chance for cure and must not be withheld 
based on age alone.

(continued)
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Case Study  (continued)

nonischemic cardiomyopathy. His medications included 
avandia, corgard, glucosamine, iron, lasix, metformin, 
and norvasc. On review of systems, he denied chest pain, 
but exercise tolerance was limited with shortness of 
breath at one block or one flight of stairs. He had no his-
tory of cerebral vascular accident or stroke. He had lost a 
total of 10 pounds since the presentation. He denied nau-
sea, vomiting, or blood in his stool.

The patient was evaluated preoperatively by cardiol-
ogy as well as in our preoperative assessment and testing 
center and was brought to the operating room for a 
planned pancreaticoduodenectomy. His warfarin was 
stopped five days before surgery and on the morning of 
admission, he had a normal INR. General anesthesia was 
induced following placement of an epidural catheter for 
intraoperative anesthesia and perioperative pain control. 
After general anesthesia was obtained, the patient 
underwent a diagnostic laparoscopy, which showed no 
evidence of metastatic disease. A classic pancreaticoduo-
denectomy was then performed with an estimated blood 
loss of 400 ml and no intraoperative complications. After 
the reconstruction, a feeding jejunostomy was placed. At 
completion of the surgical procedure, the patient was 
extubated and transferred to the ICU. He was maintained 
in the ICU overnight and then transferred to a progressive 
care unit in the morning following surgery. On postopera-
tive day two, tube feeds were initiated, and on postopera-
tive day three, the patient was started on a clear liquid 
diet. The patient was maintained with perioperative 
prophylaxis with lovenox, and on postoperative day four, 
with no evidence of bleeding in the drains, the patient 

was started on therapeutic heparin for the remainder of 
his hospitalization. On postoperative day five, he 
developed an episode of atrial fibrillation with rapid ven-
tricular response, and cardiology follow-up was obtained. 
His heart rate was eventually controlled with digoxin and 
beta blockers which were not associated with hemody-
namic instability. Perioperatively, he had some confusion, 
thought to be due to intervenous narcotic PCA, but this 
cleared, and his pain was eventually well controlled with 
tylenol. He was able to tolerate a diet although oral intake 
was only marginal, and he was, therefore, maintained on 
cycled tube feeds throughout the remainder of his hospi-
talization. The patient was discharged to a rehab center 
on postoperative day 10 with drains removed and on ther-
apeutic lovenox until his anticoagulation was adequate 
on oral warfarin.

The patient was seen in follow-up on 1 month after 
discharge. He has recently been returned to his home 
where he lives independently with family nearby. He tol-
erates a diet  although we are still using the feeding 
jejunostomy for daily boluses of tube feeds but felt that 
his oral intake was adequate. He had no new cardiac 
events and was therapeutically anticoagulated with war-
farin. His feeding tube jejunostomy was removed. His 
incision was well healed.

Final pathology revealed a 2.7 × 2.2 × 1.6  cm ductal 
carcinoma of the pancreas. All margins were negative. 
One of 13 pancreatic lymph nodes showed direct inva-
sion by the cancer, but all other lymph nodes were nega-
tive. (A.J.C.C. State pT3, N1, M0). After consultation 
with the patient and his family, it was felt that his recov-
ery was adequate for referral to medical oncology for 
consideration of postoperative adjuvant chemotherapy.
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A decade ago, one eighth of the population of the United 
States was over the age of 65, and this small portion suffered 
one half of all cancers diagnosed [1]. It is projected by the 
U.S. Census Bureau that by the year 2030, more than 20% 
of the U.S. population will be over the age of 65. This 
demographic change alone will increase the number of 
cancers in America by approximately 30% [2, 3], making no 
other single factor as important as age for cancer incidence.

Advanced age has also long been associated with higher 
risk during surgical therapy. Brooks in 1937 reported opera-
tive results of 287 patients over the age of 70 years who 
underwent surgical procedures that today would be consid-
ered minor [4, 5]. The mortality rate was remarkably high 
(19%), with approximately one third of the patients who had 
undergone abdominal operations having in-hospital deaths. 
Brooks foretold that with a rapid increase of the elderly pop-
ulation, surgeons would increasingly be confronted with sur-
gical problems among the elderly and should strive to 
improve their results by becoming more accustomed to the 
physiologic changes associated with aging. It has been 
approximately seven decades since his paper, and with 
improvements in anesthetic and surgical technique, there has 
been substantial improvement in surgical outcomes of elderly 
patients after routine surgical procedures [5]. High-risk pro-
cedures such as cardiac operations and liver resections are 
now being routinely performed on the elderly population with 
good outcomes [6]. Advances in surgical technology have 
also increased the potential for curative cancer surgeries in 
older patients [7]. However, although elderly patients do 
favorably when carefully selected, they generally are wrought 
with more preoperative comorbidities, which can cause an 
increase in morbidity and mortality. Turrentine in 2006, in an 
institutional review of ACS NSQIP data, acknowledges that 
increasing age itself remains an important risk factor for 
postoperative morbidity and mortality [8]. In 2007, Finlayson 

commented on population-based outcomes after high-risk 
cancer operations in the elderly to be worse than previously 
reported in the literature with a point that patients in this 
population need to be carefully selected [9].

Surgical extirpation is the only curative therapy for malig-
nant disease of the liver. Although thermal destruction tech-
niques such as radiofrequency ablation are utilized, resection 
is still the gold standard for potential cure. In approximately 
50,000 cases of hepatic colorectal metastasis encountered 
annually in the United States, and the more than one million 
cases of primary hepatocellular carcinoma seen worldwide, 
surgical excision has been shown to result in long-term sur-
vival for more than one third of patients [10]. Because the 
number of elderly persons in the United States is growing and 
the incidence of many liver tumors increases with age, 
increasing numbers of patients are presenting for consider-
ation for resection of primary or secondary liver cancers. This 
chapter summarizes the current data on morbidity and mor-
tality after liver operations in the elderly and the pathophysi-
ology that may underlie the increased risk of complications 
in this age group. The current approaches for the most com-
mon tumors seen in the elderly are then summarized.

Perioperative Outcome After Liver  
Resection in the Elderly

The past four decades have seen a dramatic decline in mortal-
ity rates after liver resection [11–14]. Major liver resections 
are routinely performed at major centers with perioperative 
mortality rates less than 5%. In the past, elderly patients were 
thought to be at particularly high risk for perioperative com-
plications (Table  76.1). Studies published during the late 
1980s still reported mortality rates of 11–41% [15–17]. 
Extensive resections consisting of trisegmentectomy were 
associated with operative mortality of more than 30% [17]. 
The higher operative mortality and morbidity rates in elderly 
patients can be explained partly by associated conditions in 
elderly patients such as diabetes mellitus, cardiopulmonary 
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disease, and renal disease [18]. Other studies have implicated 
high American Society of Anesthesiologist grades, intraop-
erative transfusions, tumor size, and gender to be predictors 
of overall survival [6, 19]. A more important factor for such 
high complication and mortality rates in these series is the 
high incidence of the concomitant hepatic disorders of hepa-
titis and cirrhosis [5, 15, 20–22]. Several studies suggest that 
if these factors were excluded, there would be no difference 
in morbidity and mortality between old and young patients 
[20]. In more recent studies, in predominantly noncirrhotic 
elderly patients, the perioperative mortality mirrored that 
expected in a younger population [5, 6, 20, 21, 23–26].

We have reported two large series where resections in the 
elderly were performed with an operative mortality less than 
4% and a complication rate less than 35% [5, 25]. The major 
cause of mortality continues to be postoperative hepatic insuf-
ficiency; therefore, elderly patients with cirrhosis should be 
scrutinized closely before an operation is performed. 
Chronologic age alone should not be considered a contraindi-
cation to liver resection. In fact, many studies suggest that an 
aggressive surgical policy in the elderly is associated with 
low perioperative morbidity and mortality, as well as good 
long-term outcomes [27]. However, because associated medi-
cal conditions are more frequently encountered in patients 
with advanced age, we routinely refer patients of age 65 and 
over for cardiopulmonary evaluation prior to liver resection. 
Contrary to recommendations of others [17, 24], we do not 
believe that trisegmentectomies carry prohibitive risk in the 
elderly, and routinely offer such extensive resections to medi-
cally fit patients of advanced age. Postoperative medical mon-
itoring is based on objective evaluation of medical fitness and 
not on age alone. In a series of 128 patients undergoing liver 
resection for metastatic colorectal cancer, only 7% required 
intensive-care unit (ICU) admission at any time during the 

hospitalization, and the median hospital stay was only 13 
days [5]. Liver resection in the elderly can, therefore, be per-
formed with low mortality and morbidity and with expendi-
ture of health-care resources similar to that for resections 
performed in a younger age group. In fact, the long-term sur-
vival of elderly patients undergoing liver resection for malig-
nancy mirrors that of younger patients (Fig. 76.1).

Pathophysiologic Basis of Liver 
Complications in the Elderly

The liver undergoes physiologic changes during aging, such 
as a decrease in size and blood flow [1, 2, 28]. There is an 
observed increase in mean cellular and mitochondrial volume 
and a decrease in cell number. There is also a decrease in 
mitochondrial DNA [29]. Under normal conditions, these 
changes do not seem to be clinically significant, as hepatocyte 
functions such as detoxification, demethylation, conjugation, 
and hepatic extraction remain normal. However, during peri-
ods that require increased hepatocyte function, the liver of an 
older patient may not be able to respond by increasing syn-
thetic or metabolic function, and hence, hepatic insufficiency 
may result [1, 3, 30]. One clinically important scenario requir-
ing increased hepatocyte function is the immediate postresec-
tion period, when a reduced hepatocyte mass must perform 
the physiologic tasks of the preoperative liver until such time 
as regeneration may restore the liver to preoperative capaci-
ties. The reduced hepatocyte protein synthesis in the elderly 
may be a factor contributing to postoperative hepatic insuffi-
ciency [31, 32]. This may help explain the higher incidence 
of liver failure, particularly in cirrhotic elderly patients after 
liver resection [16, 20]. Elderly patients with cirrhosis should 
therefore be considered discriminantly for surgical resection.

Postoperative liver insufficiency may also be explained by 
a reduced “regenerative” capacity in the aged. The basis for 
major liver resection is the potential for the liver to undergo 
compensatory hypertrophy and hyperplasia, or “regenera-
tion,” as it is more often termed. Resection of up to 80% of 
the hepatic mass is followed by liver regeneration, such that 
within a 3-week period, a liver of approximately the same 
size as the preresection liver can be expected, with normal-
ization of liver functions usually within 6 weeks. This regen-
eration, however, may be altered by the processes of aging. 
Numerous animal studies have demonstrated retarded liver 
regeneration in aged animals, as measured by mitotic index, 
tritiated thymidine uptake, and restoration of liver mass [33, 
34]. Such alterations in liver regeneration and function in 
aged animals are particularly dependent on the nutritional 
status of the animal [32], making nutritional support particu-
larly important in this age group. One possible mechanism of 
such retardation of regeneration is a reduction of thymidine 

Figure 76.1  Survival after liver resection for colorectal metastases for 
patients age 70 years or older (n = 128) compared with that of patients 
younger than age 70 (n = 449; p = NS) (from Fong et al. [5] with permis-
sion from Lippincott Wilkins & Williams).
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kinase expression in aged animals [34]. In addition, levels of 
DNA polymerase-a, a key enzyme for DNA synthesis, are 
diminished in aged animals [35]. These and other enzymes 
are necessary for maintenance of DNA synthesis in animals. 
There is also decreased fidelity of DNA synthesis by DNA 
polymerase-a [36], which may very well be related to the 
alterations in histone function that have long been recognized 
[37, 38]. Whether such cellular changes are seen in human 
regenerating livers is not known, as studies evaluating cellu-
lar alterations during liver regeneration in the elderly patient 
are sparse. For the noncirrhotic patient, the alterations in liver 
regeneration seen in animals cannot be clinically relevant in 
humans, as most reports suggest that there is little difference 
in the hepatic regeneration rate measured by size when the 
old patient is compared to young individuals. In patients with 
cirrhosis, it is this parenchymal abnormality that has the 
greatest influence over the regenerative capacity.

Treatment of Liver Tumors

In the following section, we discuss the most commonly 
encountered liver tumors in the elderly patient, beginning 
with benign tumors. The latter usually do not require therapy 
but are discussed because patients of advancing age are more 
likely to be subjected to the wide variety of imaging modali-
ties now available. Benign liver tumors are often discovered 
incidentally and lead to emotional distress and diagnostic 
confusion. Our discussion then concentrates on the two 
malignant tumors most commonly encountered: metastatic 
colorectal cancer and hepatocellular carcinoma.

Benign Liver Tumors

Most benign liver tumors are asymptomatic and are discov-
ered incidentally at the time of laparotomy or detected on an 
imaging examination done for other indications. When a 
patient presents with an incidentally discovered liver mass, a 
workup should begin as always with a thorough history and 
physical examination. A history of previous cancers is elicited, 
as are any symptoms suggestive of gastrointestinal malig-
nancy. Patients should be questioned for a history of hepatitis, 
alcohol abuse, and familial history of liver disease. Most 
patients are asymptomatic. It is a highly unusual situation 
when a patient presents with definable symptoms from a 
benign tumor, which are usually related to encroachment on 
adjacent structures or the stretching of Glisson’s capsule by a 
large tumor. On physical examination, signs of portal hyper-
tension such as caput medusae and ascites are sought, and a 
stool guaiac test is done for occult blood. Serum transaminase 
levels are sometimes elevated as a consequence of tissue 

necrosis in hepatic cell adenomas. Alkaline phosphatase levels 
may be elevated because of impingement of tumor on the bil-
iary tree. Most liver function tests, however, are normal in 
patients with benign tumors. Hepatitis screen – hepatitis B sur-
face antigen (HBsAg) and hepatitis C antibody – is assayed 
along with a-fetoprotein (AFP) and carcinoembryonic antigen 
(CEA). The most common imaging test employed is computed 
tomography (CT) scanning because it is the most commonly 
available and most uniform in quality. Ultrasonography is per-
formed if cystic lesions are suspected, but for most other 
lesions, it is not specific enough for a confident diagnosis [39]. 
Magnetic resonance imaging (MRI) is currently the most 
accurate noninvasive diagnostic tool used for differentiating 
various benign lesions including adenomas, fibronodular 
hyperplasia (FNH), and hemangiomas, and with the recent 
addition of MR cholangiography, MR techniques have proven 
to be even more powerful for evaluating liver tumors [40]. 
Occasionally, angiography is still called on to diagnose a 
hemangioma, adenoma, or FNH more confidently.

Bile Duct Adenomas

Bile duct adenomas are sometimes referred to as bile duct 
hamartomas and are presumed to be developmental defects. 
They are usually small lesions that rarely exceed 1 cm in diam-
eter. Often discovered at the time of laparotomy and confused 
with metastatic cancers, they are grayish white and firm to pal-
pation. Microscopically, they are composed of fibrous stroma 
surrounding bile ducts. It is estimated that approximately one 
third of the population has these lesions [41]. Bile duct hama-
rtomas are universally asymptomatic and require no therapy.

Hepatocellular Adenomas

Hepatocellular adenomas are soft and fleshy with a yellowish-
tan color. They are sometimes quite vascular and can grow to 
an enormous size. These rare tumors have been associated with 
the use of oral contraceptives. Liver enzyme abnormalities are 
nonspecific, and tumor markers are usually negative. On CT 
scan, the adenoma is typically a low-density solid mass. Even 
with imaging by MR and angiogram, and occasionally even 
after biopsy, these lesions are still not distinguishable from a 
well-differentiated hepatocellular cancer.

Management of the asymptomatic patient presents an 
interesting and slightly controversial conundrum. There are 
growing concerns about leaving adenomas in situ, with recent 
reports suggesting that adenomas are premalignant lesions 
[42]. Adenomas may also rupture, and the resultant hemor-
rhage is associated with high mortality [42]. In young indi-
viduals, we almost always resect adenomas for fear of rupture 
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and malignant transformation. Oral contraceptives should 
also be discontinued. In the elderly individual, enthusiasm for 
resection must be moderated by the medical risks of surgery. 
Certainly, if the tumor was symptomatic, the decision would 
be easier. Asymptomatic tumors in a patient with significant 
associated medical illnesses may warrant observation.

Hemangiomas

Hemangioma is the most common benign tumor of the liver. 
Cavernous hemangiomas in most autopsy series have a 
reported incidence of approximately 7% [43]. The age range 
associated with hemangiomas is usually 55 years or above in 
most clinical series, although it is probably due to the higher 
chance for abdominal imaging in patients with advanced age.

Hemangiomas usually present as a solitary lesion but are 
multiple in about 10% of cases. They usually measure less 
than 2  cm in diameter but occasionally grow to enormous 

size and in some cases even replace an entire lobe of the 
liver. Most of the lesions remain asymptomatic, and heman-
giomas <4 cm in diameter rarely become clinically relevant. 
Sixty percent of patients with large tumors present with 
abdominal pain or discomfort, digestive problems, and the 
sensation of an abdominal mass or distension [44]. Rarely, 
platelet trapping in the large tumors results in thrombocy-
topenia, which may manifest as ecchymoses and purpura.

Liver function is almost always normal, and tumor mark-
ers are consistently negative. On CT scans, hemangiomas 
present as low-density areas within the liver parenchyma 
which upon intravenous injection of contrast show early 
peripheral opacification followed by variable degrees of 
enhancement of the central portion. Even though ultrasonog-
raphy and CT scanning are usually the first imaging tests 
used in the investigation of hemangiomas, MRI scans 
have been shown to improve specificity. A combination of 
T1-weighted, T2-weighted, and gadolinium-enhancedf 
dynamic scans provide the diagnosis of hemangioma with an 
accuracy of more than 95% (Fig.  76.2) [40]. MRI has 

Figure 76.2  Gadolinium-
enhanced magnetic resonance 
imaging (MRI) scans of a 
hemangioma. The peripheral 
nodular enhancement pattern seen 
is diagnostic of a hemangioma.
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replaced the tagged red blood cell (RBC) scan as the 
modality of choice for evaluating patients with suspected 
hemangiomas. MRI can provide information for diagnosis of 
other liver lesions and provide anatomic details not possible 
on tagged-RBC scans. Percutaneous needle biopsy should be 
avoided, as it is associated with severe, sometimes fatal, 
hemorrhage.

In the elderly, asymptomatic hemangiomas require no 
treatment. Indications for treatment include pain, discom-
fort, early satiety, rapid increase in size, thrombocytopenia, 
or evidence of bleeding intraperitoneally or intraparenchy-
mally [45, 46]. There are a few documented reports of sig-
nificant reduction in tumor size with the use of external 
beam radiation, but those results are inconsistent [47, 48]. 
Hepatic artery embolization has also been attempted but 
has only occasionally been successful [49]. Symptomatic 
lesions should be resected. Because hemangiomas are usu-
ally surrounded by compressed hepatic parenchyma, 
lesions are often amenable to enucleation, though deep 
lesions are usually best treated with a formal resection 
along anatomic planes.

Malignant Liver Tumors

Hepatic cancers may be subdivided into primary and met-
astatic cancers. Primary hepatic cancers arise within the 
liver and include hepatocellular carcinoma (HCC) and 
cholangiocarcinoma. Metastatic cancers are derived from 
a variety of primary sites, with metastatic colorectal can-
cer being predominant and few other types being appro-
priate for surgical therapy. The challenges of treating 
elderly patients with HCC or metastatic colorectal cancer 
are discussed.

Hepatocellular Carcinoma

Hepatocellular carcinoma is the most common solid organ 
tumor worldwide and comprises approximately 90% of all 
primary liver cancers in the elderly population. Most of these 
tumors are associated with chronic liver disease, such as viral 
hepatitis or alcoholic cirrhosis. HCCs may be unifocal or 
multifocal. Most patients are relatively asymptomatic until 
the tumor reaches an advanced stage when it causes symp-
toms, usually right upper quadrant pain. It is then found as a 
highly vascular, large tumor that is susceptible to rupture and 
intraperitoneal hemorrhage. The most common physical 
finding is hepatomegaly with tenderness. Bile duct obstruc-
tion and invasion with tumor embolus may cause jaundice. 

At an advanced stage, these tumors cause a host of 
other symptoms, including abdominal distension, weight 
loss, fatigue, anorexia, and fever. Occasionally, hepatic 
decompensation, ascites, Budd–Chiari syndrome, variceal 
bleeding, severe jaundice, or encephalopathy is the presenta-
tion of HCC in a previously well-compensated cirrhotic 
patient [50]. Not infrequently, the cause of such decompen-
sation is portal vein invasion and thrombo-occlusion by the 
tumor (Fig. 76.3).

Diagnosis

The triad diagnostic of HCC consists of hepatic mass by 
imaging, positive serologic markers for hepatitis B or C, and 
a strongly positive AFP level [50]. At presentation, patients 
should be evaluated for a history of chronic liver disease or a 
familial history of liver disease. Questions and the examina-
tion should be directed at uncovering signs and symptoms of 
hepatic insufficiency. Blood tests should include liver func-
tion tests, renal functions, hepatitis screen, AFP, and CEA. 
An AFP > 500 ng/dl is diagnostic of HCC.

Figure  76.3  Portal vein invasion and intraportal extension by 
hepatocellular carcinoma (HCC) as demonstrated by intraoperative 
ultrasonography (arrows). HCC has a great propensity for intraluminal 
growth and extension along major blood vessels and bile ducts.
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The goals of diagnostic imaging are to distinguish pri-
mary liver cancer, metastatic cancers, and benign liver 
tumors, to assess the extent of spread of the tumor, and to 
define local resectability. The patient is usually evaluated 
by CT scan before referral. CT scanning is a widely avail-
able test that allows examination of hepatic and tumor 
anatomy, as well as the presence of cirrhosis or fatty infil-
tration in uninvolved segments of the liver [51]. Of note, a 
noncontrast CT is essential for evaluating HCC in addition 
to the contrast-enhanced scans. This is because an HCC 
often is isodense to the liver parenchyma on contrast-
enhanced images and requires noncontrast scans for 
imaging.

If the portal veins and hepatic veins are well visualized, 
a CT scan alone may be sufficient for evaluating the liver 
tumor. Most often, though, an ultrasound examination or 
MRI should be performed because of the propensity for 
HCCs to invade and grow along major vasculature, even 
when they are small tumors. We prefer abdominal ultra-
sonography for this evaluation because of the lower cost 
and the accuracy of this test in experienced hands, 
acknowledging that the results are highly dependent on 
the skill of the ultrasonographer. In general practice, MRI 
is of more uniform quality and should be the test per-
formed. MRI with magnetic resonance angiography 
(MRA) and magnetic resonance cholangiopancreatogra-
phy (MRCP) [52] allows not only characterization of vari-
ous tumors, assessment of the tumor extent, and proximity 
to vascular structures but also proximity to biliary struc-
tures. Hepatic angiography is now rarely used because of 
the quality of current noninvasive imaging studies; it is 
reserved largely for patients requiring embolization as 
treatment of the HCC.

Surgical Treatment

Surgical resection is the only potentially curative treatment 
for patients with HCC. However, because small HCCs are 
usually asymptomatic, most patients do not present until the 
disease is far advanced, and only 30% of patients with sus-
pected HCC are candidates for surgical exploration. In the 
elderly, surgical therapy is further restricted because liver 
transplantation is not an available option. In the general pop-
ulation, liver transplantation is considered for those patients 
with small tumors but with liver reserve considered too risky 
for partial hepatectomy. However, most transplant centers do 
not give liver transplants to patients aged 65 or more, and 
therefore, total hepatectomy and liver transplantation are not 
an option for this age group.

Technical aspects of partial hepatectomy are largely as for 
patients of a younger age group, and the reader is referred to 

textbooks of liver surgery for a general discussion [53]. The 
differences are modifications to suit not only elderly patients 
but also cirrhotic patients who usually comprise the popula-
tion undergoing HCC resection. Bilateral subcostal incisions 
are usually employed with a xiphoid extension although we 
advocate a midline incision with a right transverse extension. 
This high incision and the likelihood of a right pleural 
effusion after liver resection are the main reasons elderly 
patients should be evaluated carefully for pulmonary status. 
Respiratory compromise and pneumonia are frequent 
complications in patients undergoing liver resection, com-
pounded in the elderly patient by the normal loss of pulmo-
nary reserve with advancing age. At exploration, the entire 
liver should be mobilized from its ligamentous attachments 
to evaluate resectability. Exposure is constantly maintained 
with a retractor fixed to the table, enabling excellent expo-
sure and decreasing the chances of needing to enter the chest. 
Intraoperative ultrasonography is performed to determine the 
relation of the tumor to the major vascular structures and to 
identify additional sites of disease in the liver not appreciated 
by conventional preoperative imaging [54]. Inflow and out-
flow vasculature to the section of liver to be removed is usu-
ally controlled. We avoid total vascular exclusion (TVE), in 
general, but are even more adamant about it in the elderly. 
The hemodynamic changes often associated with TVE are 
particularly poorly tolerated in elderly patients who may 
have cardiopulmonary disease. The porta hepatis is con-
trolled to allow application of the Pringle maneuver. A Pringle 
maneuver is performed to decrease bleeding when dividing 
the liver parenchyma [55]. We prefer use of the Pringle 
maneuver intermittently, releasing the Pringle every 5 min to 
allow reperfusion of the liver.

Operative mortality in cirrhotic patients of any age under-
going liver resection in a major center continues to be in the 
10% range [56]. In elderly cirrhotic patients, the mortality 
rate has been reported to be as high as 19–41% [16, 20] and 
as low as 5% [15, 21]. Most of the complications following 
liver resections are usually cardiopulmonary (angina, 
arrhythmia, myocardial infarction, transient ischemic 
attacks, pneumothorax, pulmonary embolism) [2]. Patient 
selection is key to a favorable outcome. Although many 
sophisticated tests have been proposed for preoperative 
evaluation of liver function, none has been demonstrated to 
be better than Child’s criteria. We routinely consider Child’s 
A patients for surgical resection. Patients with Child’s B 
liver functional status are considered for resection only if 
the lesion is peripheral and requires resection of little func-
tional liver. Elderly Child’s C patients are offered only sup-
portive care, as transplantation is generally not an option in 
the elderly, and even ablative therapies are associated with 
prohibitive risk in patients with such little liver functional 
reserve [57].
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Unfortunately, only 30% of patients explored have resect-
able lesions. Among patients who undergo resection, long-
term survival is achieved in up to 76% (Table 76.1), though 
most series of HCC resections report long-term survival in 
one third of patients.

Nonsurgical Treatment

Many ablative therapies have been developed for the treat-
ment of nonresectable HCC. Transarterial embolization or 
chemoembolization has had the most extensive record. It 
involves use of a foam, gelatin particles, thrombin-soaked 
foam, plastic particles, or metallic coils injected into the 
hepatic artery to selectively occlude blood flow to the tumor 
(Fig.  76.4) [58]. Others have also attempted to increase 
antitumor efficacy by soaking the various particles in a  

chemotherapeutic drug [59], though such chemoemboliza-
tions have not been demonstrated objectively to have 
improved efficacy over plain particle embolization. 
Embolization is associated with low morbidity and mortal-
ity and with 2- to 3-year survival rates of up to 30% [60]. 
This compares favorably with resection results; enthusiasm 
to supplant potentially curative resection in otherwise 
healthy patients of advanced age should be tempered. 
Prospective randomized trials to compare these modalities 
with surgical resection are ongoing.

Ablative therapies have recently increased in popularity 
among surgeons as treatment for HCC. The most used 
forms at present for HCC are alcohol injection and radiof-
requency ablation (RFA) [61]. Alcohol injection involves 
chemical killing of tumor by percutaneous or operative 
injection. This method is very safe but suffers from the 
fact that multiple treatments are necessary for effective 
ablation.

Percutaneous ethanol injection ablates tumor by using 
CT- or ultrasound-guided direct injection of ethanol into the 
tumor. This technique is limited by the size and number of 
tumors that can be treated. Few investigators treat tumors 
>4 cm and more than four in number. For small tumors, how-
ever, such ablation can be highly effective [62]. The morbid-
ity associated with such treatment includes pain, fever, and 
infection of the dead tumor. Mortality rates are low. 
Approximately 40% of these lesions are not detectable on 
CT scan at 6–12 months. Although this treatment is effec-
tive, there is a significant recurrence rate associated with the 
technique. Recent efforts have combined this technique with 
transarterial embolization, a combination that appears to be 
complementary in action. These ablative techniques should 
be considered for patients who are medically unfit or ana-
tomically unsuitable for partial hepatectomy. Irradiation and 
systemic chemotherapy are of limited value for treating 
HCCs [63].

RFA kills tumors by generation of heat to ablate the 
malignancy. Reports with thousands of patients have shown 
this to be a safe and effective therapy. This technique has 
great potential for managing high-risk elderly patients with 
concomitant medical problems or cirrhosis (or both) who 
might not tolerate a resection. Several preliminary reports 
suggest that RFA may be as effective as liver resection for 
small tumors, though it has not been formally compared to 
other therapies. When a patient clearly has an unresectable 
tumor, we prefer nonsurgical ablative approaches that do not 
require anesthesia, abdominal incisions, and the associated 
risks. When patients are explored for resection, we usually 
have the RFA instrument prepared in case more tumor than 
is resectable is encountered, since in such cases, the risks of 
general anesthesia and laparotomy have already been 
incurred [64].

Figure  76.4  Embolization as ablative treatment for hepatocellular 
carcinoma. A large solitary right lobe HCC in a 91-year-old woman is 
seen on CT before (a) and 3 months after (b) embolization.
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Metastatic Colorectal Cancer

There are an estimated 150,000 new cases of colorectal can-
cer diagnosed annually [10]. Of these patients, 25% are over 
the age of 70, and 6% are over 80 years old. It is believed that 
40–45% experience recurrence within 5 years. About 
75–80% of these patients have the liver as one of the involved 
sites of recurrence and 15–20% have the liver as the first or 
only site of recurrence [65]. Advances in liver surgery and an 
increasing proportion of elderly patients have encouraged 
hepatic resection in this ever-growing segment of the popula-
tion. Early studies on hepatic resection in the elderly reported 
significant mortality rates, with cirrhosis and concomitant 
medical problems being the most commonly identified 
associated factors [17]. Later studies in predominantly non-
cirrhotic patients, however, reported mortality rates in the 
elderly population similar to those reported in younger 
patients [5]. There is little doubt now whether liver resection 
is a potentially curative option for treating metastatic 
colorectal cancer of the liver and such resections can be 
performed safely in the elderly and with good long-term 
results.

Natural History

Several studies have analyzed in a retrospective fashion 
patients who were not treated for metastatic colon cancer to 
the liver [66]. In most of these series, even when patients had 
liver metastases that were solitary and clearly resectable by 
radiologic criteria, fewer than 40% of untreated patients were 
alive at 3 years, and nearly all of the patients were dead at 5 
years. Chemotherapy, whether based on 5-fluorouracil [67, 
68] or irinotecan (CPT-11) [69, 70], improves survival but is 
not curative. The demonstration that resection can provide 
10-year disease-free survivors for this disease [71] has led to 
acceptance of surgical resection as the treatment of choice 
for liver metastases.

Preoperative Evaluation

Preoperative evaluation of the elderly patient with colorec-
tal metastases to the liver should address several concerns. 
As with any major operation, a comprehensive initial exam-
ination is paramount. Particular attention should be directed 
to the cardiopulmonary status of the patient, as nearly 50% 
of all postoperative deaths that occur in the elderly are 
related to cardiovascular or pulmonary disease. There have 
been several predictive risk indices and functional assessments 
reported that can identify with fairly accurate certainty  

the elderly patients at increased risk for cardiopulmonary 
complications [72]. As stated above, the elderly patient 
undergoing liver resection is at particularly high risk for 
pulmonary complications because of decreased pulmonary 
reserve with aging, a high abdominal incision and increased 
discomfort with the respiratory effort, and postoperative 
pleural effusion. In series that have examined liver resection 
for metastatic colorectal cancer, the risk of pneumonia is 
2–8% [73, 74].

Generally, patients undergoing evaluation for resection 
of hepatic colorectal metastases do not have associated 
cirrhosis. In the noncirrhotic patient, there is enormous liver 
reserve, and resections of up to 80% of liver parenchyma 
can be performed with confidence of full recovery. In 
patients with associated liver parenchymal disease such as 
from alcohol abuse or viral hepatitis, thorough evaluation 
with a physical examination, liver function tests, coagula-
tion studies, and nutritional assessment for degree of base-
line hepatic insufficiency may identify patients intolerant of 
a liver resection. No test of greater sophistication than these 
have proved to be clinically useful for distinguishing 
patients at high risk for liver failure. Tests such as bromo-
sulfophthalein retention, indocyanine green retention, and 
hepatic wedge pressure [76] have advocates but are not 
accepted universally.

Selection of patients is also based on clinical details of 
the colorectal cancer. Risk factors for recurrence after liver 
resection include regional lymph node involvement by the 
primary tumor [65, 76, 77], symptomatic liver tumors [65, 
66], synchronous presentation of liver metastases with the 
primary tumor [12, 76, 78], large numbers of tumors [12, 
76], the presence of satellite nodules [12, 78], high preop-
erative CEA level [78], and the extent of liver involvement 
of more than 50% [77, 79]. Whereas none of these criteria 
alone is a complete contraindication for resection, increas-
ing numbers of these criteria, particularly in a patient with 
medical problems, should lead one to be circumspect when 
recommending resection. The two criteria considered by 
most liver surgeons to be absolute contraindications to 
resection are the presence of extrahepatic disease and the 
presence of the technical inability to clear all of liver tumor. 
The preoperative evaluation must therefore include ade-
quately imaging areas with the highest likelihood of disease 
spread and adequate imaging for the distribution of tumors 
within the liver. The radiologic techniques available are the 
same used for evaluating primary liver cancer. Before sur-
gery, the extent of disease workup should include chest 
radiography, abdominal and pelvic CT scans, and colonos-
copy. CT portography is also highly recommended as the 
most sensitive test for imaging metastatic tumors within the 
liver. MRI or sonography is used occasionally if proximity 
to the vena cava or hepatic veins is a major concern. Routine 
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use of angiography has declined with the increasing use of 
MRI technology.

Surgical Treatment

The technical concerns are as for resection of HCCs, except 
liver failure is less of a concern in this predominantly non-
cirrhotic population, and up to 80% of the liver can be 
resected with confidence for recovery. Following entry of 
the abdomen with bilateral subcostal incisions with xiphoid 
extension, a complete abdominal exploration is performed. 
If extrahepatic disease is identified, resection is not justi-
fied by the data. Intraoperative ultrasonography is 
performed to identify lesions missed on preoperative scans 
and to confirm the relations of known lesions to vascular 
structures. Resection is then performed using standard 
inflow and outflow vascular control and low central venous 
pressure as previously described [80]. In a series of 
128 consecutive resections in patients aged over 70 with 
metastatic colorectal cancer, the operative mortality was 
4% [5]. This was no different from a cohort of patients less 
than 70 years of age operated on during the same time 
period. Of particular note, long-term survival was also no 
different between the two groups (Fig. 76.5). In fact, among 
six series of patients analyzing long-term outcome after 
liver resection for metastatic colorectal cancer [13, 71, 73, 
77, 78, 81], only one demonstrated a more adverse out-
come for elderly patients [13]. Thus, resection of meta-
static colorectal cancer in the elderly is safe and can result 
in long-term survival.

For metastatic colorectal cancer, large resections can be 
undertaken with safety and potential eradication of the tumor. 

Thus, unlike the situation with HCCs, where enthusiasm for 
resection is tempered by the risks of such resections, ablative 
techniques do not have established roles in metastatic col-
orectal cancer. Cryoablation has been performed with safety 
but has not been shown to have an advantage. We reserve 
cryoablation for the rare patient with widely scattered dis-
ease isolated to the liver that is not resectable or for the 
patient with an unresectable recurrence. In otherwise fit 
patients regardless of age, we routinely resect up to ten 
tumors even if they are bilateral. Medically fit patients who 
can have complete extirpation of disease are offered 
potentially curative resections.

Minimally invasive liver therapies have advanced greatly 
in the last decade with the improvements in the field of lap-
aroscopic surgery. Initially, laparoscopic liver resections 
were described for small, benign peripheral lesions, but as 
the field has evolved, experienced teams are performing ana-
tomic resections for cancer [82]. Buell’s group at the 
University of Louisville conducted a retrospective review at 
their liver center with data supporting that laparoscopic 
hepatic resection is a viable alternative to open resection 
with superior results compared to radiofrequency ablation 
for the treatment of cancer [83]. However, as exposure is 
limited compared with an open surgical approach, certain 
groups advocate careful selection of patients based on vari-
ous factors, such as tumor location [84, 85]. Our record is 
that we find approximately 5–10% of patients to be candi-
dates for laparoscopic resection.

Conclusions

The aging process generally does not lead to clinically evi-
dent compromised liver function under normal conditions, 
and age alone is not a contraindication for most surgical 
procedures. For liver resections, clinicians have long 
feared that the physiologic decrease in liver function with 
age and a decrease in regenerative capacity would compro-
mise recovery. In clinical practice, these fears have not 
been substantiated except in the cirrhotic patient. Liver 
resection remains the only potentially curative therapy for 
liver tumors of any type. In our advancing technological 
age, minimally invasive liver therapies are becoming safer 
and more widespread as an alternative at some centers. In 
the noncirrhotic patient, associated medical conditions, 
measured physiologic function, and clinical case history 
should be the criteria for patient selection for surgery, not 
simply chronologic age. A much more cautious approach  
is recommended in the cirrhotic patient, and ablative  
therapies are often chosen for physically resectable liver 
tumors.

Figure 76.5  Survival of patients of age 70 or more undergoing liver 
resection for metastatic colorectal cancer compared to those less than 
70 years of age (from Fong et al. [5] with permission from Lippincott 
Wilkins & Williams).
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consultation. A recent ECHO and a prior Persantine 
stress test were reviewed. He was deemed an intermedi-
ate-to-high-risk patient given his advanced age, well-
controlled arrhythmia, and insulin-dependent diabetes 
for the upcoming liver resection, approximated to take 
2 h. No further cardiac testing was thought to decrease 
his risk. No anticoagulation bridging was recommended. 
The proposed plan was to monitor postoperative teleme-
try, to start low-molecular-weight heparin with warfarin 
as soon as possible postoperatively, and to continue 
digoxin for rate control up until the morning of surgery. 
Perioperative beta blockade was recommended. He was 
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trolled with a fentanyl PCA pump. He was noted by hos-
pital staff to be confused at times but easily oriented. 
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facility or with home PT and concurrent 24-h care. He 
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bowel function. PCA was discontinued, and he was con-
verted to oral pain medications. Reassessment by PT rec-
ommended home PT with home-care services. The Foley 
catheter was discontinued on POD#6. The patient was 
evaluated by the hospital dietitian for a low-nutrition risk 
assessment, and recommendations were made for a dis-
charge diet. On POD#8, he was discharged with VNS for 
RN and PT services. His daughter was present and was 
also given discharge medications and instructions.
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Final pathology was consistent with hepatocellular 
carcinoma confined to the liver.



1018 A.K.W. Chiu and Y. Fong

	 8.	Turrentine FE, Wang H, Simpson VB, Jones RS (2006) Surgical 
risk factors, morbidity, and mortality in elderly patients. J Am Coll 
Surg 203(6):865–877

	 9.	Finlayson E, Fan Z, Birkmeyer JD (2007) Outcomes in octogenar-
ians undergoing high-risk cancer operation: a national study. J Am 
Coll Surg 205(6):729–734

	10.	Parker SL, Tong T, Bolden S, Wingo PA (1996) Cancer statistics, 
1996. CA Cancer J Clin 46(1):5–27

	11.	Fortner JG, Silva JS, Cox EB, Golbey RB, Gallowitz H, Maclean 
BJ (1984) Multivariate-analysis of a personal series of 247 
patients with liver metastases from colorectal-cancer. 2. 
Treatment by intrahepatic chemotherapy. Ann Surg 199(3): 
317–324

	12.	Rosen CB, Nagorney DM, Taswell HF, Helgeson SL, Ilstrup DM, 
Van Heerden JA et al (1992) Perioperative blood transfusion and 
determinants of survival after liver resection for metastatic colorec-
tal carcinoma. Ann Surg 216:492–505

	13.	Gayowski TJ, Iwatsuki S, Madariaga JR, Selby R, Todo S, Irish W 
et al (1994) Experience in hepatic resection for metastatic colorec-
tal cancer: analysis of clinical and pathologic risk factors. Surgery 
116:703–711

	14.	de Liguori CN, van Leeuwen BL, Ghaneh P, Wu A, Audisio RA, 
Poston GJ (2008) Liver resection for colorectal liver metastases in 
older patients. Crit Rev Oncol Hematol 67(3):273–278

	15.	Ezaki T, Yukaya H, Ogawa Y (1987) Evaluation of hepatic resec-
tion for hepatocellular carcinoma in the elderly. Br J Surg 74: 
471–473

	16.	Yanaga K, Kanematsu T, Takenaka K, Matsumata T, Yoshida Y, 
Sugimachi K (1988) Hepatic resection for hepatocellular carcinoma 
in elderly patients. Am J Surg 155:238–241

	17.	Fortner JG, Lincer RM (1990) Hepatic resection in the elderly. Ann 
Surg 211:141–145

	18.	Fong Y, Blumgart LH, Cohen A, Fortner J, Brennan MF (1994) 
Repeat hepatic resections for metastatic colorectal cancer. Ann Surg 
220(5):657–662

	19.	Virani S, Michaelson JS, Hutter MM, Lancaster RT, Warshaw AL, 
Henderson WG et  al (2007) Morbidity and mortality after liver 
resection: results of the patient safety in surgery study. J Am Coll 
Surg 204(6):1284–1292

	20.	Nagasue N, Chang YC, Takemoto Y, Taniura H, Kohno H, 
Nakamura T (1993) Liver resection in the aged (seventy years or 
older) with hepatocellular carcinoma. Surgery 113:148–154

	21.	Takenaka K, Shimada M, Higashi H, Adachi E, Nishizaki T, 
Yanaga K et al (1994) Liver resection for hepatocellular carcinoma 
in the elderly. Arch Surg 131:71–76

	22.	Schwartz SI (1981) Biliary tract surgery and cirrhosis: a critical 
combination. Surgery 90:577–583

	23.	Mentha G, Huber O, Robert J, Klopfenstein C, Egeli R, Rohner A 
(1992) Elective hepatic resection in the elderly. Br J Surg 79: 
557–559

	24.	Karl RC, Smith SK, Fabri PJ (1995) Validity of major cancer opera-
tions in elderly patients. Ann Surg Oncol 2:107–113

	25.	Fong Y, Brennan MF, Cohen AM, Heffernan N, Freiman A, 
Blumgart LH (1997) Liver resection in the elderly. Br J Surg 
84(10):1386–1390

	26.	Aldrighetti L, Arru M, Catena M, Finazzi R, Ferla G (2006) Liver 
resections in over-75-year-old patients: surgical hazard or current 
practice? J Surg Oncol 93(3):186–193

	27.	Mann CD, Neal CP, Pattenden CJ, Metcalfe MS, Garcea G, 
Dennison AR et  al (2008) Major resection of hepatic colorectal 
liver metastases in elderly patients – an aggressive approach is justi-
fied. Eur J Surg Oncol 34(4):428–432

	28.	Wynne HA, Cope LH, Mutch E, Rawlins MD, Woodhouse KW, 
James OFW (1989) The effect of age upon liver volume and appar-
ent blood flow in healthy man. Hepatology 9:297–301

	29.	Asano K, Nakamura M, Asano A, Sato T, Tauchi H (1992) 
Quantitation of changes in mitochondrial DNA during aging and 
regeneration of rat liver using non-radioactive DNA probes. Mech 
Ageing Dev 62:85–98

	30.	Mooney H, Roberts R, Cooksley WGE, Halliday JW, Powell LW 
(1985) Alterations in the liver with ageing. Clin Gastroenterol 
14:757–771

	31.	Yamamoto K, Takenaka K, Matsumata T, Shimada M, Itsaka H, 
Shirabe K et al (1997) Right hepatic lobectomy in elderly patients 
with hepatocellular carcinoma. Hepatogastroenterology 44:514–518

	32.	Carrillo MC, Carnovale CE, Favre C, Monti JA, Scapini C (1996) 
Hepatic protein synthesis and serum aminoacid levels during liver 
regeneration in young and old malnourished rats. Mech Ageing Dev 
91:55–64

	33.	Schapiro H, Hotta SS, Outten WE, Klein AW (1982) The effect of 
aging on rat liver regeneration. Experientia 38:1075–1076

	34.	Beyer HS, Sherman R, Zieve L (1991) Aging is associated with 
reduced liver regeneration and diminished thymidine kinase 
mRNA content and enzyme activity in the rat. J Lab Clin Med 
117:101–108

	35.	Fry M, Silber J, Loeb LA, Martin GM (1984) Delayed and reduced 
cell replication and diminishing levels of DNA polymerase-alpha in 
regenerating liver of aging mice. J Cell Physiol 118:225–232

	36.	Taguchi T, Ohashi M (1996) Age-associated changes in the tem-
plate-reading fidelity of DNA polymerase alpha from regenerating 
rat liver. Mech Ageing Dev 92:143–157

	37.	Piantanelli L, Ermini M, Ricciotti R (1974) Histone phosphoryla-
tion after partial hepatectomy in young and old rats. Experientia 
30(2):210–211

	38.	Oh YH, Conard RA (1972) Effect of aging on histone acetylation of 
the normal and regenerating rat liver. Life Sci 11(2):1207–1214

	39.	Ferrucci JT (1991) Liver tumor imaging. Cancer 67:1189–1195
	40.	Larson RE, Semelka RC (1995) Magnetic resonance imaging of the 

liver. Top Magn Reson Imaging 7(2):71–81
	41.	Nichols FC, Van Heerden JA, Weiland LA (1989) Benign liver 

tumors. Surg Clin North Am 69:290–313
	42.	Leese T, Farges O, Bismuth H (1988) Liver cell adenomas: a 12 

year surgical experience from a specialist hepatobiliary unit. Ann 
Surg 208:558–564

	43.	Schwartz SI, Husser WC (1987) Cavernous hemangioma of the 
liver. Ann Surg 205:456

	44.	Kuo PC, Lewis WD, Jenkins RL (1994) Treatment of giant heman-
giomas of the liver by enucleation. J Am Coll Surg 178:49

	45.	Trastek VF, Van Heerden JA, Sheedy PFI, Adson MA (1983) 
Cavernous hemangiomas of the liver: resect or observe? Am J Surg 
145:49

	46.	Yamagata M, Kanematsu T, Matsumata T, Utsunomiya T, Ikeda Y, 
Sugimachi K (1991) Management of hemangioma of the liver: 
comparison between surgery and observation. Br J Surg 78:1223

	47.	Gaspar L, Mascarenhas F, de Costa MS, Dias JS, Afonso JG, 
Silvestre ME (1993) Radiation therapy in the unresectable cavern-
ous hemangioma of the liver. Radiother Oncol 29:45–50

	48.	Biswal BM, Sandhu M, Lal P, Bal CS (1995) Role of radiotherapy 
in cavernous hemangioma of liver. Indian J Gastroenterol 14: 
95–98

	49.	Yamamoto T, Kawarda Y, Yano T, Noguichi T, Mizumoto R (1991) 
Spontaneous rupture of hemangioma of the liver: treatment with 
transcatheter hepatic arterial embolization. Am J Gastroenterol 
86:1645–1649

	50.	RJSr McKenna, Murphy GP (1994) Cancer surgery. J.B. Lipincott, 
Philadelphia

	51.	Farmer DG, Rosove MH, Shaked A, Busuttil RW (1994) Treatment 
of hepatocellular carcinoma. Ann Surg 219:236–247

	52.	Takayasu K, Moriyama N, Muramatsu Y, Makuuchi M, Hasegawa H, 
Okazaki N et al (1990) The diagnosis of small carcinomas: efficacy 



101976  Benign and Malignant Tumors of the Liver

of various imaging procedures in 100 patients. Am J Radiol 
155:49–54

	53.	Blumgart LH (1988) Liver resection-liver and biliary tumours. In: 
Blumgart LH (ed) Surgery of the liver and biliary tract, 1st edn. 
Churchill Livingstone, New York, pp 1251–1280

	54.	Parker GA, Lawrence W Jr, Horsley JS III, Neifeld JP, Cook D, 
Walsh J et al (1989) Intraoperative ultrasound of the liver affects 
operative decision making. Ann Surg 209:569–577

	55.	Iwatsuki S, Starzl TE (1988) Personal experience with 411 hepatic 
resections. Ann Surg 4:421–434

	56.	Fong Y, Blumgart LH (1996) Surgical therapy of liver cancer. In: 
Zakim D, Boyer TD (eds) Hepatology, 3rd edn. W.B.Saunders, 
Philadelphia, pp 1548–1564

	57.	Iwatsuki S, Gordon RD, BWJr S, Starzl TE (1985) Role of liver 
transplantation in cancer therapy. Ann Surg 202:401–407

	58.	Bismuth H, Morino M, Sherlock D, Castaing D, Miglietta C, 
Cauquil P et al (1992) Primary treatment of hepatocellular carcinoma 
by arterial chemoembolization. Am J Surg 163:387–394

	59.	Raoul JL, Heresbach D, Bretagne JF, Bentue Ferrer D, 
Duvauferrier R, Bourguet P et  al (1992) Chemoembolization of 
hepatocellular carcinomas. Cancer 70:585–589

	60.	Brown K, Nevins AB, Getradjman G, Brody LA, Kurtz RC, Fong Y 
et  al (1998) Particle embolization of hepatocellular carcinoma. 
J Vasc Interv Radiol 9(5):822–828

	61.	Livraghi T, Solbiati L, Meloni MF, Gazelle GS, Halpern EF, 
Goldberg SN (2003) Treatment of focal liver tumors with 
percutaneous radio-frequency ablation: complications encountered 
in a multicenter study. Radiology 226(2):441–451

	62.	Livraghi T, Bolondi L, Lazzaroni S, Marin G, Morabito A, 
Rapaccini GL et  al (1992) Percutaneous ethanol injection in the 
treatment of hepatocellular carcinoma in cirrhosis. A study on 207 
patients. Cancer 69:925–929

	63.	Sitzman JV, Abrams R (1993) Improved survival for hepatocellular 
cancer with combination surgery and multimodal treatment. Ann 
Surg 217:149–154

	64.	Liang HH, Chen MS, Peng ZW, Zhang YJ, Zhang YQ, Li JQ et al 
(2008) Percutaneous radiofrequency ablation versus repeat hepate-
ctomy for recurrent hepatocellular carcinoma: a retrospective study. 
Ann Surg Oncol 15(12):3484–3493

	65.	Hughes KS, Simon R, Songhorabodi S, Adson MA, Ilstrup DM, 
Fortner JG et al (1986) Resection of the liver for colorectal carci-
noma metastases: a multi-institutional study of patterns of recur-
rence. Surgery 100:278–284

	66.	Wood CB, Gillis CR, Blumgart LH (1976) A retrospective study of 
the natural history of patients with liver metastases from colorectal 
cancer. Clin Oncol 2:285–288

	67.	Doroshow JH, Multhauf P, Leong L, Margolin K, Litchfield T, 
Akman S et al (1990) Prospective randomized comparison of fluo-
rouracil versus fluorouracil and high-dose continuous infusion leu-
covorin calcium for the treatment of advanced measurable colorectal 
cancer in patients previously unexposed to chemotherapy. J Clin 
Oncol 8:491–501

	68.	Colucci G, Maiello E, Giuliani F, Serraveza G, Pezzella G, Leo S 
et  al (1994) Biochemical modulation of 5-fluorouracil (FU) and 
liver metastases of colorectal cancer patients. Ann Oncol 5(8):53

	69.	Kunimoto T, Nitta K, Tanaka T, Uehara N, Baba H, Takeuchi M et al 
(1987) Antitumor activity of 7-ethyl-10-[4-(1-piperidino)-1-piperidino]
carbonyloxy-camptothecin, a novel water-soluble derivative of camp-
tothecin, against murine tumors. Cancer Res 47:5944–5947

	70.	Tsuruo T, Matsuzaki T, Matsushita M, Saito H, Yokokura T (1988) 
Antitumor effect of CPT-11, a new derivative of camptothecin, 
against pleiotropic drug-resistant tumors in vitro and in vivo. Cancer 
Chemother Pharmacol 21:71–74

	71.	Scheele J, Stang R, Altendorf-Hofmann A, Paul M (1995) Resection 
of colorectal liver metastases. World J Surg 19:59–71

	72.	van de Velde CJH, Sugarbaker PH (1984) Liver metastases. 
Martinus Nijhoff, Amsterdam

	73.	Fong Y, Cohen AM, Fortner JG, Enker WE, Turnbull AD, Coit DG 
et al (1997) Liver resection for colorectal metastases. J Clin Oncol 
15(3):938–946

	74.	Schlag P, Hohenberger P, Herfarth Ch (1990) Resection of liver 
metastases in colorectal cancer – competitive analysis of treatment 
results in synchronous versus metachronous metastases. Eur J Surg 
Oncol 16:360–365

	75.	Haberkorn U, Bellemann ME, Altmann A, Gerlach L, Morr I, 
Oberdorfer F et al (1997) PET 2-fluoro-2-deoxyglucose uptake in 
rat prostate adenocarcinoma during chemotherapy with gemcit-
abine. J Nucl Med 38(8):1215–1221

	76.	Hughes KS, Simons R, Songhorabodi S, Adson MA et al (1988) 
Resection of the liver for colorectal carcinoma metastases: a 
multi-institutional study of indications for resection. Surgery 
103:278–288

	77.	Doci R, Gennari L, Bignami P, Montalto F, Morabita A, Bozzetti F 
(1991) One hundred patients with hepatic metastases from colorec-
tal cancer treated by resection: analysis of prognostic determinants. 
Br J Surg 78:797–801

	78.	Scheele J, Stangl R, Altendorf-Hofmann A, Gall FP (1991) 
Indicators of prognosis after hepatic resection for colorectal sec-
ondaries. Surgery 110:13–29

	79.	Ekberg H, Tranberg KG, Andersson R, Lundstedt C, Hagerstrand I, 
Ranstam J et al (1987) Pattern of recurrence in liver resection for 
colorectal secondaries. World J Surg 11(4):541–547

	80.	Cunningham JD, Fong Y, Shriver C, Melendez J, Marx WL, 
Blumgart LH (1994) One hundred consecutive hepatic resections. 
Blood loss, transfusion, and operative technique. Arch Surg 
129(10):1050–1056

	81.	Jamison RL, Donohue JH, Nagorney DM, Rosen CB, Harmsen WS, 
Ilstrup DM (1997) Hepatic resection for metastatic colorectal can-
cer results in cure for some patients. Arch Surg 132:505–511

	82.	Nguyen KT, Gamblin TC, Geller DA (2008) Laparoscopic liver 
resection for cancer. Future Oncol 4(5):661–670

	83.	Buell JF, Thomas MT, Rudich S, Marvin M, Nagubandi R, 
Ravindra KV et  al (2008) Experience with more than 500 mini-
mally invasive hepatic procedures. Ann Surg 248(3):475–486

	84.	Laurence JM, Lam VW, Langcake ME, Hollands MJ, Crawford MD, 
Pleass HC (2007) Laparoscopic hepatectomy, a systematic review. 
ANZ J Surg 77(11):948–953

	85.	Santambrogio R, Aldrighetti L, Barabino M, Pulitano C, Costa M, 
Montorsi M et al (2009) Laparoscopic liver resections for hepato-
cellular carcinoma. Is it a feasible option for patients with liver cir-
rhosis? Langenbecks Arch Surg 394(2):255–264

	86.	Zacharias T, Jaeck D, Oussoultzoglou E, Bachellier P, Weber JC 
(2004) First and repeat resection of colorectal liver metastases in 
elderly patients. Ann Surg 240(5):858–865

	87.	Nagano Y, Nojiri K, Matsuo K, Tanaka K, Togo S, Ike H et al (2005) 
The impact of advanced age on hepatic resection of colorectal liver 
metastases. J Am Coll Surg 201(4):511–516

	88.	Brand MI, Saclarides TJ, Dobson HD, Millikan KW (2000) Liver 
resection for colorectal cancer: liver metastases in the aged. Am 
Surg 66(4):412–415

	89.	Figueras J, Ramos E, Lopez-Ben S, Torras J, Albiol M, Llado L 
et al (2007) Surgical treatment of liver metastases from colorectal 
carcinoma in elderly patients. When is it worthwhile? Clin Transl 
Oncol 9(6):392–400

	90.	Riffat F, Chu F, Morris DL (2006) Liver resection in octogenarians. 
HPB (Oxford) 8(3):206–210





Section X
Urogenital System





1023R.A. Rosenthal et al. (eds.), Principles and Practice of Geriatric Surgery, 
DOI 10.1007/978-1-4419-6999-6_77, © Springer Science+Business Media, LLC 2011

Genitourinary Surgeons Are Mostly 
Geriatricians

All surgeons in the United States (and indeed other 
countries) will encounter more elderly patients during future 
years of practice. Thus, texts like this one serve a very 
important need by providing references that are valuable in 
management of such patients. And, for those disciplines 
that deal with the genitourinary system, the need is greater. 
Why? Because the average urologist now encounters about 
50% of all office patients in the over-65 age (Medicare) cat-
egory. And, because of the population growth in the older 
age decades described previously in this text, the urologist 
will see even more and more elderly patients in his or her 
office. For example, prostate cancer is now the eighth most 
common diagnosis amongst Medicare patients, and most of 
these patients receive their ongoing care from urologists [1]. 
Added to these activities is the malady of female urinary 
incontinence which continues to be a major life problem for 
older women, diagnosed and treated by urologists and gyne-
cologists alike. Independent health surveys of these older 
women estimate that 9.2–27.6% has some degree of incon-
tinence [2], and most do not mention this to their physi-
cians. Some men also develop incontinence, often related to 
treatment for that increasing disease condition, prostate 
cancer. Improvement or cure of incontinence results in sig-
nificant increases in quality-of-life scores for elderly 
patients.

Another serious problem for the elderly patient is bladder 
cancer. As America fought its way through World War II, it 
gave millions of cigarettes to our soldiers. And, at the same 
time, millions of women working at factories took “cigarette 
breaks,” under the dubious assumption that a smoke improved 
alertness and productivity. This WWII cigarette culture 

passed the habit along to its “Baby Boomer” children, who 
now reach us in their sixtieth to eightieth decades with fully 
developed smoking-related invasive bladder cancer. It is of 
interest that cancer survival data does not even show any sig-
nificant death rate owing to bladder cancer until after 80 
years of age. But, if we take this over-80 group only, cure 
often requires radical cystectomy and fashioning of some 
type of urinary diversion, perhaps the most serious and chal-
lenging operation performed by urologists [3]. Urologic 
oncologists must, therefore, have a much more precise under-
standing of the challenges of treating these elderly surgical 
patients if they are to have successful outcomes.

Carcinoma of the kidney represents another problem 
encountered more often in the elderly patient, as does ovarian 
carcinoma [4]. In both instances, surgical intervention is 
noted to be less likely than if these diseases occur in a younger 
patient. It is unclear if this decrease in rate of surgery is related 
to degree of invasiveness of the disease at time of discovery or 
simply due to unwillingness to operate on the older patient, a 
prejudice known as agism. Perhaps part of the reluctance to 
remove a kidney from or operate on geriatric patients rests in 
the well-known loss of renal function with aging. At age 85, 
the average patient has lost 40% of overall renal function so 
that removal of one kidney could cause them to approach the 
margin of renal failure. One result of this risk of renal failure 
is the recent trend toward treatment of smaller renal carci-
noma lesions by partial resection only [5].

So where does the genitourinary system fit into the 
overall provision of care system for our older surgical 
patients? According to 2005 Medicare statistics, the most 
active surgical specialty is ophthalmology, having provided 
over 60 million “allowable” Medicare services during that 
year. Orthopedics followed with 38 million and urology 
with 32 million. Gynecology had a much lower number at 
about 17 million [6]. But, as noted, gynecology and urol-
ogy share the large geriatric population with incontinence, 
so their combined provision of services could approach a 
total of 49 million, second only to ophthalmology. Like it 
or not, we are evaluating and managing many geriatric 
patients.
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The point is this: those of us involved in the care of the 
elderly genitourinary patient will be exposed to the multiple 
problems that they bring with them, and we must learn the 
basic geriatric principles necessary to lead to excellent out-
comes when we treat them, either medically or surgically, 
within the milieu of these problems.
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Renal Structure and Function

Renal aging is not a pathological process since the aging 
kidney is able to maintain the homeostasis of the internal 
medium in conditions of health despite the fact that its 
resources and ability to adapt to challenges of restriction or 
overload are limited. It should be understood by the reader 
that we have based the findings in this chapter mostly on the 
relatively few studies carried out in healthy aged persons in 
whom biochemical and clinical findings, including holistic 
geriatric evaluation, have been done before inclusion in the 
study protocol. The majority of published studies have been, 
unfortunately, performed in “apparently healthy” aged indi-
viduals in home care institutions, aged persons attending 
outpatient clinics, or hospitalized individuals whose baseline 
status was not well evaluated.

In this chapter, we describe the structural and functional 
changes that occur in the kidney with aging. We also review 
the senescent kidney’s mechanisms for handling fluid, elec-
trolyte, and acid–base derangements, especially during the 
perioperative period. Clearly, successful management of the 
elderly patient requires a knowledgeable appreciation of the 
changes occurring in the senescent kidney that result in: (1) 
increased tendency for volume depletion and dehydration; 
(2) decreased ability to tolerate a volume load; (3) increased 
propensity for potassium disturbances (hypo- and hyper-
kalemia); (4) diminished production of renin and blunted 
physiologic response to the effects of aldosterone, and antid-
iuretic hormone (ADH); (5) increased tendency to lower the 
levels of phosphate; (6) tendency for the development of 
hypocalcemia and hypomagnesemia. A brief assessment of 
the role of extracellular fluid volume (ECFV) depletion and 
other factors contributing to acute renal failure in the elderly 
is also presented.

Histopathology of the Aging Kidney

Autopsy material, biopsy material from kidney donation, 
and nephrectomy for tumor and trauma from elderly subjects 
have revealed the presence of glomerular sclerosis [1], a con-
dition that leads to a loss of filtration capacity.

The cause of sclerosis of the aged glomerulus is confus-
ings. It is sometimes difficult to distinguish whether the 
changes are due from the aging process itself or from common 
diseases of the elderly, such as hypertension, diabetes, and ath-
erosclerosis. It appears that even in the absence of these dis-
eases such changes occur. Probably the cause of the changes is 
intraglomerular hypertension resulting from afferent arteriole 
vasoconstriction in an attempt to raise the glomerular filtration 
rate (GFR) [2].

Elderly individuals who have hypertension or diabetes 
may have more deterioration of renal function than elderly 
people who do not have these underlying medical problems. 
Glomerular senescence may begin during the fourth decade 
of life and progresses linearly with age, reducing the GFR by 
~1 ml/min for every year over 40 years of age [3]. This pre-
dictable reduction of the GFR is one of the main factors 
responsible for morbidity in the elderly surgical patient.

In addition to glomerular changes, tubular senescence 
occurs with advancing age [4]. Tubular length decreases, 
interstitial fibrosis between tubules occurs, and the proper-
ties and anatomy of the tubular basement membrane change. 
Atherosclerosis of nutrient peritubular capillaries contributes 
in part to these changes. The consequence of tubular senes-
cence is reduced tubular reabsorption and secretion.

Renal Plasma Flow

Healthy Young Individuals

The kidneys only represents 0.5% of the body mass, yet they 
receive about 20% of the cardiac output, approximately 
1,200 ml/min on average at a rate of 4  ml/min/g which is 
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considerably greater than that received by other organs such 
as the brain, heart, or liver. Renal plasma flow (RPF) is the 
amount of blood going to the kidneys minus the hematocrit 
(Hct). Therefore, assuming an Hct of 45%, humans have a 
RPF of approximately 660 ml/min, which leads to a GFR of 
125 ml/min and a filtration fraction (the ratio of GFR to RPF) 
of 0.19. This means that 19% of the plasma entering the kid-
ney every minute is filtered. RPF in young people (below 30 
years old) averages 592 ± 153 ml/min/1.73 m2 in woman and 
654 ± 153 ml/min/1.73 m2 in man [5]. After the age of 30, 
RBF progressively decreases [6].

Aged Healthy Individuals

Diodrast clearance (a measure of RBF) decreases from a mean 
of 613–290 ml/min in the ninth decade of life [7], a fall of 
over 50% [8]. An exhaustive analysis of the available litera-
ture has revealed that the rate of reduction in RPF is approxi-
mately 10% per decade of life. Prospective PAH clearance 
(another measure of RBF) studies confirmed the drop (361 ml/
min/1.73 m2 in the aged vs. 618 in the young) [9]. Filtration 
fraction increases with age [7], indicating that more filtrate in 
milliliter per minute is formed (suggesting that, indeed, the 
increase in glomerular pressure that would result is the cause 
of sclerosis). Radioactive xenon wash-out curves reveal that 
the largest drop in renal blood flow occurs in the cortex, while 
medullary blood flow is relatively well preserved [10].

Glomerular Filtration Rate

Inulin clearance (the gold standard for GFR measurement) 
increases from approximately 20 ml/min at birth to 120 ml/
min by age 30. Thereafter it begins a slow descent reaching a 
mean of 65 ml/min at 90 years of age [7]; however, the lower 
limit of inulin clearance (mean ± 2SD) for a population of 
apparently healthy 80 years old individuals is 40  ml/
min/1.73 m2. Moreover, the difference between the sexes seen 
in the young disappears for those 75 years or older [11]. Inulin 
clearance is inconvenient for routine clinical use because its 
measurement in blood and urine is cumbersome, requires 
3–4 h to perform, and is available in very few institutions. As 
a result, endogenous creatinine clearance has become the most 
widespread technique for GFR estimation in clinical practice.

Renal Handling of Creatinine

Creatinine is derived from the metabolism of creatinine in 
skeletal muscle and from dietary meat intake. It is freely 
filtered across the glomerulus, reabsorbed, and secreted by 
the renal tubule. Studies of the tubular secretion of creatinine 

in humans are controversial, some indicating that secretion is 
negligible, yet others suggesting that 15–30% of the creati-
nine present in the urine derives from tubular secretion. 
Studies of dehydration have shown that humans can reduce 
creatinine clearance by approximately 30% and rehydration 
can raise it back to normal and by as much as 20% above the 
baseline normal values [11]. This dramatic increase upon 
rehydration may represent increase in tubular secretion and 
decrease in tubular reabsorption of creatinine. Thus, low 
extracellular volume resulting from any maneuver in con-
junction with (vide infra) reduced renal capacity to regulate 
sodium reabsorption and the low-thirst sensation of the 
elderly will almost certainly imperil renal function.

In studies comparing creatinine and inulin clearances, the 
ratio of creatinine clearance to inulin clearance reached 1.4 
suggesting that 28% of the total creatinine collected in the 
urine is secreted by the tubules [12]. We have evaluated the 
difference in GFR between young (<65 years) and old (>65 
years) healthy persons of either sex [13] by the clearance of 
creatinine or Cr51-EDTA and found them to be lower in the 
aged than in the young. In addition, the ratio of creatinine 
clearance to Cr51-EDTA is higher in nine out of ten tested 
healthy young individuals, whereas this is the case in only 
one subject, and lower than one in five, out of 13 healthy aged 
individuals, indicating that tubular handling of creatinine dif-
fers among healthy young and aged individuals and its clear-
ance is not always a reliable measure of GFR [13, 14].

GFR in Healthy Aged Persons

GFR ranges between 95 ± 20 ml/min in healthy adult female 
and 120 ± 25 ml/min in young healthy males, but it declines 
with age (around 40 years of age), regardless of the marker 
used to assess it. However, the decline in GFR is neither uni-
versal nor inevitable since longitudinal studies have revealed 
some individuals whose GFR remains constant with age, even 
though the mean GFR of the aging population falls. Importantly, 
nutritional status of the subjects at the time of measuring GFR 
influenced the results, particularly when using creatinine clear-
ances. Elderly subjects eating more than 1 g/day of protein per 
kilogram had a creatinine clearance in the range of 90–100 ml/
min/1.73  m2 while those with a lower protein intake had a 
lower creatinine clearance [15, 16]. In cross-sectional data [7], 
inulin clearance in aging subjects fell from a mean of 122 ml/
min to a mean of 65 ml/min between ages 30 and 90.

The Cockroft–Gault and Other Formulae

The urinary elimination of creatinine diminishes with age 
[13]. Therefore, attempts have been made to estimate GFR 
without the need for urine collection. Cockroft and Gault in 
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deriving their formula to measure GFR used hospital 
patients that included individuals from 18 to 92 years old 
regardless of the level of renal function [15]. Others have 
conducted cross-sectional, except for some data in the study 
of Rowe et al. [17], rather than longitudinal studies. In an 
important extended longitudinal study, some patients were 
followed with repeat measurements for more than 30 years 
[18]. Despite a mean calculated reduction in creatinine 
clearance of 0.75 ml/min/year for the whole group, 92 of 
the 254 subjects showed no reduction in creatinine clear-
ance; a few evidenced increased clearances. Larsson et al. 
[19] also found no decline in GFR in individuals between 
the ages of 70 and 79, although plasma creatinine increased 
from 0.91 to 96 mg/dl in women and from 1.00 to 1.07 mg/
dl in men. Despite this evidence of falling GFR as a func-
tion of age, there are no dramatic or clear cut increases in 
plasma creatinine with age. Thus, the normal value of 
plasma creatinine is statistically the same at the ages of 30 
and 90 years.

Because of the uncertainties in the assessment of GFR 
using creatinine clearance, formulas and nomograms have 
been developed that theoretically allow a better estimation 
of GFR in clinical practice. Using plasma creatinine con-
centration, age, gender, body weight, and height, Cockroft 
and Gault’s [14, 16] formula is the most used, although it 
may overestimate the decline in GFR, at least in persons 
older than 80 years. However, a good correlation in 18 indi-
viduals aged 66–82 years between GFR calculated by the 
Cockroft–Gault formula [(GFR) = ((140 − Age) × Weight 
(kg))/72] and the clearance of [99Tcm] diethylenetriamine 
penta-acetic acid (DTPA) has been found [19]. The simplest 
formula to estimate the expected mean creatinine clearance 
in milliliter per minute from 25 to 100 years of age in per-
sons with normal blood creatinine (£1.3 mg/dl) is: [130 − Age 
(in years)] [20].

Other formulas have been developed to predict GFR based 
on blood creatinine level including those of the modified diet 
in renal disease (MDRD) group [21, 22], but have not been 
formally validated for persons aged over 70 years, diabetic 
nephropathy or pregnancy, and the very ill and healthy indi-
viduals. Formula-calculated GFR may provide a reasonable 
estimate of renal function compared with clearance of mark-
ers such as creatinine and Cr51-EDTA, the variation may be 
considerable [22] (Table 78.1).

Clinical Implications

Despite the controversy surrounding GFR measurement or 
calculation, it is clear that “normal” values of serum creati-
nine do not represent a normal GFR in the vast majority of 
healthy aged persons. An effort must be made to adjust drugs 
regime to estimate GFR in the case of all drugs primarily 
handled by the kidney (vide infra). On the other hand, low 
GFR in the aged does not automatically means renal disease 
since it is influenced by many factors.

Two such factors, reversible and common, are depletion 
of ECFV and poor nutrition (particularly poor protein intake). 
Aged persons with low GFR (compared with younger adults) 
in the absence of clear signs of renal insufficiency should be 
tested for these two reversible findings. Measurement of 
urine sodium will show low concentrations despite patient-
provided history or self-assessment of “normal intake” 
unless the patient is on diuretic therapy. In that case, other 
clinical tests, such as postural hypotension and rapid feeble 
pulse, may be present. Low serum albumin, and a very low 
(<10 mg/dl) blood urea nitrogen, and a BUN to creatinine 
ratio of <10 will be clues to the presence of malnutrition. 
These findings have an important role in the presurgical eval-
uation of the elderly patient and must be taken into consider-
ation for fluid replacement during and after surgery. Isotonic 
(0.9%) saline is the fluid of choice for all patients, since it 
provides the most physiological and metabolically sound 
approach to the problem of ECFV depletion. Even if the 
immediate cause of ECFV depletion is corrected in the 
elderly, it is still wise to adjust drugs regime to the calculated 
GFR until a new post surgical steady state has been 
achieved.

Drug Dose Modification in the Elderly

Drugs that are eliminated from the body by renal excretion 
require dose modifications in the aged. Because the serum 
creatinine does not accurately reflect reduced renal function-
ing in the elderly, the doses of toxic drugs, such as the amin-
oglycosides, require adjustments based on creatinine 
clearance and calculated by the 24-h urine collection or by 
the estimate of creatinine clearance using the urine-free 

Table 78.1  GFR in young and old healthy people measured by CrCl and Cr51-EDTA, and estimated by the MDRD formula

Age 
[mean ± SD 
(years)]

Blood creatinine 
[mean ± SD (mg/dl)]

Urine creatinine 
[mean ± SD (mg/dl)]

GFR CrCl 
[mean ± SD (mg/dl)]

GFR Cr51-EDTA 
[mean ± SD (mg/dl)]

GFR MDRD equation 
[mean ± SD (mg/dl)]

Young (N = 10) 35.8 ± 11.8 0.81 ± 0.08 122 ± 83 127 ± 25 101.6 ± 13.4 114 ± 15.6
Old (N = 13) 74.4 ± 3.7 0.86 ± 0.1 84.4 ± 25.4 91.7 ± 29 81.3 ± 11.3 83 ± 12.8
Source: Modified from [46]
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formula described above. The dose interval (DI) can be cal-
culated from the following:

100
DI Usual interval.

Estimated creatinine clearance
= × 

  

In a 68-year-old woman with a calculated creatinine clear-
ance of 17 ml/min and requiring a course of gentamicin, a 
loading dose would be given at the usual 2  mg/kg. Then 
1 mg/kg would be given every (100/17) × 8 h. Thus, the inter-
val would be every 47 h, a regimen that would lessen the like-
lihood of an elevated trough level, which has been associated 
with aminoglycoside toxicity in several studies [23, 24].

Tubular Functions

Proximal Tubule

Over 60–80% of the filtered sodium and water, bicarbonate 
and other electrolytes, glucose, uric acid, phosphate, amino 
acids, and small molecular weight proteins are reabsorbed in 
this segment.

Healthy Aged

No differences have been detected in proximal tubule func-
tion when young (<60) are compared with elderly healthy 
aged individuals (older than 60) in clearance studies per-
formed in healthy persons [25]. Moreover, the handling of 
lithium, a well-known marker of proximal tubule sodium 
reabsorption and general function [26] does not differ 
between young and old. Nevertheless, although the renal 
reabsorption threshold for most compounds handled by the 
proximal tubule is not different between young and old, the 
maximal tubular reabsorption capacity (Tm) is diminished in 
aged persons, a finding that may be important in the postsur-
gical period in patients receiving glucose solutions.

Glucose

A lower Tm for glucose will lead to persistent glucosuria and 
osmotic diuresis resulting in ECFV depletion. Since, as 
already mentioned, a normal glucose threshold of reabsorp-
tion exists in elderly people normal levels by much, at which 
time the reduced Tm

glucose
 will become apparent and large 

amounts of glucose may appear in the urine. Tm has been 
demonstrated to fall in parallel with the reduction in GFR 
[27]. The apparent Tm

glucose
 averaged 359 mg/min/1.73 m2 in 

the third decade, and only 219 mg/min/1.73 m2 in the ninth. 

It is therefore critical to follow closely for the presence of 
glucosuria and the levels of plasma electrolytes to assess the 
state of homeostasis in the postsurgical elderly patient receiv-
ing glucose solutions [28].

Thick Ascending Limb of Henle’s Loop

This water and urea impermeable segment sustains the 
transport of Na+ from the lumen to the interstitium; thus, 
resulting in dilute urine emerging into the early portion of 
the distal nephron. Since it is also responsible for increasing 
the tonicity of the interstitium, in the presence of ADH, it is 
also responsible for the reabsorption of water from the urine 
as it traverses the collecting duct and determines the excre-
tion of concentrated urine (low volume and high osmolality) 
as fluid ascends in the thick ascending limb, electrolytes 
pass to the interstitium, but water remains in the lumen. In 
essence, the ascending limb and the early part of the distal 
convoluted tubule (DCT) is the site in the nephron where 
solutes are reabsorbed without water in a process leading to 
“free water formation,” and thus have been named the dilut-
ing segment [26].

Healthy Aged

The diluting segment loses some of its capacity to reabsorb 
Na+ leading to a higher delivery of Na+ to the most distal seg-
ments of the nephron, which has been shown to be statisti-
cally higher in the healthy elderly than in the healthy young 
[26]. This reduction in Na+ reabsorb in the thick ascending 
limb of Henle’s loop found in all tested subjects in situations 
of normal salt diet or salt restriction and at any age [29] does 
not seem to be the result of obvious structural changes, but 
results from the normal aging process and, particularly, the 
fall in GFR [29, 30].

Clinical Implications (see Table 78.2)

Loss of sodium reabsorptive capacity in the thick portion of 
Henle’s loop leads to Na+ and water spillage make the aged 
very sensitive to easily becoming dehydrated and desalinated. 
It is common to find elderly patients in everyday practice who 
exhibit copious natriuresis and diuresis leading to Na+ deple-
tion and/or hyponatremia. Particularly vulnerable to these 
Na+ abnormalities are aged subjects on low salt diet plus 
diuretics. Failure of awareness of this effect of aging on renal 
function and failure of timely replenishment of Na+ and water 
deficits may lead to instauration of acute renal failure [31, 
32]. It is clinically incorrect to routinely restrict salt intake in 
the aged unless they suffer from illnesses managed in part by 
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salt restriction such as liver, heart, and renal diseases in which 
edematous syndromes (other than malnutrition) and/or hyper-
tension are manifest. Even under those circumstances, it is 
advisable to periodically monitor plasma electrolytes, partic-
ularly if diuretics are a mainstay of the therapeutic regime. 
Both hypo- and hypernatremia are dangerous situations in the 
elderly and should be avoided at all costs.

Despite the reduction in sodium reabsorptive capacity by 
the loop of Henle with aging, the aged take much longer to 
eliminate sodium overloads than the young, most likely due 
to the diminution of GFR. Because of these differences in 
sodium handling by the elderly kidney, it is important to be 
cautious in describing hypertension in the aged as “salt 
dependent” or “salt sensitive.” The elderly hypertensive 
patient may retain a larger portion of an amount of salt, com-
pared with younger individuals, not because their hyperten-
sion is salt dependent but because of the low GFR that, 
despite the reabsorptive defect in more distal segments of the 
nephron, leads to salt retention.

Collecting Duct

The amount of Na+ reabsorbed in the collecting duct is 
approximately 3% of the sodium filtered (plasma sodium 
concentration multiplied by the GFR). Yet, despite the appar-
ently low sodium capacity of the collecting duct, its normal 
function is of paramount importance for overall sodium bal-
ance to be kept and for ECFV to remain within normal limits 
[32, 33]. Under the influence of aldosterone, the collecting 
duct is also responsible for the final control of urinary Na+ 
excretion. The synthesis of aldosterone by the adrenal cortex 
is controlled by angiotensin II, plasma concentration of Na+ 

and K+, and ACTH. The level or plasma Na+ is the least 
potent stimulus on aldosterone synthesis. In contrast, aldos-
terone-secreting cells in the adrenal cortex are very sensitive 
to the concentration of K+ in the extracellular fluid. The 
increase in potassium intake increases extracellular potas-
sium, which directly stimulates the production of aldoster-
one in the adrenal cortex. The increase in plasma aldosterone 
concentration stimulates sodium reabsorption and K+ secre-
tion in the cortical collecting duct (CCD). This affects final 
control of sodium reabsorption and excretion and helps elim-
inate potassium excesses and prevent hyperkalemia.

The collecting duct is unable to reabsorb greater quanti-
ties of Na+ delivered to it from previous tubular segments, 
such as the ascending limb of the loop of Henle. Thus, 
decreases in sodium reabsorption in prior segments will lead 
to natriuresis and could enhance potassium secretion into the 
tubular urine and cause hypokalemia and volume depletion.

Aldosterone in the Healthy  
Aged (see Table 78.3)

It has been proven that aged persons in unrestricted diets of 
salt and water have lower aldosterone plasma levels (a result 
of lower renin production by the juxtaglomerular apparatus, 
therefore less production of angiotensin II) and respond 
slower (continue to excrete sodium) to salt restriction than 
healthy young persons [31, 34, 35]. Therefore, the elderly 
may be susceptible to having a higher plasma potassium 
level because of inability to secrete the hormone, partial 
insensitivity to it, and lower the rates of sodium–potassium 
exchange.

Clinical Implications

The most common and life threatening clinical consequences 
is the development of hyperkalemia in circumstances where 
the aged are treated with aldosterone blocking agents such as 
spironolacatone, or angiotensin-converting enzyme inhibitors 

Table 78.2  Key parameters of renal function in healthy adults, old, 
and very old individuals

Adult  
(18–64 years) 
(mean ± SD)
N = 22

Old (>65 years) 
(mean ± SD)
N = 30

Very old  
(>80 years) 
(mean ± SD)
N = 22

Hemoglobin  
(g/l)

14.7 ± 1 14.1 ± 0.8 14.3 ± 1

Erythropoietin  
(U/l)

14 ± 2.7 13 ± 4.8 17 ± 9.4

Creatinine  
clearance  
(ml/min)

111 ± 14.4 71 ± 19.8 47 ± 13

Fractional  
excretion of  
sodium (%)

0.5 ± 0.1 1.3 ± 0.6 1.4 ± 1

Fractional  
excretion of  
urea (%)

30 ± 2 59 ± 3 61 ± 6

Erythropoeitin is an indirect measure of functional renal mass. It did not 
differ statistically in any of the groups
Source: Modified from [46]

Table 78.3  Blood and urine aldosterone levels in healthy young and 
aged persons under normal diet conditions and after salt restriction

Young (N = 10) Elderly (N = 12) p Value

Normal diet
Blood 19.6 (9.6) ng/dl 5.56 (4.2) ng/dl <0.05
Urine 10.95 (8.8) mg/24 h 4.2 (2.8) mg/24 h <0.05

Salt restriction
Blood 30.58 (4.8) ng/dl 8.6 (3.9) ng/dl <0.05
Urine 29.3 (19.6) mg/24 h 9.6 (3.8) mg/24 h <0.05
Data is mean (SD)
Source: Modified from [70]
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(ACE inhibitors) and angiotensin receptor blocking (A II RB) 
agents, which diminish aldosterone secretion by blocking 
either A II production (ACE inhibitors) or its actions (A II 
RB). Elderly patients with cardiac failure or other comorbidi-
ties treated with antialdosterone agents should be periodically 
investigated for blood potassium and at least every 3 months 
if they are simultaneously treated with drugs interfering with 
the renin–angiotensin system such as ACE inhibitors or 
Angiotensin II receptors blockers [33, 35].

Metabolic Acid–Base Disturbances  
in the Elderly Surgical Patient

Alkalosis

The reduced GFR in the geriatric patient reduces the body’s 
ability to excrete an alkaline load [34, 36]. Renal tubular 
damage during the perioperative period resulting, for exam-
ple, from hypotension or drug injury may further damage the 
kidney’s ability to excrete bicarbonate. The commonest 
causes of metabolic alkalosis during the perioperative period 
are prolonged nasogastric suctioning or vomiting. In patients 
with prolonged vomiting (e.g., secondary to gastric outlet 
obstruction), the resultant acid–base disturbance is a 
hypokalemic hypochloremic metabolic alkalosis. The kidney 
compensates for the chloride loss by reabsorbing excess 
amounts of that anion and excreting bicarbonate in the urine. 
Initially, sodium is the cation that accompanies bicarbonate 
in the urine, but as fluid loss increases, the body excretes 
potassium and hydrogen in preference to sodium in order to 
preserve intravascular volume. This results in paradoxically 
acidic urine in the presence of a metabolic alkalosis and 
compounds the disturbance.

The elderly patient is less well able to tolerate metabolic 
alkalosis and may, in this setting, experience the development 
of rapid, dangerous hypokalemia, as the body preferentially 
conserves sodium (under the influence of aldosterone) and 
hydrogen (which is titrated by the excess bicarbonate to car-
bon dioxide and excreted by the lungs) [36]. The resultant 
hypokalemic alkalosis is a risk for cardiac dysrhythmias in 
the elderly surgical patient, especially in those with coronary 
artery disease, those taking digitalis, or those who may be 
taking long-term potassium-losing diuretics.

Lactated Ringer’s solution is commonly administered as 
the maintenance intravenous fluid intraoperatively. This lac-
tate is metabolized to bicarbonate. Because of the impaired 
renal excretion of alkali in the elderly, the serum bicarbonate 
may accumulate to an unacceptable level. In this case, it is 
preferable that a balanced salt solution such as normal saline 
be used. Potassium chloride can be added to this solution as 

needed and the plasma level followed by intraoperative 
monitoring of potassium levels.

Acidosis

The elderly are prone to metabolic acidosis. Western potash 
diet leads to the daily production of 1 mEq of hydrogen ion 
per kilogram of body weight. Buffering of this acid load is 
accomplished by bicarbonate. This produces CO

2
, which is 

then excreted by the lungs [36, 37]. To correct for this loss of 
bicarbonate, the distal tubule secretes H+ formed from the 
conversion of CO

2
 to H

2
CO

3
 (catalyzed by carbonic anhy-

drase) and, under the influence of aldosterone, the newly 
regenerated bicarbonate is delivered with sodium back to the 
circulation. This makes hydrogen ion available to be pumped 
into the urine, where it lowers the urinary pH. To enhance 
hydrogen ion excretion, ammonia, filtered phosphate, and fil-
tered sulfate accept hydrogen ions in the urine and the urine 
becomes maximally acidified. Ammonia is produced in the 
renal tubular cell from glutamine, and phosphate and sulfate 
are generated during metabolism of the potash diet. This 
releases sulfate and phosphate as sulfuric and phosphoric 
acids, which promptly release their hydrogen ion, leaving the 
phosphate and sulfate to be filtered and become part of the 
composition of urine. In the elderly, these tubular processes 
are less efficient and have less capacity. Moreover, the lower 
aldosterone levels lead to decreased ability to excrete an acid 
load and to regenerate bicarbonate. The ability of the kidney 
to compensate for metabolic acidosis is thus diminished [36].

Metabolic acidosis in the surgical setting is caused by the 
accumulation of fixed acids (e.g., lactic acid) or from the loss 
of bicarbonate (e.g., through diarrhea, pancreatic or small 
bowel fistulas, or renal tubular damage). Any significant 
period of circulatory failure results in the accumulation of lac-
tic acid, reflecting anaerobic metabolism. In the geriatric 
patient, the impaired GFR leads to less direct filtration of lac-
tic acids. In addition, the reduced tubular function and lower 
aldosterone levels lead to less regeneration of bicarbonate. 
Thus, the elderly patient is more at risk to develop periopera-
tive disturbances of acid–base balance and, compared with the 
younger patient, has decreased mechanisms of compensation.

Water Balance

Water balance is controlled by the regulation of thirst, neuro-
hypophyseal function (ADH secretion), and the renal capac-
ity for water excretion [38]. Both perception of thirst and 
spontaneous intake of liquids diminish with age [39]. When 
healthy active elderly volunteers were water restricted for 
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24 h, the threshold for thirst was increased and water intake 
was reduced in comparison to a control group of younger 
individuals. Despite the reduction in water intake and thirst, a 
considerable increase in blood osmolality, plasma sodium 
concentration, and in circulating vasopressin (ADH) occurred 
during water deprivation [39]. In fact, osmotic release of 
ADH in response to intravenous hypertonic saline in elderly 
people is greater than in the young, but the vasopressin 
response to volume depletion is blunted [40]. The lack of nor-
mal thirst sensation in elderly people despite an increase in 
plasma tonicity remains unexplained. Dryness of the mouth 
and a decrease of taste with age may contribute to the diminu-
tion of thirst [41]. It has also been suggested that a reduction 
in the sensitivity of the osmoreceptors responsible for thirst 
regulation may play a part in water-handling alterations in 
elderly persons. A contrary view has arisen from studies in 
which an increase in the sensitivity of the osmoreceptors that 
regulate the release of vasopressin release was observed. 
Thirst diminution may also result from an inappropriate 
response to hypovolemia. Age diminishes the sensitivity of 
baroreceptors and their capacity to influence the release of 
vasopressin [41, 42]. Finally, plasma concentration of angio-
tensin II, a powerful generator of thirst, is diminished in 
elderly people. Therefore, severe hypovolemia and/or 
hypotension may be required to trigger stimulation of thirst 
and overcome water deficits [41]. Since there is no difference 
in the plasma concentration of vasopressin between young 
and elderly persons before or after water deprivation, this 
finding cannot be the explanation of poor water conservation 
in the elderly [37].

The Healthy Aged

Body Water

Total body water is slightly diminished with age and com-
prises only 54% of total body weight, probably because old 
people have a greater proportion of their body weight as fat 
than the young. The diminution seems to be predominantly 
of intracellular water [43].

Plasma Volume

Cross-sectional and longitudinal studies have revealed that 
plasma and blood volume do not change solely as a result of 
age alone in healthy adults [44]. Some investigators [45] have 
found that elderly women have a significantly greater plasma 
volume than young women and, as a consequence, variations 
in plasma potassium. We have found that plasma and blood 
volume measurements using radiolabeled albumin do not  

differ between young and elderly healthy volunteers and  
that males have a greater volume than females, regardless of 
age [46]. Thus, a diminished plasma volume in an elderly 
individual is almost always the result of disease [46].

Clinical Implications

When oral fluid intake is prescribed to aged patient for vol-
ume replacement, prevention of dehydration, or with other 
purposes, it should be realized that the aged lose taste recog-
nition and dislike drinking water; they will never drink the 
amount prescribed. In fact the clinical experience indicates 
that one of the most difficult tasks for the geriatric nurse is 
convincing aged patients to drink water.

Immobility (see Table 78.4)

In 40 elderly nursing-home patients (>64 years old), the 20 
that were immobilized had a significantly higher total body 
water (BW) than aged controls who could move [47, 48].

Clinical Implications

Control of BW influences the distribution volume and the 
pharmacokinetics of water-soluble drugs. It is essential that 
this state of BW balance, as inferred from plasma sodium 
concentration and urine sodium excretion, be known in 
order to properly design therapeutic regimes of drugs 
whose solubility in water will determine their action and 
bioavailability.

Mental impairment, particularly deterioration of verbal 
learning, in the aged can occur as a result of alterations of 
BW balance. Yet a recent study found that water metabolism 
in a group of demented elderly patients was not significantly 
different from controls [48]. Moreover, acute confusion 

Table 78.4  Water metabolism in mobile and immobile elderly patients

N = 40
Mobile  
[Mean (SD)]

Immobile  
[Mean (SD)] p Value

Plasma sodium  
(mEq/l)

143 (1.28) 140 (5.16) 0.014

Plasma osmolality  
(mOs/l)

281 (5.22) 270 (10.00) 0.025

Antidiuretic hormone  
(pg/dl)

  4.2 (3.56)   3.4 (2.60) NS

Body water (%)   50 (9.8)   61 (7.7) 0.0003
Data is mean (SD)
Source: Modified from [48]
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syndromes may result from water or electrolyte imbalances 
that are dissipated by correction of their presence, upon 
which the confused patients recover the previous mental 
status. Clearly, measurement of plasma electrolytes and urea 
is mandatory in confused elderly individuals before other 
diagnoses are entertained.

Urea

Healthy Aging Kidney

The old healthy aged exhibit a higher fractional excretion of 
urea than young controls, a phenomenon not clearly under-
stood, but that may result from (less reabsorption) dimin-
ished function of urea transporters. Moreover, the elderly eat 
less protein which contributes to the lower blood and kidney 
urea.

Clinical Implications

It is possible that the impairment in urinary concentration 
and dilution observed in the healthy aged may be partly the 
result of the increased urea excretion rather than its accumu-
lation in the renal interstitium. Low interstitial urea would 
reduce the favorable osmolar gradient for water reabsorption 
from lumen to blood. Consequently, the steep interstitial 
osmolar gradient necessary for urinary concentration cannot 
be maintained.

Urinary Concentration and Dilution

Healthy Young

The generation and maintenance of the hyperosmolar inter-
stitium is equally necessary for both the concentration and 
the dilution of urine. The former will occur in the presence of 
hypertonic interstititum, ADH, and maximal increase in per-
meability of the collecting duct, while the latter will occur 
with a hypertonic interstititum in the absence of ADH and 
ADH-mediated collecting duct water permeability. In both 
processes, normal function of the thick ascending limb of the 
loop of Henle is mandatory in order to establish the intersti-
tial to lumen gradient. Transport of electrolytes from the 
lumen to the interstitium makes it hypertonic. The special 
loop configuration of the vasa recta, that confer counter 
current flow of tubule fluid is able to sustain the hyperosmolar 
profile of the interstitium.

Healthy Aging Kidney

Concentration

Aged persons have a reduced renal capacity to maximally 
concentrate the urine [49] and lose 5% of this capacity with 
every 10 years of age [50]. From a maximum urinary specific 
gravity of 1.030 at 40 years of age, they fall to 1.023 at 89 
years of age. Rowe et al. [40] found a mean maximum osmo-
lality of 1,109  mOsm/kg in individuals aged 20–39 years, 
with a minimum urine flow rate of 0.49 ± 0.03  ml/min; 
1,051 mOsm/kg in 40- to 59-year-olds; and only 882 mOsm/
kg in those aged 60–79 years. In this group, the minimum 
urinary flow rate of 1.03 ml/min was more than double that of 
the young. Other groups have recorded that even healthy indi-
viduals aged 60–80 years showed a greater excretion of water, 
sodium, and potassium during the night than younger indi-
viduals [51]. The origin of the decreased concentration abil-
ity is multifactorial. It has been related to the decrement in 
GFR that occurs with age in most studies, although some data 
do not reveal a close relation between the reduction in the 
GFR and the capacity to concentrate urine in elderly persons 
[16]. The relative increase in medullary blood flow is unlikely 
to contribute to the impairment of renal concentration capac-
ity [10, 51, 52]. As already discussed, inappropriately low 
ADH does not seem to be a factor in the genesis of the defect 
since the elderly secrete as much hormone as the young. The 
defect in sodium chloride reabsorption in the ascending limb 
of the loop of Henle, which is the basic mechanism for the 
operation of the countercurrent concentration mechanism, 
may be the most important factor for the decrease in the 
capacity to concentrate urine seen in aged individuals.

Clinical Implications

Impaired urine concentration may play some role in the fre-
quency of nocturia in the elderly, although this alteration in 
circadian rhythm does not depend upon inability to concen-
trate the urine alone, but also reflects the defects in sodium 
handling and the decreased aldosterone secretion and sensi-
tivity already discussed.

Dilution

Few data in a few numbers of papers are available to explain 
the change in the capacity of the aging kidney to dilute urine. 
Nevertheless, it has been found to be decreased [50, 52]. The 
minimum urine concentration of only 92 mOsm/kg in elderly 
individuals is almost half of that (52 mOsm/kg) achieved in 
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the young. Maximum free water clearance (CH
2
O) was also 

reduced in elderly individuals from 16.2 to 5.9 ml/min. This 
is, probably, mostly dependent on the reduced GFR, but 
when CH

2
O was factored by GFR to normalize it as a percent 

of filtration rate, it was still somewhat reduced in the older 
participants (9.1 vs. 10.2%). Again, the functional impair-
ment of the diluting segment (diminished sodium reabsorp-
tion) of the thick ascending limb described above seems to 
account for the remainder of the diminution in the capacity 
to dilute urine observed in aged persons.

Potassium (see Table 78.5)

Measurements of total exchangeable body potassium by var-
ious isotopic dilution methods all agree that total body potas-
sium is 15% lower in elderly than young people [53, 54]. The 
reasons for these differences are not altogether clear, but one 
major factor is that muscle mass, a major site for potassium 
storage, is diminished in the aged. Despite the spontaneous 
ingestion of lower amounts of potassium by the elderly 
(<60 mmol/24 h) because of a low diet in meat, fruit, and 
vegetables, plasma potassium concentrations in aged persons 
do not differ from those of the younger population [55]. The 
basal urinary excretion of potassium is also lower than in the 
young [53–55]. These results have been postulated to result 
from physiological changes, such as low aldosterone and 
tendency to retain K associated with age that predisposes the 
elderly to hyperkalemia (see Table  78.7 below). However, 
when diuretics are taken, the elderly develop hypokalemia 
much more rapidly and frequently than the young.

Renal Handling of Divalent Cations, 
Phosphate, and Uric Acid (see Table 78.6)

Magnesium

The normal range of serum Mg2+ is 1.7–2.3 mg/dl, and no 
difference between the healthy young and the elderly have 
been discovered. Magnesium is the main intracellular divalent 

cation and 99% is found in the intracellular space [56]. Under 
basal conditions, the small intestine absorbs 30–50% of the 
dietary magnesium, a figure that can rise to 80% in cases of 
severe magnesium deficit [57].

Renal Handling

Approximately 20% of serum magnesium is bound to albu-
min, and in spite of the fact that 80% of this cation is filtered 
at the glomerulus only 3% of it is finally excreted in the urine 
[58]. Renal excretion is determined largely by filtration and 
tubular reabsorption rates. Tubular Mg2+ secretion does not 
appear to play a significant role in its balance. Between 10 
and 15% of the filtered Mg2+ is reabsorbed in the proximal 
convoluted tubules [59], and between 60 and 70% is pas-
sively reabsorbed in the thick ascending limb of the loop of 
Henle via paracellular channels facilitated by a lumen-
positive transepithelial gradient generated by the luminal 
Na−K−2Cl cotransporter and potassium recycling into the 
lumen [60]. In addition, this nephronal segment contains cal-
cium sensitive receptors on the basolateral pole sensitive to 
increased plasma calcium or magnesium concentration. Mg2+ 
is still significantly reabsorbed in the DCT, a mechanism 
responsible for the final control of its excretion. Urinary Mg2+ 
excretion is increased by high natriuresis, osmotic load, and 
metabolic acidosis; it is reduced by parathyroid hormone, 
metabolic alkalosis, and perhaps, calcitonin action. Vitamin 
D seems to have no influence on its renal handling [57].

Healthy Aged

Fractional excretion of magnesium (FE Mg2+) does not differ 
from the one in a healthy young population. However, in the 
setting of volume expansion, old people are prone to develop 
a significant increase in FE Mg2+ leading to a reduction in 
their serum magnesium level, whose normal values are 

Table 78.5  Renal handling of potassium

Young Elderly

p ValueMean (SD) Mean (SD)

Plasma potassium 3.6 (0.24) 3.6 (0.16) NS
Urinary potassium output/24 h 43.2 (9.1) 30.5 (9.7) <0.05
Fractional excretion of 

potassium (%)
8.6 (3.1) 9.3 (3.4) NS

Data is mean (SD)
Source: Modified from [70]

Table 78.6  Fractional excretion of calcium, phosphorus, magnesium, 
and uric acid in basal conditions and after hyposaline volume overload 
in healthy young and old–old volunteers

Young [mean and  
(range) (mg/dl)]

Old [mean and  
(range) (mg/dl)] p Value

Calcium Basal 0.8 (0.1–1.3) 0.8 (0.2–1.4) NS
Expansion 1.6 (1.3–2.3) 2.3 (1.7–4.1) 0.013

Phosphate Basal 7.5 (1–10.5) 9.5 (0.3–19) NS
Expansion 9.6 (2.3–35) 9.8 (2.4–100) NS

Magnesium Basal 4.1 (2.6–5) 2.8 (2–4.6) NS
Expansion 3.2 (2.5–6.2) 5.1 (2.2–15) 0.02

Uric acid Basal 7 (3.5–10.4) 6.2 (3.9–22) NS
Expansion 12 (9–14) 10 (1.9–31) NS

Source: Modifed from [69]
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around 2.1 (1.9–2.3 mg/dl) [60]. Since most of the filtered 
Mg2+ is normally reabsorbed in the thick ascending loop of 
Henle and this segment shows some degree of incompetence 
for the reabsorption of Na+, the handling of Mg2+ in the 
elderly may be less effective than in the young.

Calcium

Healthy Young

Calcium is critical for many metabolic functions. Although 
99% of body calcium is found as part of the structure of bone 
and teeth, the remaining 1% found in plasma and body cells is 
crucial for many functions such as blood clotting, nerve 
impulse conduction, and muscle contraction. The homeosta-
sis of calcium is a complex process that integrates the function 
of the gastrointestinal tract, the bones, and the kidneys, all 
required for normal calcium balance. The normal total serum 
calcium concentration oscillates between 9 and 10.5 mg/dl; 
approximately 50% of serum calcium is bound to albumin. A 
small amount of it is complexed to anions, and the remainder 
of serum calcium is in the form of free ionized calcium [61].

Renal Handling

The kidney is critically important for the maintenance of overall 
Ca2+ homeostasis in mammals by partly controlling the excre-
tion of Ca2+ and by conversion of vitamin D to its active metabo-
lite, 1,25-dihydroxyvitamin D3 [1,25(OH)

2
D

3
]. To maintain a 

net Ca2+ balance, 98% of the Ca2+ filtered at the glomerulus must 
be reabsorbed along the nephron [62]. The main percentage of 
Ca2+ reabsorption takes place along the proximal tubule and the 
thick ascending limb of Henle’s loop through paracellular path-
ways. The remaining 15% of Ca2+ reabsorption occurs in the 
DCT, connecting tubules (CNT), and the initial portion of the 
CCD. The relative contribution of these individual segments to 
active Ca2+ reabsorption appears to differ among species [61].

Healthy Aged

In healthy old people, plasma calcium levels and fractional 
excretion of calcium (FE Ca2+) do not differ from those of a 
healthy young population. However, when the healthy aged 
undergoes volume expansion, they develop a significant 
increase in their FE Ca2+. This increased FE Ca2+ induces a 
significant reduction in blood calcium levels. Healthy elderly 
people under the conditions of an adequate diet and sun expo-
sure have normal levels of blood calcium, blood phosphate, 
vitamin D, PTH, and urinary calcium and phosphate excretion 

[63]. However, since this population frequently has a deficient 
dietary content of Vitamin D, reduced sun light exposure, and 
low serum levels of sexual hormones, they have a tendency to 
develop hypercalciuria. The latter phenomenon together with 
a poor calcium intestinal absorption may account for the senile 
secondary hyperparathyroidism (reduced serum Ca2+ and high 
levels of PTH) communicated by some authors [64].

Phosphate

Healthy Young

Serum concentration ranges between 2.5 and 5.0  mg/dl. 
Approximately 1% of total body phosphorus is in the extracel-
lular space. Homeostasis of phosphorus is maintained by the 
transport of phosphate (Pi) across renal and intestinal epithelia 
[65]. The majority of body phosphorus is absorbed from the 
digestive tract, mostly in the duodenum and jejunum. Normally, 
the amount of phosphate in the diet exceeds 1,000 mg/day and 
its net absorption is more than 60% of the intake.

Renal Handling

Approximately 80% of renal phosphate reabsorption takes place 
in the proximal tubule by means of sodium-dependent phos-
phate transporter [65, 66]. Two transporters [Na-Pi-IIa 
(SLC34A1) and Pi-IIc (SCL34A3)] are specifically expressed in 
the brush border membrane of the proximal tubular cells. Both 
are stimulated by serum phosphate depletion, although severe 
phosphate depletion can reduce the electrolyte reabsorption 
capability of the proximal and distal tubules [65]. About 5–10% 
of filtrated phosphorus is reabsorbed by the distal tubules.

Healthy Aged

There is no significant difference in neither the serum phos-
phorus level or in its fractional excretion between the young 
and the healthy aged in basal conditions or following volume 
expansion.

Uric Acid

Healthy Young

The normal plasma uric acid level is 2.2–7.5 mg/dl in adult 
males, being slightly lower (2.1–6.6 mg/dl) in premenopausal 
females [67]. Normally, two-thirds of uric acid is eliminated 
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by the kidney and one-third by the gut [68]. Only 4% of this 
substance is bound to plasma proteins, thus most of it is 
freely filterable [67]. Approximately 10% of the filtered urate 
is finally excreted in the urine [69, 70]. This process is usu-
ally greater in males than females: fractional excretion of 
uric acid (FE UAc) is around 12 and 8%, respectively

Healthy Aged

In healthy old people, serum uric acid levels and FE UAc do 
not differ from those of a healthy young population. 
Moreover, when healthy old people undergo volume expan-
sion, they show no significant difference in their renal uric 
excretion before and after the procedure (Table 78.6).

Acute Renal Failure and Its Prevention  
in the Elderly

Acute renal failure is a disastrous complication of surgery in 
the elderly patient. In one series, major surgery was the sec-
ond most common cause of acute renal failure in the elderly 
[71]. Mortality rate was 57.3% in this group of 122 patients. 
The causes of death were pneumonia, myocardial infarction 
and cardiac arrest, pulmonary embolus, and septicemia in 
decreasing order of frequency. Infection (bronchopneumonia 
and septicemia, combined) was the leading cause of mortal-
ity in the elderly patient with acute renal failure.

There are several types of acute renal failure in the elderly, 
but the most common (as in other age groups) is acute tubu-
lar necrosis [32]. The tubular necrosis results from ECFV 
depletion leading to circulatory disturbances and ischemia; it 

can also be caused by nephrotoxicity (aminoglycoside anti-
biotics, chemotherapy drugs, or intravenous contrast agents). 
The diagnosis is made by microscopic analysis of the urinary 
sediment in which desquamated tubular cells or their degen-
erative products are observed. The cells degenerate into pig-
mented granular casts, often called “dirty brown” casts. In 
addition, there is evidence of tubular dysfunction in the form 
of impaired sodium conservation. As already mentioned 
ECFV depletion and circulatory instability in the elderly 
must be avoided. Early detection and rapid therapy with 
physiologic saline is of the essence.

In summary numerous electrolyte and acid–base distur-
bances can occur in the aged that facilitate the development 
of volume depletion and conditions that can lead to acute 
renal failure. Table 78.7 summarizes the disturbances already 
described above and provides the anatomical site and defect 
that generates them.
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Urinary incontinence (UI) is one of the most personally 
devastating diseases of the elderly. It has humiliating social 
consequences that touch every facet of the quality of life of 
the old person. One of the most debilitating consequences of 
UI in the elderly is a loss of self-esteem, which results in 
self-imposed social isolation. Elderly incontinent persons 
become prisoners in their own home due to the behavioral 
changes that occur from the personal fears and shame of UI. 
Many elderly people believe they are a victim of a disease 
without having any control over the personal and social con-
sequences. As a result, they suffer in silence because of the 
shame and lack of awareness of successful treatment options. 
Because of the loss of self-esteem, treatment of UI in old 
people is usually deferred until the disease has become severe 
and the progressive symptoms have compromised many 
years of the life of the individual. Personal decisions about 
the treatment of UI often derive from feelings of desperation 
and shame rather than a careful consideration of the treat-
ment options that meet the quality-of-life needs of the patient. 
Many elderly people have a strong reluctance to seek treat-
ment or participate in treatment for incontinence because of 
personal feelings.

Most treatment programs for UI in the elderly require 
patient involvement and participation, which is important for 
long-term success of therapy of UI in old people. The require-
ment to be personally involved in both surgical and nonsurgi-
cal treatment programs gives elderly people a feeling of 
control over their own lives and control over the devastating 
personal consequences of UI they experience.

Elderly people experience a feeling of loss of control in 
all areas of their environment and loss of importance to fam-
ily and society as they become older. They are no longer 
essential for “the job to get done” in their occupation or 
essential to “the existence of the family” as they once were 
when they were younger. The personal feelings of self-esteem 

and value to society they once experienced in their occupa-
tion are no longer present and they no longer feel important 
or needed. Their importance to the family is different because 
their role has changed drastically, and it does not provide the 
same feeling of being needed by the family. The many per-
sonal and social changes associated with aging have a collec-
tive effect of lowering self-esteem. The ultimate loss of 
self-esteem for the elderly person is the humiliation of loss 
of bladder control.

Loss of bladder control is the most profound reminder to 
elderly persons that they are not able to control even the most 
basic body functions of normal life. Particularly in the elderly 
population who have lost a personal feeling of value within 
themselves and in society, UI has an unusual capacity as a 
disease to render the individual emotionally paralyzed to 
seek treatment. The greatest obstacle to successful treatment 
of UI in the elderly is getting the individual to consult a phy-
sician and subsequently to become involved in a treatment 
program. Successful treatment of UI can restore to the patient 
essential control over a basic normal body function neces-
sary to restore self-esteem, which has an enormous impact in 
all other areas of their life.

Although UI is not a life-threatening disease, it is one of 
the most serious “quality of life” threatening diseases of 
elderly people. The economic, social, medical, and psycho-
logical impact on the lives of elderly people who have UI is 
immense [1]. Among the elderly people who are community 
dwelling and live independently, approximately 38% of 
women and 19% of men experience UI. Of the old people 
who live in chronic care facilities, approximately 55% expe-
rience UI. The total direct health care cost of UI in the USA 
during 1987 was approximately $10.3  billion and is esti-
mated to be more than $15 billion at the present time. The 
annual cost of managing UI in old people is more than the 
combined annual cost of all coronary artery bypass surgery 
and all renal dialysis in the USA. Although the economic 
cost to old people and to society is enormous, the greatest 
cost by far is the personal distress of the elderly person 
through self-imposed social isolation and loss in self-esteem 
resulting from UI.
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Urinary Incontinence in Elderly Women

Clinical Assessment

Elderly women are twice as likely to be incontinent as elderly 
men in a similar age group. The assessment of incontinence 
in an elderly patient is essential to ensure that any therapeutic 
program is based on an accurate diagnosis of urinary bladder 
and urethral dysfunction. UI in the elderly is much more 
complex than UI in younger people; and clinical trial and 
error treatment programs that are not based on a complete 
diagnostic evaluation of the patient are unlikely to be suc-
cessful and can be potentially harmful to the patient. The 
immense importance of the impact of UI on quality of life 
of the older person must be a factor in every decision includ-
ing the complexity of the clinical management of UI. 
Therefore, the incontinence assessment is important and 
involves many aspects of the pathophysiology of inconti-
nence and the life style of the individual.

Incontinence History

Many elderly women believe that UI is a normal conse-
quence of aging or of being female. Sometimes the patient 
has been told by a physician that UI is a normal condition 
associated with becoming older and that nothing should be 
done about it. The reluctance by the patient to see a physi-
cian about the symptoms of UI may be due to personal 
embarrassment, lack of knowledge of treatment options, 
fear of surgery, a sense of hopelessness about UI, and low 
expectations of treatment success. Therefore, the clinical 
history of old women with UI should always include direct 
questions about the occurrence of incontinence episodes, 
the symptomatic characteristics of urinary incontinence, 
and the severity of urinary incontinence. Typically, inconti-
nence severity can be estimated by a clinician by asking 
patients how many times they change pads each day. It is 
important for the clinician to know if the major component 
of incontinence is urge urinary incontinence (UUI) or stress 
urinary incontinence (SUI). Typically, SUI is associated 
with involuntary loss of urine with coughing, straining, and 
movement [2]. UUI usually is associated with an intense 
desire to void with an inability to prevent urine loss volun-
tarily because the patient cannot physically get to the bath-
room in time to prevent an incontinence episode [3].

A urinary diary is an essential part of the initial clinical 
evaluation of urinary incontinence in old women [4]. The 
diary helps document the severity of incontinence, determine 
if associated irritative symptoms are present, establish if 
there is a pattern to the incontinence, identify precipitating 
events, and assist in planning the treatment approach. 

The assessment of symptom distress and quality of life are 
increasingly important when evaluating the severity of health 
conditions, such as UI and the impact of the disease on the 
daily life of the individual.

Although UI in the elderly is a personally devastating dis-
ease, it is not a fatal disease for most patients. Successful 
treatment of UI in elderly women does not prolong survival, 
so the goal of treatment of UI is to make the life of the person 
better. Therefore, quality of life assessment is important 
when determining the success of treatment. Finally, it is 
essential to determine the functional status of the older 
patient. Both mental status and physical status of the patient 
are important when planning treatment so it is specific to the 
needs of a particular old person. In addition, comorbid medi-
cal conditions may have a significant impact on the treatment 
decisions of UI in older patients.

Physical Examination

The physical examination of the incontinent elderly woman 
requires more attention to nuances than in the younger woman. 
For example, atrophic changes in the vaginal epithelium may 
indicate that similar changes are present in the urethral mucosa 
[5]. The general body habitus of the elderly woman is impor-
tant, as is her agility when planning therapy. A pelvic exami-
nation is always performed when possible, including an 
assessment of the perineal skin, the pelvic floor, and the vagi-
nal wall. It is important for the clinician to identify evidence of 
anatomic incontinence due to prolapse of the bladder and ure-
thra in old patients. In addition to anatomic changes in the 
urethra, atrophy of the vaginal epithelium may be associated 
with poor urethral function, which can contribute to intrinsic 
sphincter deficiency (ISD) being an etiology of the inconti-
nence. ISD is characterized by the failure of urethra to func-
tion properly regardless of the anatomic position of the urethra 
[6]. ISD can exist in old women who have stress incontinence 
with an associated anatomic abnormality as well as those who 
have no evidence of anatomic changes or prolapse. Clinically, 
it is essential to identify elderly women who have ISD as an 
etiology of SUI so as to counsel the patient about specific ther-
apy for it. ISD is intrinsic failure of the urethra to function 
normally and requires a therapeutic approach different from 
that for anatomic SUI.

Urodynamic Studies

Urodynamic studies of bladder function in elderly patients 
are necessary for the diagnosis and treatment of UI. Such 
studies consist of a sequence of bladder and urethral function 
measurements that often seem confusing to elderly patients 
and to the referring physician. Because UI in elderly women 
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is considerably more complex than that in young women, the 
value of complete urodynamic studies is especially impor-
tant in the old patient. Complete urodynamic studies can be 
performed in elderly patients with minimal discomfort, and 
the studies provide invaluable clinical information essential 
to the diagnosis and treatment of incontinence in this group 
of patients.

The urinary flow rate is usually the initial bladder func-
tion measurement, and it can be performed in the physi-
cian’s office without significant inconvenience or discomfort 
to the patient. To perform a urinary flow study, the patient is 
positioned on a specially designed commode chair, and she 
voids into a urinary flow unit. The urinary flow rate is inex-
pensive, relatively easy to interpret, and provides valuable 
clinical information about bladder function. The uroflow 
parameters include the voiding time, peak urinary flow, 
mean urinary flow, and voided volume of urine. Usually, the 
residual urine volume is measured after the patient voids for 
the urinary flow rate. The residual urine volume can be mea-
sured with an ultrasound scan of the bladder or with a cath-
eterized residual volume determination. Although the 
uroflow studies are valuable clinically, they alone do not 
provide the necessary information to establish the presence 
of such disorders as bladder outlet obstruction; further uro-
dynamic evaluation is required here, including a pressure-
flow study.

Cystometrography is one of the most important studies of 
bladder function in elderly women. It is performed by con-
tinuous filling of the urinary bladder using a catheter through 
the urethra to measure the total capacity of the bladder, the 
sensation of filling experienced by the patient, the pressure–
volume relation of the bladder, and the contractility of the 
bladder. In many elderly women, the capacity of the bladder 
is small, the bladder may contract involuntarily causing uri-
nary incontinence, or the bladder may not stretch properly, 
resulting in an abnormal increase in resting pressure during 
filling. These abnormalities of bladder function are just some 
of those that occur in elderly patients with UI that can be 
found on routine cystometric bladder studies, and they must 
be identified and treated according to the diagnosis provided 
by routine cystometry.

Pressure-flow studies measure the pressure inside the 
bladder during voluntary voiding and simultaneously mea-
sure the resulting urinary flow rate. This study is essential for 
assessing the voiding dynamics of the patient who has a low 
peak flow rate on routine uroflow studies. The clinician must 
determine if the cause is a low detrusor pressure or a bladder 
outlet obstruction. Elderly women who have bladder outlet 
obstruction or low detrusor pressure during voiding may also 
have incomplete emptying of the bladder. Either of these 
problems that result in an elevated postvoiding residual urine 
volume can cause bladder hyperactivity and may be associ-
ated with urinary incontinence. A high detrusor pressure 

during voluntary voiding with an associated low urinary flow 
rate is diagnostic of bladder outlet obstruction.

Bladder outlet obstruction in elderly women can have a 
functional or anatomic etiology; it is usually associated 
with previous surgical procedures that resulted in obstruc-
tion of the urethra. Urethral obstruction that results from 
previous surgery may produce a fixed outlet obstruction 
without correcting the etiology of the SUI. In these patients, 
SUI due to sphincteric dysfunction can coexist with blad-
der outlet obstruction, as the urethral obstruction is enough 
to produce bladder obstruction but not enough to produce 
continence. This is because urethral resistance is a static 
resistance instead of the normal dynamic functional resis-
tance of the urethra. Bladder outlet obstruction due to fixed 
resistance within the urethra cannot be identified unless 
combined bladder pressure and urinary flow rate studies are 
done simultaneously. The pressure-flow studies represent 
the most important assessment available to determine the 
dynamics of bladder and urethral function of elderly women 
who have UI.

Another critical part of the evaluation of elderly women 
with UI is the measurement of urethral function [7]. 
Measuring the pressure of the urethra throughout the func-
tional length is a study called the urethral pressure profile 
(UPP). The UPP is an important measurement of urethral 
function, but it is not necessarily a measure of the conti-
nence function of the urethra. Simultaneous measurement 
of urethral pressure and intravesical pressure during cough-
ing provides a differential pressure between the bladder and 
urethra. This has been called the stress UPP and has added 
significantly to the clinical applications of the UPP. With the 
introduction of the concept of ISD, the abdominal leak point 
pressure (ALPP) measurement has been used much more 
commonly as a clinical assessment of the continence func-
tion of the urethra.

The ALPP is a measurement of the intra-abdominal pres-
sure required to produce leakage of urine from the bladder 
through the urethra [8]. This study requires fluoroscopic 
evaluation of the patient during a straining maneuver. 
Although this study is highly accurate and predictive of the 
outcome of surgical procedures for SUI in elderly women, 
the requirement of simultaneous use of fluoroscopy during 
the study precludes routine use of the test in many clinical 
environments. ALPP does remain the most clinically impor-
tant study when evaluating urethral function in elderly 
women with the symptoms of SUI and is essential for diag-
nosing intrinsic ISD. In patients who have a low ALPP, a 
urethral sling procedure is required to correct the symptoms 
of SUI if a surgical procedure is being considered. The long-
term failure rate of any of the numerous bladder suspension 
procedures in these patients is high, and a urethral sling pro-
cedure is the only operative procedure that has a high long-
term success rate in these patients. If the ALPP is more than 
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60 cm H
2
O, then ISD is not likely to be a significant factor in 

the etiology of UI; hence a routine bladder suspension proce-
dure is usually successful in correcting the problem of ana-
tomic incontinence and alleviating the symptoms of SUI in 
the elderly woman.

Electromyography (EMG) of the striated sphincteric 
muscles is one of the more difficult clinical diagnostic stud-
ies [9]. Among elderly women it is especially important for 
patients in whom neurologic disease is the etiology of the 
UI or a contributing factor. Neurologic disease in the elderly 
as a cause of urinary incontinence may originate in the cen-
tral nervous system (CNS) in those who have such diseases 
as a previous stroke. Neurologic disease as a cause of UI 
also may originate in the spinal cord in old patients who 
have diseases such as intervertebral disc disease, or a neuro-
logic disease that causes UI may originate peripherally with 
such diseases as diabetes. EMG is especially important in 
patients with UI who may not be suspected to have associ-
ated neurologic disease but have a history of degenerative 
disc disease of the spine or multiple previous operative pro-
cedures for disc disease of the back.

Pathophysiology of UI in Elderly Women

Urinary incontinence is usually considerably more complex in 
elderly women than in young women. In general, incontinence 
in old women can be caused by abnormalities of bladder func-
tion, abnormalities of urethral function, or combinations of 
bladder and urethral dysfunction [10]. Close attention to the 
clinical characteristics of the symptoms of UI in old women 
from their incontinence history can be helpful for identifying 
the etiology of the UI. However, a precise description by the 
elderly patient of her symptoms usually is not nearly as helpful 
in the diagnosis as is a description of the characteristics of 
symptoms in young women. For this reason, urodynamic stud-
ies along with endoscopic and fluoroscopic studies have a sig-
nificance in the diagnosis and treatment of UI in old women. 
Even with extreme attention to every detail of the assessment 
by the clinician, there is a greater degree of imprecision when 
determining the pathophysiology of UI in old women com-
pared with young women.

Urge Urinary Incontinence

A common cause of incontinence in elderly women is an 
overactive bladder, which is characterized by the symptoms 
of urgency, frequency, nocturia, and episodes of urge UI. 
Elderly women who have symptoms of urinary urgency usu-
ally have associated nocturia.

A significant clinical difference between elderly women 
and young women regarding the symptom of urge UI is that 

older women frequently complain that they have no warning 
of the event [11]. Young women usually describe intense 
urgency with an inability to control the episode of urgency 
voluntarily. In contrast, the elderly woman often describes 
the incontinence event as occurring with little or no warning 
at all. Although the sensation of urgency exists in elderly 
women, the duration of the sensation prior to the onset of 
incontinence is often only a few seconds. The etiology of this 
clinical observation is unclear, but it appears to be associated 
with aging. The effects of aging on the lower urinary tract 
function somehow result in bladder overactivity in many 
elderly women.

Hyperreflexic Contractility

Incontinence associated with true detrusor hyperreflexia is, 
by definition, caused by some type of associated neurologic 
disease [12]. Most commonly in the elderly, detrusor hyper-
reflexia occurs after a stroke or some other CNS disease, 
such as Parkinsonism. Detrusor hyperreflexia may result 
from spinal cord disease related to herniated disc disease or 
previous back surgery in old people. Urinary symptoms due 
to neurologic detrusor hyperreflexia in elderly patients usu-
ally occur both day and at night with a smaller than normal 
urine volume in the bladder. The cystometrogram almost 
always shows a reflex detrusor contractile response associ-
ated with filling of the bladder to a relatively small volume. 
In elderly patients with spinal cord disease, the EMG often 
shows simultaneous contraction of the external urethral 
sphincter and contraction of the urinary bladder, resulting in 
extremely high bladder pressures with failure to empty. It is 
due to the high outlet resistance of the contracted external 
urethral sphincter and is called detrusor-sphincter dyssyner-
gia. In most of these patients, neurologic disease that affects 
urinary bladder function also affects other areas of the body; 
and the associated functional deficits are usually clinically 
apparent.

Bladder Compliance

Urinary incontinence associated with abnormal bladder com-
pliance is a critical diagnosis that must be excluded in every 
elderly woman who has symptoms of an overactive bladder. 
In a normal person, the increase in volume in the bladder is 
not associated with a significant increase in pressure within 
the bladder. However, in patients with abnormal compliance, 
the pressure within the bladder increases as the volume in the 
bladder increases. This is a serious intrinsic problem of the 
urinary bladder, as it can result in obstruction of the kidneys 
due to a high resting pressure within the bladder that does not 
allow the ureters from the kidneys to drain properly. 
Abnormal bladder compliance can result from an injury to 
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the bladder; it can occur following radiation therapy or 
chemotherapy to the bladder; or it can be associated with 
systemic diseases such as diabetes. A common clinical etiol-
ogy of abnormal bladder compliance resulting from injury is 
due to bladder decentralization caused by peripheral neural 
injury that occurs at the time of a radical hysterectomy or an 
abdominoperineal resection. Abnormal bladder compliance 
can also be induced by prolonged treatment with a Foley 
catheter or an indwelling suprapubic catheter. Abnormal 
bladder compliance is diagnosed by cystometrography. 
Urodynamic studies are essential to the diagnosis and treat-
ment of the elderly woman with UI.

Stress Urinary Incontinence

In a normal person, the pressure within the urethra increases 
reflexly with increases in intra-abdominal pressure. During 
episodes of coughing or sneezing, the pressure within the 
abdomen sharply increases to a high pressure. However, 
through neurologically mediated reflex mechanisms, the nor-
mal resting pressure within the urethra quickly increases to a 
level higher than the pressure within the abdomen to prevent 
the leakage of urine from the bladder through the urethra [7]. 
When this normal compensatory reflex mechanism of the ure-
thra fails to function properly, urine leaks through the urethra 
from the bladder during episodes of increased intra-abdominal 
pressure. This condition is called SUI.

In the elderly woman, there is a gradual decrease in the 
resting pressure within the urethra with advancing age. Part 
of the change in pressure is due to a loss in the vascularity of 
the submucosa of the urethra. This soft submucosa in young 
women serves as a “gasket” by providing a seal within the 
urethra when changes in abdominal pressure occur. Estrogen-
deficient elderly women usually have a large loss of vascu-
larity in the urethral submucosa, resulting in loss of the 
gasket effect within the urethra. Loss of the gasket effect of 
the submucosal seal of the urethra results in failure of the 
compensatory pressure mechanism within the urethra to be 
effective in containing the urine within the bladder during 
episodes of increased intra-abdominal pressure. Clinically, 
this condition results in SUI.

Another effect of aging in women is loss of the normal sup-
port of the bladder and urethra. Many elderly women are often 
told by their physician that their bladder has “fallen down.” 
With increases in intra-abdominal pressure such as coughing 
and straining, there is often rotation of the base of the bladder 
and proximal urethra into the vagina. Such prolapse is associ-
ated with the loss of reflex compensatory pressure mechanism 
of the urethra. This type of SUI is called anatomic SUI. When 
an anatomic abnormality or prolapse of the base of the bladder 
and urethra is associated with urinary incontinence, a surgical 
procedure is usually required to correct the abnormality and so 
prevent the persistent symptoms of SUI.

Intrinsic Sphincter Deficiency

When the compensatory reflex pressure mechanism within 
the urethra is inadequate because of abnormal function of the 
intrinsic properties of the urethra itself, it is called intrinsic 
sphincter deficiency (ISD). In many cases, the cause of ISD 
is unclear. It is much more common in elderly women due to 
the loss of intrinsic function of the urethra associated with 
the vascular submucosa that provides the gasket seal of the 
urethra. ISD is diagnosed by the ALPP test [6]. Currently, an 
ALPP less than 60 cm H

2
O is considered to reflect abnormal 

intrinsic urethral sphincter function. It is more complicated 
to manage elderly women with ISD clinically than those who 
do not have ISD.

When ISD coexists with anatomic incontinence or pro-
lapse, a pubovaginal sling procedure is usually the only treat-
ment for successful long-term management of these patients. 
The short-term postoperative morbidity associated with a 
pubovaginal sling procedure for the treatment of UI in elderly 
women is significant in some patients. If an anatomic abnor-
mality does not exist, intraurethral bulking agents such as 
collagen may be used successfully in some cases.

Mixed Incontinence

Mixed incontinence in elderly women refers to an etiology 
of UI within the same patient that consists of both an overac-
tive bladder and SUI due to urethral dysfunction [13]. Mixed 
incontinence is considerably more complex to treat than 
either SUI or UUI. Usually both components must be treated, 
and they are usually treated separately. There appears to be 
some interaction between SUI and UUI. For example, suc-
cessful treatment of SUI usually results in improvement or 
resolution of UUI. Often successful treatment of UUI allevi-
ates the symptoms of SUI. Generally, successful treatment of 
mixed incontinence requires combination therapy that man-
ages both components.

Nonsurgical Treatment of UI in Elderly 
Women

Pharmacologic Therapy

Although pharmacologic therapy has been effective in many 
young women with urinary incontinence, the efficacy and 
side effects have limited its use in elderly women. For 
patients with UUI symptoms, cholinolytic drugs such as 
oxybutynin (Ditropan) are among the most common agents 
used. In general, cholinolytic drugs have not been as effec-
tive in the elderly patient with symptoms of an overactive 
bladder as in the younger woman. Side effects of a dry mouth 
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and dryness of the eyes in the elderly have frequently limited 
the use of oxybutynin, but the occasional elderly patient who 
experiences confusion associated with that drug causes major 
concern about the use of this drug in old people.

The first group of new drugs available for clinical use for 
the treatment of the overactive bladder in the elderly is tolt-
erodine (Detrol). Tolterodine is more highly selective for the 
bladder than for the salivary glands and has been better toler-
ated in the elderly. In addition, it does not appear that the 
problem of confusion is as prevalent with tolterodine as it 
has been with oxybutynin. Tolterodine appears to be a more 
effective drug for the treatment of bladder overactivity in 
elderly patients with considerably fewer side effects than are 
seen with oxybutynin.

a-Adrenergic drugs have produced clinical improvement 
in young women with mild SUI. One of the most common 
drugs used is phenylpropanolamine, usually in doses of 
75–150 mg daily. Again, the problem of side effects of this 
class of drugs in the elderly precludes its routine use for SUI. 
Cardiac problems, including hypertension, are among the 
many contraindications for the use of a-adrenergic medica-
tions in elderly women.

Behavioral Therapy

The most common behavioral therapy used for both SUI and 
UUI in elderly women is some modification of the Kegel 
exercises. The original technique of pelvic muscle exercises 
(PMEs) described by Kegel was a form of biofeedback ther-
apy. However, since the original description by Kegel, mul-
tiple modifications of PME have occurred that do not involve 
any type of feedback. In fact, PME taught by verbal instruc-
tion alone is inadequate for the elderly woman to learn to 
perform the desired muscle contractions for the training pro-
gram. PMEs work primarily by a reflex inhibition of bladder 
contraction when the muscles are contracted.

Biofeedback Therapy

Of the behavioral therapies, the most effective form of train-
ing is biofeedback, which is a precise technique for teaching 
patients to do the PMEs. It provides feedback regarding the 
performance of PMEs to the patient [14]. The performance is 
usually displayed to the patient by both visual and auditory 
feedback signals. The patient learns quickly to perform pre-
cise muscle contraction activities that allow maximum return 
of bladder control. PME therapy is useful for both UUI and 
SUI, although the efficacy of biofeedback for SUI appears to 
be less than that for UUI. For the elderly woman with UUI, 

biofeedback is considered by many to be the therapy of 
choice. It has the advantages of being effective with no 
potential side effects.

Timed Voiding

It has been shown that the inability to prevent an involuntary 
bladder contraction is only part of the aging process affect-
ing bladder function. Another significant symptom is the 
inability to voluntarily initiate voiding. It is common for 
elderly women who have UUI to be unable to initiate voiding 
voluntarily even though a significant amount of urine is pres-
ent in the bladder. Shortly after an unsuccessful attempt to 
empty the bladder, the elderly woman may experience an 
episode of UUI. Although it is unclear that prompted voiding 
addresses this specific problem associated with aging, a 
timed voiding schedule usually improves continence in this 
group. The treatment program is relatively simple. The 
patient voluntarily voids at fixed time intervals while awake. 
The interval is usually 2 h during waking hours. This regi-
men teaches the patient to inhibit the bladder voluntarily dur-
ing the 2-h interval and to initiate voiding upon command. 
A timed voiding schedule can be combined with biofeedback 
therapy as a part of a comprehensive behavioral therapy 
program.

Surgical Treatment of UI in Elderly Women

Surgical treatment of UI is usually much more complex in 
elderly women than in young women, primarily because of a 
component of mixed incontinence exists in many elderly 
women who have SUI and the unusual complexity of the 
mixed incontinence that often occurs with aging. The 
approach to surgical treatment of the elderly woman also 
depends on the general health of the patient and existing 
comorbid conditions.

There is no question that UI is a debilitating disease in 
elderly women, but it is rarely a cause of death. For this rea-
son, it must be recognized that surgical treatment of UI in 
elderly women has improvement in quality of life, as the 
major goal of treatment. Therefore, it is not reasonable to 
risk survival or existing quality of life with a surgical 
approach for the treatment of UI in these women without 
reasonable assurance of successful improvement in quality 
of life resulting from the operative procedure. In properly 
selected elderly patients, the long-term success of surgery is 
excellent, but the marked improvement in quality of life 
resulting from surgery is often denied the older patient on the 
basis of age alone [15].
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Conventional urethral suspension procedures can be used 
routinely in the elderly woman with uncomplicated SUI [16]. 
An uncomplicated patient is one who has not failed previous 
operative procedures for SUI, does not have ISD, does not 
have significant coexisting UUI, and does not have serious 
comorbid conditions. In addition, urodynamic studies should 
demonstrate normal bladder function on cystometry and 
pressure-flow studies. Transvaginal procedures such as the 
Raz procedure or the modified Pereyra procedure are often 
used in the elderly woman because of the low risk of mortal-
ity from the surgery. Other considerations for the surgical 
treatment of uncomplicated SUI in the elderly woman include 
modifications of the Burch operative technique. However, no 
operative procedure should be considered in the elderly 
woman with SUI until a complete evaluation of bladder and 
urethral function has been accomplished.

For elderly women with ISD and any degree of prolapse 
of the bladder and urethra, a pubovaginal sling procedure is 
the only operative technique likely to be successful. This 
operative technique is slightly more difficult to perform than 
a urethral suspension procedure and has a slightly higher 
incidence of associated postoperative morbidity. A pubovag-
inal sling procedure should not be considered in the elderly 
woman with SUI unless a complete evaluation is done to 
determine the status of urethral and bladder function. 
Assessment of the urethra and bladder allows appropriate 
selection of the operative procedure and the ability to predict 
the outcome of the operation.

In the elderly woman with ISD without evidence of blad-
der or urethral prolapse, intraurethral bulking agents such as 
collagen can be used [17], which typically works well in 
these patients. It is common for patients after intraurethral 
collagen to develop recurrent SUI over a long time; however, 
requiring repeat intraurethral injections of the collagen mate-
rial. This problem is usually not significant because the injec-
tions can be done in the office with local anesthesia, and the 
procedure is completed within a few minutes. Complications 
associated with intraurethral injections are minimal, and the 
success rate has been particularly good in the elderly woman 
with SUI due to ISD without an anatomic defect.

Urinary Incontinence in Elderly Men

Clinical Assessment

The assessment of UI in elderly men consists of a precise, 
complete characterization of the symptoms experienced by 
the patient. A voiding diary is an important part of the assess-
ment of community dwelling elderly men with UI. Also the 
American Urological Association symptom score for benign 

prostate hyperplasia (BPH) can be useful for identifying 
patients with bladder outlet obstruction [18]. In the chronic 
care environment, assessment of the severity of incontinence 
is more difficult. Usually the number of times each day 
absorbent pads must be changed is an indicator of the sever-
ity of incontinence in both community dwelling and chronic 
care elderly men. The severity of incontinence includes the 
frequency of episodes and the volume of involuntary urine 
loss. Unlike elderly women, SUI caused by sphincteric 
incompetence is rare in men who have not undergone previ-
ous prostate or pelvic surgery. Therefore, incontinence in 
elderly men is almost always associated with involuntary 
detrusor contractions, which means that bladder contractions 
occur without the patient being able to prevent the occur-
rence of the episodes voluntarily [19]. Elderly men with 
symptoms of UUI almost always experience involuntary 
detrusor contractions, which are the cause of the UI. In fact, 
it is reasonable to assume clinically that the etiology of UUI 
in elderly men is involuntary detrusor contractions even 
though the cystometrogram may show a stable bladder dur-
ing filling.

The initial clinically useful study in elderly men with UI 
is usual measurement of the urinary flow rate by office ultra-
sonography or catheterized residual urine measurement. 
A peak urinary flow rate of less than 15 ml/s is usually asso-
ciated with bladder outlet obstruction. An elevated residual 
urine volume of more than 50 ml is also usually associated 
with bladder outlet obstruction.

A common characteristic of the aging bladder function in 
men is the inability to initiate voiding voluntarily. Therefore, 
the elderly man may be unable to void for a urinary flow rate 
test, and ultrasonography may show that the bladder contains 
more than 100 ml of urine. The elderly man with UI often 
experiences an episode of UI shortly after being unable to 
void voluntarily even when the bladder contains an adequate 
amount of urine for voluntary voiding. When the elderly man 
is unable to void, a catheterized urine volume at that time 
does not represent a postvoiding residual urine volume. An 
accurately performed postvoid residual urine volume may 
show variation from one voiding episode to another within 
the same elderly male patient and may need to be repeated 
for accuracy when possible. The postvoid residual volume 
can be obtained only after the patient has voided. Also, the 
postvoid residual volume is useful only if the patient has 
voided a significant urine volume, usually considered to be 
100 ml or more.

Cystometrography is important in elderly men who have 
UI to determine if bladder compliance is normal. That is, the 
resting pressure in the bladder should not show a significant 
rise during filling to the capacity at which the patient feels 
the urge to void. Unstable detrusor contractions are consid-
ered to be a significant finding on filling cystometry studies, 
although detrusor instability is not necessarily diagnostic of 
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an underlying bladder disorder in elderly men, as the 
instability is seen in otherwise normal elderly men as well. 
The most significant finding with filling cystometry is deter-
mining the capacity of the bladder and establishing that blad-
der compliance is normal.

The simultaneous measurement of bladder pressure and 
urinary flow rate during voluntary voiding is the most 
important study when evaluating bladder outlet obstruction 
in elderly men due to BPH. A pressure-flow study in an 
elderly man that shows a high detrusor pressure and low 
urinary flow rate during voluntary voiding is the diagnostic 
of bladder outlet obstruction. Therefore, pressure-flow is 
one of the most important studies in the urodynamic evalu-
ation of the elderly man with UI. Elderly men who have UI 
and bladder outlet obstruction should be considered for sur-
gical correction of the obstruction. It usually involves tran-
surethral resection of the prostate (TURP). In many elderly 
men with significant bladder outlet obstruction and associ-
ated UUI, the latter resolves within a few weeks to months 
following surgical correction of the obstruction. If UUI 
persists after the bladder outlet obstruction has been surgi-
cally corrected, cholinolytic drugs such as tolterodine 
(Detrol) may be used to treat clinical bladder overactivity.

It is clinically necessary to determine if bladder outlet 
obstruction is present before using a cholinolytic drug in 
elderly men with UUI. Cholinolytic medications decrease 
detrusor contractility, which is contraindicated in patients with 
existing outlet obstruction of the bladder. Elderly men with 
bladder outlet obstruction due to BPH usually have high blad-
der pressure during voiding to empty the bladder considering 
the degree of bladder outlet resistance. If the bladder pressure 
is decreased by the cholinolytic medications used to treat over-
active bladder symptoms, acute urinary retention may result 
because of a decrease in bladder pressure resulting from the 
medication. Therefore, surgical correction of bladder outlet 
obstruction is necessary before implementing cholinolytic 
drug therapy for bladder overactivity in elderly men who have 
UI and coexisting bladder outlet obstruction due to BPH.

Pathophysiology of UI in Elderly Men

Although most continent elderly men experience nocturia, 
those with UI have a higher number of nocturia episodes 
than continent men. Most old men awaken completely dur-
ing these events of nocturia and may complain about having 
difficulty returning to sleep. Poor-quality sleep in old men is 
common and may contribute significantly to decreased men-
tal alertness during the daytime. Like elderly women, many 
elderly men who experience episodes of UUI describe the 
episode as one in which involuntary voiding occurs with lit-
tle or no warning of an impending incontinence episode.

The ordered biologic systems regulating micturition in 
normal young men appears to be impaired in elderly incon-
tinent men, and the normal physiology of voiding is disor-
dered. It may be associated with aging or possible localized 
CNS deficits. Studies have been performed that carefully 
measured the exact time of an incontinence episode and the 
exact volume of involuntary urine loss in elderly incontinent 
men. It was found that within patients the volume of invol-
untary urine loss had a wide variation, with no predictability 
regarding volume of urine loss for any given incontinence 
episode. In addition, the interval between episodes was 
measured, and it was found that a wide range of variation in 
interval between episodes occurred with no predictability of 
the interval. Also, the residual urine was measured follow-
ing an incontinence episode. The volumes of the urine loss 
during the incontinence episode and the residual urine were 
measured. The total volume at the time of the incontinence 
episode also showed wide variation within patients. It was 
apparent from these studies that the occurrence of an incon-
tinence episode in elderly incontinent men was independent 
of the accumulated volume of urine in the bladder at the 
time of the incontinence episode.

The same group of patients who demonstrated such irreg-
ular bladder activity also demonstrated voluntary voiding 
without incontinence on a routine basis. These clinical obser-
vations suggest that elderly men with UUI have random 
detrusor contractions resulting in urinary incontinence, 
whereas the neural pathways required for normal voluntary 
voiding remain intact. This finding suggests that UI may rep-
resent abnormal bladder contractions originating from a neu-
rologic mechanism different from the normal bladder 
contraction that occurs under voluntary control.

This type of UUI is the most common type of inconti-
nence seen in elderly men. As described previously, SUI is 
rare in men who have not had previous prostate or pelvic 
surgery. Elderly men who have undergone radical prostatec-
tomy for adenocarcinoma of the prostate may have SUI 
resulting from sphincteric incompetence. Failure of the ure-
thral sphincter mechanism following radical prostatectomy 
is usually due to ISD. Urinary incontinence in elderly men 
due to an abnormality of the urethral sphincter mechanism 
following a TURP is uncommon. Patients who have persis-
tent UI after a TURP usually have detrusor dysfunction as 
the etiology of the UI, with the urethral sphincteric mecha-
nism intact. Elderly men with UI following abdomino-
perineal resections for colon carcinoma rarely experience 
SUI due to sphincteric incompetence. The etiology of sphinc-
teric incompetence following abdominoperineal resection is 
unclear. Voiding disorders following such a resection are 
uncommon and are likely due to a problem with the bladder, 
possibly due to partial denervation of the bladder during the 
operative procedure. These patients may also experience UI 
due to abnormal bladder compliance. Therefore, all patients 
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who experienced UI following previous pelvic surgery 
should have complete urodynamic assessment of both blad-
der and urethral function before considering therapy.

Nonsurgical Treatment of UI in Elderly Men

If bladder outlet obstruction has clearly been excluded as an 
etiology of UUI in elderly men, nonsurgical therapies can be 
implemented. They include pharmacologic and behavioral 
therapies.

Pharmacologic Therapy

Medical management of the overactive bladder in elderly 
men is similar to that in elderly women. Oxybutynin 
(Ditropan) has been used to treat the overactive bladder in 
elderly men for years, but the side effects are poorly tolerated 
in this patient population. The side effect of most serious 
concern is confusion, which is of particular concern in those 
who operate automobiles. For this reason, oxybutynin has 
not been routinely used in elderly men with UUI.

Tolterodine (Detrol) is a newer drug used to treat the over-
active bladder in elderly men. It is highly effective and well 
tolerated in this group. Because of the ease of administration 
and the low incidence of side effects, tolteradine is consid-
ered the drug of choice for initial therapy of the overactive 
bladder in elderly men. Before initiation therapy with tolt-
erodine, the clinician must be certain that there is no bladder 
outlet obstruction due to BPH.

Behavioral Therapy

PMEs can be used in men with UUI that are similar to those 
used by women. PME programs are typically variations of 
the original Kegel exercises. It is important to remember that 
the original Kegel exercises were done by women using a 
perineometer, which provided visual feedback of perfor-
mance to the patient. Over a period of time, modifications of 
the Kegel exercises became various forms of PMEs. The 
major problem with PME programs is the instruction of the 
patient. It is difficult to instruct an elderly man in the PMEs. 
For this reason, more precise techniques (e.g., biofeedback) 
are considered more efficacious.

Biofeedback is not commonly used for behavioral therapy 
in elderly men because it requires complex equipment and 
trained personnel. However, it is extremely effective for 
treating those with symptoms of an overactive bladder [14]. 

It is important to select the proper signal source, which is 
usually perianal EMG activity displayed as visual and audi-
tory feedback of performance.

Biofeedback therapy depends on the functional status of 
the patient to some extent. It is important that the patient has 
adequate mental function and reasonable physical function. 
Because biofeedback is a training program, it requires a level 
of mental function that allows training to take place; and 
enough physical function is required to allow contraction of 
the appropriate muscle groups. Although biofeedback ther-
apy has been used in chronic care patients, it is generally 
more suitable for community dwelling patients because of 
the higher level of functional status usually associated with 
the latter.

A timed voiding schedule is excellent therapy for elderly 
men with UUI. In general, the patient is required to void 
every 2 h while awake. He then attempts to prevent voiding 
during the 2-h interval and voluntarily initiates voiding on 
command at the end of the 2  h. This regimen teaches the 
patient to inhibit the bladder voluntarily and to initiate void-
ing voluntarily, which improves bladder control. As with 
women, a PME program (which may be biofeedback-based) 
can be combined with a timed voiding schedule to improve 
the efficacy of behavioral therapy.

Surgical Treatment of UI in Elderly Men

Surgical treatment of UI in men depends on the etiology of 
the UI. In patients who have detrusor hyperactivity and blad-
der outlet obstruction, the bladder outlet obstruction is treated 
surgically if possible with a TURP. The patient is then 
observed for resolution of the symptoms of the overactive 
bladder, which usually occurs in 2–3 months. If urge UI con-
tinues, a cholinolytic drug such as tolteradine should be con-
sidered. Behavioral therapeutic treatments may also be 
considered.

With postprostatectomy incontinence following radical 
prostatectomy for prostate cancer, the damage to the sphinc-
teric mechanism is something that usually cannot be surgi-
cally repaired. Intraurethral injections of a bulking agent 
such as collagen may be used as an initial therapy. Collagen 
has typically been beneficial in patients having relatively 
mild SUI. The overall long-term results of intraurethral col-
lagen for severe postradical prostatectomy incontinence have 
been disappointing. In most patients who have severe SUI 
following radical prostatectomy, an artificial urinary sphinc-
ter is the best surgical treatment. Results with an artificial 
sphincter are good overall, but in the elderly patient manual 
dexterity is an important part of the functional status of the 
patient that is required for satisfactory results. The artificial 
urinary sphincter has a silicone pump located within the 
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scrotum and requires manual pumping of the device through 
the scrotal skin. This activity requires a reasonable level of 
both mental function and manual dexterity.

Urinary incontinence following TURP is uncommon even 
in elderly patients. When it does occur, the etiology is likely 
detrusor hyperactivity. Rarely, sphincteric incompetence due 
to ISD is the etiology, and in these cases an artificial urinary 
sphincter is required to achieve continence.

Conclusions

Urinary incontinence in elderly women and elderly men 
has a devastating impact on the quality of life of the indi-
vidual. Because UI is rarely fatal in old people and because 
quality of life issues are profound, treatment of UI must 
improve quality of life without compromising survival or 
the existing quality of life.

Urinary incontinence in elderly women and men may 
have an etiology related to dysfunction of the bladder or of 
the urethra. In elderly men and women, the age-related 
abnormalities associated with changes in bladder activity 
are similar. In elderly women, SUI due to abnormal sphinc-
ter function is a common cause of incontinence in this 
group. ISD is much more common in elderly women than 
in young women. A combination of urethral function and 
bladder dysfunction may occur in elderly women and is 
referred to as mixed incontinence. Mixed incontinence is 
especially complex and usually much more difficult to treat 
successfully.

The overactive bladder in elderly men is similar to the 
overactive bladder in elderly women. Bladder outlet obstruc-
tion due to BPH is common in elderly men and can be a 
cause of bladder overactivity and UUI. If bladder outlet 
obstruction coexists with UUI in elderly men, surgical man-
agement of the obstruction should be considered if feasible. 
Following surgical management of bladder outlet obstruc-
tion, significant symptoms of overactive bladder usually 
appear but resolve over 2–3 months. If significant symptoms 
continue, cholinolytic drugs such as tolterodine may be used 
to control them. These drugs are contraindicated in the pres-
ence of existing bladder outlet obstruction due to BPH.

Elderly men who have ISD following radical prostatec-
tomy for the treatment of prostate cancer can be treated with 
intraurethral bulking agents such as collagen. Intraurethral 
collagen is usually more successful with patients who expe-
rience mild incontinence. An artificial urinary sphincter is 
usually required for postprostatectomy incontinence that is 
more severe.

Often elderly patients do not complain about the problem 
of incontinence because they are embarrassed about it and 
have lost their self-esteem. It is only after the problem is 

corrected that patients recover their self-esteem and are 
released from their self-imposed social isolation. Such isola-
tion seriously compromises quality of life. For this reason, 
every reasonable treatment option for managing incontinence 
in elderly patients should be utilized to achieve maximum 
improvement in their quality of life.
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The vast majority of human neoplasms appear to be coupled 
with the biology of aging. Over 70% of all cancers will occur 
in individuals over the age of 65 by the year 2030 [1, 2]. The 
age-specific incidence of many different types of cancer 
begin to rise steadily as we mature, and neoplasms arising 
from the kidney and bladder are of no exception. 
Approximately 88,200 men and 40,500 women developed a 
malignancy of the kidney or urinary bladder in 2009 [3]. The 
treatment of these malignancies in the elderly population 
requires careful consideration of factors such as life expec-
tancy, incidence of treatment complications, and quality of 
life. This chapter reviews the incidence of kidney and blad-
der malignancies, the appropriate evaluation in the elderly, 
surgical and medical treatments available to treat the geriat-
ric patient, and the complications associated with treatment.

Renal Cell Carcinoma

Epidemiology and Etiology

Solid neoplastic lesions of the kidney are comprised of both 
benign and malignant pathology. Most solid lesions derived 
from the renal parenchyma are malignant in nature and are 
predominantly renal cell carcinoma (RCC) (80–90%) [4]. 
The most common benign solid lesions of the kidney include 
renal cortical adenoma, metanephric adenoma, oncocytoma, 
and angiomyolipoma. The latter benign lesion is the only 
benign tumor that can be readily distinguished by radio-
graphic imaging from its malignant counterpart. These 
angiomyolipomas are a rare benign clonal neoplasm consist-
ing of adipose tissue, smooth muscle, and blood vessels 
[5, 6]. The presence of even a small amount of adipose tissue 
(fat) on computed tomography (CT) is diagnostic of this 

tumor and can exclude RCC [7]. Since the majority of solid 
renal masses are malignant and very few benign lesions can 
be characterized as noncancerous on imaging, it is the clini-
cal assumption that solid lesions of the kidney are malignant 
until proven otherwise. RCC accounts for 2–3% of all adult 
malignancies and is considered the most lethal of all urologic 
cancers [3]. The majority of RCCs are sporadic in origin 
with hereditary etiologies (von Hippel–Lindau (VHL), 
hereditary papillary renal carcinoma syndrome, etc.) account-
ing for approximately 4% of tumors [8, 9]. RCC is a malig-
nant disease of the elderly, occurring most commonly in the 
sixth and seventh decades of life [2].

Unlike bladder cancer, there are very few accepted envi-
ronmental risk factors for RCC. Tobacco exposure is the only 
accepted factor, with an associated risk as high as 2.5, as 
compared to controls [10]. In contrast, the hereditary forms 
of RCC have given us an understanding of the genetic basis 
of renal carcinogenesis. In many instances, the genes respon-
sible for the hereditary renal cancer syndromes play a role in 
the more commonly seen sporadic counterparts in the elderly. 
The most common variant of RCC is clear cell carcinoma. 
This subtype of RCC is often seen in the autosomal domi-
nant inherited tumor syndrome, VHL disease [11, 12]. 
Molecular investigations have identified the inactivation of 
the VHL tumor suppressor gene located on chromosome 
3p25 as the genetic cause of renal tumorigenesis in this sub-
type [13, 14]. A high percentage of sporadic clear cell renal 
cancer seen in the elderly also demonstrates allelic loss of 
the VHL locus [15, 16]. In a similar fashion, other hereditary 
renal syndromes have revealed the genetic etiology of vari-
ous subtypes of renal cancer (Table 80.1).

Natural History

A thorough understanding of the available knowledge 
regarding RCC behavior is important for treatment decisions 
in the elderly population. This special group of patients may 
have numerous confounding factors such as comorbid 
disease, which can impact life expectancy not related to their 

E.M. Uchio () 
Yale University School of Medicine, 800 Howard Avenue, 3rd Floor, 
New Haven, CT 06519, USA 
e-mail: edward.uchio@yale.edu

Chapter 80
Neoplasms of the Kidney and Bladder

Edward M. Uchio, Juan S. Calderon, and Jonathan J. Hwang 

R.A. Rosenthal et al. (eds.), Principles and Practice of Geriatric Surgery,
DOI 10.1007/978-1-4419-6999-6_80, © Springer Science+Business Media, LLC 2011



1050 E.M. Uchio et al.

diagnosis of RCC. Therefore, it is imperative to understand 
the natural history of this tumor in the geriatric population. 
Although most clinical observations of RCC have been in 
patients in their late decades of life, these investigations do 
not specifically relate biology of tumor to age [17–19]. 
Factors such as tumor stage (Table  80.2) and grade are 
important prognosticators for RCC and can give insight into 
its clinical behavior [20–22]. Despite these important clini-
cal parameters, the natural history of RCC in a particular 
patient can be highly variable. The clinical presentation of 

RCC can vary from an incidentally found solid renal mass 
seen on imaging only to a large rapidly growing mass with 
systemic metastasis. Prior to the advent of imaging tech-
niques such as ultrasonography (US), CT, or magnetic reso-
nance imaging (MRI), most of these kidney cancers were 
detected by clinical symptoms associated with RCC due to 
local tumor growth, hemorrhage, paraneoplastic syndromes, 
or metastatic disease. One prominent symptom, flank pain, 
is usually due to tumor hemorrhage and obstruction of the 
collecting system from clot. But in advanced disease, the 
symptom of pain may be the hallmark of local invasion. The 
classic triad of hematuria, flank pain, and an abdominal mass 
on physical exam is rarely seen in the modern era of advanced 
imaging [23]. Prior to CT and US, many of these elderly 
patients would present with one or more of these symptoms, 
and most were incurable. Patients with advanced disease 
also complained of constitutional symptoms, such as weight 
loss, fever, and night sweats. On physical exam, they were 
often found to have palpable adenopathy, a nonreducing 
varicocele, and bilateral lower extremity edema. These 
tumors were often very large, and up to 25% were associated 
with metastases. Additionally, half of the patients who 
appeared to have organ-confined RCC manifest asynchro-
nous metastatic spread following an attempt at curative sur-
gical extirpation [24]. This malignancy preferentially spreads 
to the lungs, lymph nodes, and bone, although metastatic 
lesions are also found in less common sites such as brain, 
gallbladder, epididymis, and skin. The increasing use of 
noninvasive imaging has shifted the presentation of this dis-
ease from a symptomatic course to that of a disease found 
incidentally in the elderly.

The incidence of RCC has steadily increased during the 
last 3 decades, mainly due to the use of routine abdominal 
imaging for renal-related and nonrenal-related indications 
[25]. Now, most RCCs are detected incidentally as small 
tumors in patients without symptoms. In the early 1970s, the 
incidental detection rate was reported as 7–13%; most were 
for cause, but this percentage has increased to greater than 
50% in recent years [19, 26]. The incidence of asymptomatic 
RCCs detected at autopsy has been reported to be 0.47% [27]. 

Table 80.1  Hereditary renal cancer syndromes – genetic etiology of RCC subtypes

Disease Locus Gene Protein Renal manifestations

von Hippel–Lindau disease (VHL) 3p25 VHL VHL Clear cell carcinoma, simple and 
complex cysts

Tuberous sclerosis complex (TSC) 9q34 TSC1 Hemartin Angiomyelolipoma (most common), renal 
cysts, clear cell carcinoma, papillary 
carcinoma, chromophobe carcinoma

16p13.3 TSC2 Tuberin

Hereditary leiomyomatosis renal 
cell cancer (HLRCC)

1q42-q44 FH Fumarate hydratase Type II papillary carcinoma

Birt–Hogg–Dubé Syndrome (BHD) 17p11.2 BHD Folliculin Chromophobe (34%), chromophobe/
oncocytoma(50%), clear cell carcinoma 
(9%), papillary carcinoma (2%)

Table 80.2  2010 AJCC TNM staging for renal cell cancer

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Tumor 7 cm or less in greatest dimension, limited to the 

kidney
T1a Tumor 4 cm or less in greatest dimension, limited to the 

kidney
T1b Tumor more than 4 cm, but not more than 7 cm in 

greatest dimension, limited to the kidney
T2 Tumor more than 7 cm in greatest dimension, limited to 

the kidney
T2a Tumor more than 7 cm, but less than or equal to 10 cm 

in greatest dimension, limited to the kidney
T2b Tumor more than 10 cm, limited to the kidney

T3 Tumor extends into major veins or perinephric tissues, but 
not into the ipsilateral adrenal gland and not beyond 
Gerota’s fascia

T3a Tumor grossly extends into the renal vein or its 
segmental (muscle containing) branches, or tumor 
invades perirenal and/or renal sinus fat, but not 
beyond Gerota’s fascia

T3b Tumor grossly extends into the vena cava below the 
diaphragm

T3c Tumor grossly extends into the vena cava above  
the diaphragm or invades the wall of the vena  
cava

T4 Tumor invades beyond Gerota’s fascia (including contigu-
ous extension into the ipsilateral adrenal gland)

Source: Used with permission of the American Joint Committee on 
Cancer (AJCC), Chicago, IL, USA. The original source for this mate-
rial is the AJCC Cancer Staging Manual, Seventh Edition (2010) pub-
lished by Springer Science and Business Media LLC, http://www.
springer.com
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The natural history of these neoplasms has not been 
investigated adequately, especially that of an incidentally 
found small renal mass. However, retrospective studies by 
Bosniak et al. suggest that small solid renal masses <3.5 cm 
at the time of diagnosis grow slowly (0.36  cm/year) and 
rarely metastasize [17, 18]. More recently, 32 renal masses in 
mainly elderly patients (median age 71 years) who refused or 
were deemed unfit for surgery were followed for a median of 
27.9 months. The growth rate of these masses did not differ 
statistically from zero growth. Only one-third of these pre-
sumed RCCs were shown to grow if managed conservatively 
and followed serially. The growth rate is slow or undetect-
able in the majority of patients [19, 28]. In other series of 
active surveillance of renal masses in elderly patients with 
multiple medical comorbidities, investigators found that 43% 
of tumors exhibited no tumor growth at a median follow-up 
of 2 years. At the conclusion of the study, 31% of the patients 
were deceased, none due to RCC [29]. These data would 
suggest that conservative management of renal masses may 
be a possibility, especially for an initial observational period 
in the elderly population. The optimal duration of this obser-
vational period still is not known. Although the previous 
studies have revealed that conservative management of RCC 
is possible in select elderly populations, the physician and 
patient assume a calculated risk when following these tumors. 
All of the conservative management series with longer fol-
low-up had a small but not insignificant risk of metastatic 
disease and cancer-associated death. This group of patients 
who did poorly did not have any characteristic such as tumor 
size that portended an unfavorable prognosis [30]. Current 
guidelines for small renal masses <7 cm include active sur-
veillance (AS) as an option, but all require careful counsel-
ing between the patient and physician, regarding the risks of 
this approach and the risk for a future intervention if the 
tumor shows rapid growth [31].

Management

Management of renal cancer in the elderly may be a very 
complex decision process. Treatments must incorporate con-
cerns about efficacy, comorbid illnesses, and complications, 
as well as physiologic effects on renal function and compet-
ing causes for future mortality. Surgery remains the mainstay 
for curative management of localized RCC. The foundation 
of surgical therapy for renal cancer is complete excision of 
all neoplastic tissue with an adequate surgical margin. This 
objective may be obtained by either complete removal of the 
kidney (radical nephrectomy) or via a nephron-sparing surgi-
cal approach (partial nephrectomy). In addition, many newer 
minimally invasive techniques have gained popularity, such 
as cryotherapy or radiofrequency ablation (RFA). These new 

thermal ablative techniques can be applied during standard 
open or laparoscopic surgery but are better suited to a percu-
taneous approach under radiologic guidance (CT or MRI). 
When performed via the latter technique, a potentially cura-
tive treatment can be applied to a completely different patient 
demographic. Those with significant comorbid illnesses that 
were previously deemed unsuitable for surgical management 
can now be given treatment with curative intent, under local 
anesthetic or minimal sedation. Lastly, as described in the 
previous section, active surveillance may be an option espe-
cially for those elderly individuals with significant competing 
risk factors for non-RCC-related mortality. Renal biopsy may 
help delineate the natural history of RCC in this nontreatment 
group, to help identify aggressive renal cancers from those 
with minimal growth and metastatic potential [30].

Radiologic Evaluation

The current radiologic modalities used to diagnose and eval-
uate renal masses include intravenous pyelography (IVP), 
renal ultrasound (US), CT, and MRI. In the past, the standard 
IVP was a commonly used test for the evaluation of hematu-
ria. However, due to the lack of sensitivity and specificity for 
the detection of renal parenchymal tumors, this technology 
has been supplanted by multidetector computed tomography 
urography (CTU), for the evaluation of hematuria [32]. Many 
renal masses found today are detected by the widespread use 
of US and CT scans, for the evaluation of abdominal and 
gastrointestinal complaints [25]. More than 70% of these 
asymptomatic renal masses are found to be simple cysts. The 
prevalence of benign renal cysts increase with age and are 
found in over 50% of patients older than 50 years of age, thus 
a significant finding in the elderly [33]. These lesions are 
easily characterized by US and CT, and the most common 
“simple” variety requires no further workup or surveillance 
[34]. A dedicated renal protocol CT, which entails thin-slice 
images through the kidney with and without administration 
of contrast, is the single most important radiologic test to 
evaluate for RCC. Any renal mass with enhancement charac-
teristics of more than 15 Hounsfield units (HU) after admin-
istration of contrast material should be considered an RCC, 
until proven otherwise (Fig. 80.1) [35]. In the past, gadolin-
ium-enhanced MRI was an excellent modality equal to con-
trast-enhanced CT that was utilized extensively for patients 
with renal insufficiency, a significant problem in the elderly 
population. The gadolinium-based contrast agent (GBCA) 
used in MRI lacks significant nephrotoxicity [36]. 
Unfortunately, recent evidence has shown an association of 
nephrogenic systemic fibrosis (NSF), a debilitating and 
potentially life-threatening disease, with the use of GBCA in 
renal failure patients [37]. Due to this finding, many centers 
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have limited the use of gadolinium-enhanced MRI to patients 
with a glomerular filtration rate (GFR) >30 mL/min and have 
avoided gadodiamide, a commonly used type of GBCA [38, 
39]. The resulting problem is how to adequately image an 
elderly patient with poor renal function (GFR < 30 mL/min). 

Currently, this involves informing the patients regarding the 
potential risks of gadolinium-enhanced MRI versus perform-
ing a standard CT with iodinated contrast media and under-
standing the risk of contrast medium nephropathy of 5% 
in  patients with a GFR between 15 and 40  mL/min [40]. 

Figure 80.1  Computed 
tomography (CT) of renal cell 
carcinoma. (a) Axial (b) Sagittal 
(c) Coronal (d) 3D (e) Specimen.
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The use of newer macrocyclic GBCAs may obviate this 
concern regarding renal function and the development of 
NSF [41]. These agents by nature of their chemical structure 
are less likely to release free gadolinium into the tissues, a 
hallmark of NSF.

Radical Nephrectomy

The radical nephrectomy with en bloc removal of the affected 
renal unit outside of Gerota’s fascia and excision of the ipsi-
lateral adrenal gland, as described by Robson and colleagues, 
is established as the “gold standard” curative procedure for 
localized RCC [42]. The procedure also includes removal of 
the lymphatic tissue in the renal hilar area and immediately 
adjacent paracaval or paraaortic lymph nodes. Regional 
lymph node metastasis is an important prognostic factor usu-
ally associated with poor survival [43]. The need for a com-
plete regional lymphadenectomy from the crus of the 
diaphragm to the aortic bifurcation remains controversial. 
The lymphatic drainage of the kidney is highly variable, and 
metastasis often occurs through the bloodstream. Only a 
small percentage (<2–3%) of patients with micrometastatic 
disease would benefit from this added procedure, and the 
main benefit is local recurrence without an augment in sur-
vival [44–46]. Therefore, the surgeon performing a radical 
nephrectomy in an elderly patient may consider omission of 
the extended regional node dissection, to minimize morbid-
ity of the procedure. In addition, another variable in this 
curative procedure is the choice of surgical incision, which 
can affect morbidity in the elderly.

The radical nephrectomy can be performed through a 
variety of surgical incisions. The surgical approach is deter-
mined by a variety of factors, which include size and loca-
tion of the tumor, body habitus, history of previous abdominal 
surgeries, and morbidity of the patient, which is important in 
the elderly population. This operation is usually performed 
through a transabdominal approach, which allows abdomi-
nal exploration for metastatic disease and early visualization 
of the renal vasculature with minimal mobilization of the 
tumor. The principal disadvantage of this approach is a 
slightly longer postoperative ileus and possible long-term 
complications related to adhesions. Other approaches include 
the flank incision, most commonly at the eleventh and twelfth 
rib, and a thoracoabdominal incision. The flank incision is 
an extraperitoneal approach that may be beneficial in the 
elderly or in patients with poor surgical risk, but exposure of 
the renal vasculature is limited especially in large tumors. 
The thoracoabdominal incision extends from the flank ante-
riorly, involving an incision through the diaphragm. This 
approach allows excellent visualization of the tumor and 
vessels but often requires placement of a tube thoracostomy 

for management of the consequent pneumothorax. Although 
large RCCs may be removed from this incision, the postop-
erative morbidity is high and should be avoided in patients 
with poor pulmonary function, and is rarely indicated in the 
elderly.

The cancer-specific survival following this procedure is 
dependent on a number of variables, with pathologic stage 
proving to be the single most important prognostic factor for 
RCC [21, 47]. Approximately 70–90% of patients with 
organ-confined RCC (TNM stage T1-2) are alive without 
disease at 5 years [21, 48–50]. Survival decreases signifi-
cantly once the tumor is locally advanced or when lymphatic 
and systemic metastases are discovered, with a 5-year sur-
vival of <20% [50]. Importantly, the absence of effective 
chemotherapeutic agents in the adjuvant setting for RCC 
increases the need for complete surgical excision for cure. 
Oral tyrosine kinase inhibitors (TKI) targeting the mediators 
in the VHL pathway are currently being studied in the adju-
vant setting for high risk disease [51]. The antitumor effects 
of these targeted agents in metastatic disease may prove to be 
a benefit in this setting. The side-effect profile is very favor-
able when compared to classic chemotherapeutic agents 
which is important when considering use in the elderly.

Laparoscopic Radical Nephrectomy

The first laparoscopic radical nephrectomy (LRN) was 
performed by Clayman and coworkers in 1991 on an 85-year-
old woman with a right renal cancer [52]. Since that initial 
report, laparoscopic nephrectomy for both benign and malig-
nant disease has become the standard of care at most centers. 
This minimally invasive surgery is associated with less post-
operative discomfort and improved recovery, and costs com-
pare favorably with the open approach [53]. LRN has 
emerged as a less morbid alternative to open surgery for most 
tumors (<10 cm) with no local extension. Outcome data for 
5- and 10-year cancer-specific survival are comparable with 
open radical nephrectomy in the treatment of organ confined 
RCC [54, 55]. These results are not unexpected given the 
same technique of open radical nephrectomy is emphasized 
laparoscopically but with the benefits of decreased postop-
erative morbidity. A variety of approaches are utilized lap-
aroscopically which include transperitoneal, retroperitoneal , 
and hand-assist approaches, each dependent on the skill and 
comfort level of the surgeon.

In the elderly population, this technique is attractive due 
to the decreased convalescence and pain associated with 
LRN. The latter benefit results in a substantially diminished 
requirement for narcotic analgesia, and in some patients, its 
use can be completely avoided with the addition of ketorolac 
[56]. These benefits have been shown to result in improved 
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pulmonary function among patients treated by LRN as 
compared to the open counterpart, suggesting that that this 
procedure may be particularly useful in patients with poor 
pulmonary reserve [57]. One exception is the patient with 
severe chronic obstructive pulmonary disease with CO

2
 

retention. These patients may develop significant hypercar-
bia or acidosis and will require close monitoring. Some sur-
geons avoid this situation by using alternate gases such as 
helium or argon [58]. Lai and coinvestigators attempted to 
address the comparative morbidity of the LRN in patients of 
age 70 and over to those under age 70 [59]. In this series, 
complications rates were the same in both groups, and the 
only difference was in hospital stay by 1 day (age >70 group). 
When this procedure was performed purely laparoscopically 
(no hand-assist), this difference was mitigated.

Nephron-Sparing Surgical Therapy

Postoperative morbidity of radical nephrectomy includes 
renal dysfunction in the both the short- and long-term set-
ting. This occurrence has prompted surgeons to investigate 
alternatives to complete removal of the kidney, especially in 
the patient with a solitary kidney, impaired renal function, or 
those that present with bilateral renal masses. In the past, 
parenchymal-sparing partial nephrectomy was performed 
only for the above reasons due to concerns about incomplete 
resection and recurrence. In addition, the renal transplant lit-
erature concerning donor nephrectomy (patients with a nor-
mal contralateral kidneys) have shown that donors do not 
have a higher rate of kidney failure during their lifetime [60]. 
However, distinct differences exist between donors and RCC 
patients. Renal donors tend to be carefully selected for medi-
cal comorbidities and are generally young (age 40 or less) 
[61]. A recent study by Bijol et al. demonstrated a far greater 
degree of underlying chronic renal disease in RCC patients 
undergoing surgery than what has been previously appreci-
ated [62]. Only 10% of patients had completely normal adja-
cent renal tissue in the kidney tumor specimen; most had 
evidence of significant intrinsic renal abnormalities (diabetic 
nephropathy, glomerular hypertrophy, mesangial expansion, 
and diffuse glomerulosclerosis). These changes are reflected 
in the renal function of RCC patients who choose complete 
nephrectomy. A landmark study by Huang et al highlighted 
the impact of radical nephrectomy on future renal function. 
The incidence of chronic kidney disease (stage 3) was much 
higher in patients who underwent radical nephrectomy (65%) 
than after partial nephrectomy (20%) [63]. These data high-
light the importance of considering partial nephrectomy even 
with a normal contralateral kidney.

The classic partial nephrectomy for RCC involves remov-
ing the tumor with an adjacent 1 cm margin. A margin this 

size is easily obtainable for exophytic tumors but is not 
technically feasible for neoplasms located intraparenchy-
mally or near the renal sinus/vasculature. More contemporary 
data has shown that a histologic tumor-free margin is more 
important; the width of the resection margin has no biologic 
or prognostic significance [64]. Partial nephrectomy is now 
considered an acceptable therapeutic approach in patients 
with a single, small T1a (<4 cm) RCC and a normal contral-
ateral kidney. Multiple studies have established that partial 
nephrectomy for neoplastic lesions <4 cm provides equiva-
lent tumor control compared to radical nephrectomy [65, 66]. 
In an elderly patient, the choice of a partial nephrectomy is an 
accepted practice to avoid chronic renal dialysis, as discussed 
earlier. However, in the setting of a normal contralateral kid-
ney, one must weigh the additional risk of complications 
unique to this procedure. These include increased bleeding, 
urinary fistula, positive margins, local recurrence, arterio-
venous fistula, and nonfunction of the remaining portion of 
the kidney. Stephenson et al. attempted to address the issue of 
comparative morbidity in 1,049 patients who underwent radi-
cal nephrectomy or partial nephrectomy [67]. The complica-
tion rate when adjusted for other variables was not statistically 
different between the two groups, but the partial nephrectomy 
group had more procedural complications due to urinary leak. 
Overall, the complications of both groups were very minimal. 
A more recent trend has been to perform partial nephrectomy 
via the laparoscopic approach. Highly specialized centers 
have extended this procedure even to the octogenarian popu-
lation with promising results [68]. The long-term benefit of 
this more technically demanding procedure for an elderly 
patient with RCC is uncertain, especially when performed 
outside centers of excellence.

Thermal Ablative Therapies

In the preceding chapter, nephron-sparing surgery has been 
shown to be effective in the treatment of RCC while maxi-
mally preserving renal function. However, this procedure 
even when performed laparoscopically requires general 
anesthesia with its associated risks. Many elderly patients 
with RCC have significant comorbidities that make them 
poor surgical candidates. This group of patients is often 
treated conservatively with active surveillance and not given 
an option for curative treatment. It is assumed that the patient 
will most likely have a non-RCC mortality. With improve-
ments in health care, these elderly patients are living longer 
which would allow a subset of these RCCs to grow and 
metastasize. In addition, many elderly patients are very anx-
ious about not treating RCC in their kidney, especially for 
such a chemo-/radiation-resistant tumor. Thermal ablative 
therapies are a minimally invasive option for curative 
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treatment of RCC. These modalities include renal cryotherapy, 
RFA, and high-intensity focused ultrasound (HIFU); all are 
different forms of ablative energy focused on the renal lesion. 
HIFU is currently not FDA-approved in the United States but 
has ongoing clinical trials regarding its use, mainly in pros-
tate cancer. Both cryotherapy and RFA use needles to trans-
mit their energy to the tumor and can be placed percutaneously 
or through laparoscopic exposure. The percutaneous 
approach can be performed with local anesthetic alone or 
with intravenous sedation which would allow most patients 
who are poor surgical risks a chance at curative treatment. 
These focused thermal ablative therapies allow RCC treat-
ment with minimal morbidity while maximizing posttreat-
ment renal function.

Percutaneous thermal ablative therapies are performed 
with image guidance: CT, MRI, and ultrasound. The most 
important principle in all the described therapies is precise 
localization and treatment application of the energy. In this 
regard, cryotherapy has an advantage because the treatment 
area or “iceball” is easily visualized on imaging unlike RFA. 
In fact, early reports suggested that tumor kill was not as reli-
able with RFA when compared to cryoablation [69–71]. The 
authors have experience with both modalities and are now 
exclusively using cryoablation for the aforementioned bene-
fit in visualization. Between 2005 and 2009, we have treated 
33 consecutive renal masses in a total of 29 patients with 
percutaneous CT-guided cryoablation performed in an out-
patient basis with local anesthetic and minimal sedation 
(Fig. 80.2). All renal masses were able to be treated despite 
location; novel techniques were utilized to access lesions in 
close proximity to adjacent vital organs. At a mean follow-up 
of 22 months, 96% of lesions were successfully treated in 
one treatment session, as verified by lack of contrast enhance-
ment on postprocedure CTs. There were no major complications; 

the only minor complication was postprocedure site pain 
in one patient which resolved spontaneously. Elderly indi-
viduals who are poor surgical candidates or choose not to 
undergo surgery can safely be treated with renal cryoablation. 
Although intermediate-term data looks promising regarding 
the efficacy of this procedure, longer term follow-up is still 
needed. The elderly must be counseled carefully when choos-
ing thermal ablative therapies.

Management of Advanced RCC

Up to 30% of patients with RCC have metastatic disease at 
presentation and recurrence develops in approximately 40% 
of patients treated for localized disease [72]. These elderly 
individuals with advanced RCC are unlikely to benefit from 
surgical therapy unless a radical nephrectomy is performed 
for palliative intent. Therefore, systemic agents offer the 
most rational treatment options for older patients with this 
disease. Although categorical recommendations for the ther-
apy of cancers based on chronologic age are neither appro-
priate nor reasonable, many decisions for or against 
administration of systemic therapy are often based on the age 
of the individual. Variability among aging individuals with 
regard to physiologic senescence and comorbidities suggests 
that a more practical approach for the clinician is the use of 
guidelines and performance scores to assess the elderly 
patient’s functional and physiologic tolerability for poten-
tially toxic therapy.

First, it is important to define those who are considered 
elderly. Without readily usable markers of a patient’s physi-
ologic age, Balducci recommended that the clinician consider 
those individuals over 70 years as elderly and should undergo 

Figure 80.2  Percutaneous cryotherapy. (a) Cryotherapy Unit in CT Suite (b) Cryotherapy probes in L renal mass.
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some form of geriatric assessment [73]. These individuals 
have an increased occurrence of the following: decreased 
musculoskeletal mass, functional limitations, geriatric syn-
dromes (dementia, malnutrition, polypharmacy, incontinence, 
delirium), and multiple comorbidities. Minimizing the occur-
rence of side effects from chemotherapeutic drugs in the 
elderly requires careful clinical assessment for functional 
ability and preexisting neuropathy, cardiac/hepatic/renal 
function, bone-marrow reserve, nutrition, polypharmacy, and 
cognitive function. Interventions should include adjusted 
doses of renally excretable agents to GFR, use of support 
agents such as growth factors and cytoprotective agents when 
indicated, appropriate nutritional support, and the preferen-
tial use of safer agents when indicated [74].

Traditional cytotoxic chemotherapeutic agents and hor-
monal therapies have been ineffective in the treatment of 
metastatic RCC. The overall response rate was very low, 
usually much less than 15% [75]. Milowsky and Nanus 
reviewed the chemotherapeutic strategies for RCC; they con-
cluded that most single-agent chemotherapy trials have been 
disappointing. There was modest enthusiasm for combina-
tion chemotherapy, especially with gemcitabine and capecit-
abine [76]. Recently published trials of their use showed 
minimal response rates of only 11–16% with significant tox-
icity [77]. These chemotherapeutic agents likely have no role 
in the elderly patient in light of these findings.

Until recently, systemic treatment for metastatic RCC was 
limited to cytokine therapy, which has been the standard of 
care for over 15 years. The basis of this treatment was built 
on observations that spontaneous remission of RCC occurred, 
although infrequently, in individuals with metastatic disease 
who underwent nephrectomy. Cytokine therapy, or immuno-
therapy for metastatic RCC consists mainly of two agents, 
interleukin-2 (IL-2) and interferon-a (IFN). Various combi-
nations and dosages of IL-2 and IFN have been studied in 
randomized trials for metastatic, recurrent, and unresectable 
RCC. These studies have suggested that high-dose IL-2 
results in higher response rates when compared to low-dose 
IL-2 and other cytokines [78–80]. The benefit of high-dose 
IL-2, as compared to even current systemic therapies, is that 
this drug is the only one shown to produce durable complete 
remissions [80]. Therefore, in the very select elderly patients 
with excellent performance status and low volume disease 
who have undergone a cytoreductive nephrectomy, one may 
consider the use of high-dose IL-2. The use of immuno-
therapy for advanced RCC in the aged must be approached 
cautiously due to the significant toxicities associated with 
its use.

Improved understanding of the biology of RCC, espe-
cially through the VHL pathway [9], has led to the many 
“targeted therapies” for treatment of metastatic kidney can-
cer. Over the last few years, systemic treatment options 
have improved dramatically due to the introduction of 

broad-spectrum receptor TK, vascular endothelial growth 
factor (VEGF) antibodies, and mammalian target of rapamy-
cin (mTOR) inhibitors. These agents have shown impres-
sive antitumor activity and improved survival rates when 
compared to cytokine therapy [72, 81, 82]. Since 2005, two 
broad-spectrum TKIs (sunitinib malate and sorafenib tosy-
late), one mTOR inhibitor (temsirolimus), and one VEGF 
antibody (Bevacizumab) in combination with interferon, 
have been approved for the treatment of advanced RCC. In 
addition, another mTOR inhibitor (everolimus) has received 
FDA approval for patients with advanced RCC after failure 
of treatment with sorafenib or sunitinib, i.e., second-line 
therapy [83].

Sunitinib is well tolerated when compared to IFN and has 
become standard first-line therapy for metastatic RCC. In its 
phase III trial, treatment-related grade 3 or 4 fatigue was 
higher with interferon (12% versus 7%), but patients treated 
with sunitinib had higher rates of diarrhea, vomiting, hyper-
tension, and hand–foot syndrome [72]. In addition, recent 
data from an expanded access trial has revealed that sunitinib 
is safe and efficacious in subgroups of patients including 
those with poor performance status [84]. These findings have 
made sunitinib standard therapy for metastatic RCC in the 
elderly. All targeted agents can be used in the elderly meta-
static patient with consideration of the caveats mentioned 
earlier (careful evaluation, GFR dose adjustment, use of 
growth factors, etc.) to minimize the side effects and improve 
the tolerability of toxic systemic therapy.

Transitional Cell Carcinoma of the Bladder

Few conditions illustrate the link between cancer and aging 
better than transitional cell carcinoma of the bladder (TCC). 
The incidence of bladder cancer peaks at 85 years of age, 
according to a recent California tumor registry study [85]. 
As one ages, the risk for higher stage and grade disease 
increases. This raises the probability of developing invasive 
cancer and therefore affecting survival [86–88]. The basis 
for this phenomenon has triggered molecular research aim-
ing to explain the influence of biological changes associ-
ated with the aging processes on the development and/or 
progression of TCC.

Transitional cell carcinoma of the bladder represents a 
broad spectrum of pathologic processes, extending from 
indolent low-grade papillomas to invasive poorly differenti-
ated tumors with rapid metastatic capability. Age and perfor-
mance status play a major role in the election of therapy and 
outcomes. Therefore, successful management of TCC of the 
bladder in the elderly patient requires an understanding of 
the natural history of TCC and the quality-of-life implica-
tions of each therapeutic approach.
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Diagnosis

Bladder cancer represents an important consideration in the 
differential diagnosis of voiding complaints in the elderly 
individual. The presence of a neoplastic lesion within the 
bladder may be heralded by irritative symptoms such as uri-
nary urgency, frequency, or dysuria. Hematuria, micro-
scopic or gross, may also announce the existence of 
malignant bladder lesions. It has been estimated that 5–15% 
of patients, predominantly men, with hematuria harbor 
unsuspected bladder cancer [89]. Despite this, testing for 
hematuria cannot be recommended as a screening test for 
bladder cancer in the elderly population. In a study of 2,356 
asymptomatic men aged ³60 years who underwent dipstick 
testing for hematuria, only 0.7% of the screened population 
were found to have a bladder tumor [90]. The 2008 US 
Preventive Services Task Force found no high quality evi-
dence that screening would impact mortality from bladder 
cancer. Although screening for TCC specifically is not rec-
ommended, many patients do routinely have urinalysis for 
the above symptoms or by their primary-care physician. 
Any asymptomatic hematuria (>3 red blood cells per high 
power field) requires urologic evaluation. A standard 
workup for TCC includes urinalysis, urine cytology, and 
cystourethroscopy. Additionally, a radiographic evaluation 
of the upper urinary tract is also indicated with conventional 
excretory urography or with the more contemporary com-
puted tomography (CT) urography [91]. The cost implica-
tions of this approach, given the incidence of voiding 
symptoms and hematuria, are obvious. In the absence of a 
clear etiology such as infection, it is difficult at the present 
time to identify a subpopulation of patients not requiring a 
cancer evaluation.

Basic Science and Natural History

Epidemiologic and experimental evidence favors a strong 
role for environmental exposure as an etiology of bladder 
cancer in the elderly. However, since many cases arise in 
patients with no obvious exposure, it is important to under-
stand the molecular basis of this disease. Well-recognized 
DNA alterations, such as the p53 tumor-suppressor gene, 
seem to be responsible for the initiation and promotion of 
many human cancers including bladder cancer [92]. A recent 
study showed that the p53 transcriptional activity and p53-
dependent apoptosis was significantly decreased in older 
mice compared to younger mice [93]. In addition to p53, 
mutational frequency (Mf ) studies have also provided new 
insights on how age-related changes may contribute to the 
development of bladder cancer later in life. Stuart et al. found 
a greater rate of Mf in the bladder of old transgenic mice 

compared to other tissues examined in the same mouse model 
[94]. Further analysis revealed that this phenomenon was the 
result of accumulated mutations through replication during 
the lifetime of the mouse, rather than repeated insults associ-
ated with the aging process. Another mechanism that may be 
affected in the elderly involves gene transcription. Promoter 
regions of tumor suppressor genes can be silenced through 
DNA hypermethylation resulting in unchecked cellular rep-
lication [95]. This epigenetic alteration has been intensively 
studied in the past. CpG hypermethylation has been detected 
in 43% of aggressive bladder tumors and only seen weakly in 
normal epithelium which increases with age [96, 97]. Finally, 
a study by Gu et al. reported that advanced age was associ-
ated with decreased expression levels of mRNA of the four 
major mechanisms assuring genomic stability [98]. The pro-
tective mechanisms studied were p53, ataxia telangiectasia 
mutated (ATM), telomerase reverse transcriptase (hTERT), 
and telomeric repeat binding factor-2 (TRF2). These studies 
support the hypothesis that particular regions of the human 
genome are more susceptible to age-related DNA damage. 
And, within those regions, important genes, especially those 
involved with protection of genomic integrity, may be altered 
which ultimately results in bladder cancer.

The most important epidemiologic risk factors associated 
with urothelial carcinoma are chemical carcinogens, which 
are derived from tobacco products or a spectrum of industrial 
and environmental agents (see Table 80.3). Transitional cell 
carcinoma of the bladder represents a broad spectrum of 
pathologic processes, thus preventing a linear description of 
the natural history of this disease. To better understand the 
development and progression of TCC, it is important to make 
a distinction between superficial or nonmuscle invasive blad-
der cancer and invasive carcinoma. Superficial TCC exhibits 
an overall low risk of progression (to a life-threatening can-
cer), but recurrences are very frequent. A minority of these 
recurrences may eventually progress into high-grade disease, 

Table 80.3  Identified and potential etiologic agents for transitional cell 
carcinoma

Established risk factors
Cigarette smoking (black tobacco higher than blond tobacco) [167, 168]
Phenacetin-containing analgesics [169–171]
Aromatic amines (painters, rubber industry workers) [172–174]
Leather workers
Cyclophosphamide (cumulative dose) [175, 176]
Ionizing radiation [177, 178]
Chronic cystitis [179, 180]

Potential risk factors
Coffee drinking (large amounts, 7–10 cups a day) [181, 182]
Hair dyes exposure (hairdressers) [183]
Artificial sweeteners (saccharin, cyclamates, only in rats) [184]
Chlorinated water [185]
Arsenic (in drinking water) [186]
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which can then be locally invasive. A retrospective review of 
761 patients with superficial bladder cancer treated with 
endoscopic surgical extirpation alone found that only 7% 
died of bladder cancer, while 15% died from other causes 
[99]. The management of high-grade/invasive disease in the 
elderly is costly and challenging (over $35 million per year) 
[100]. Treatment options for patients with muscle-invasive 
disease or recurrent high-grade superficial disease include 
cystectomy (with or without chemotherapy), radiation and 
chemotherapy (bladder sparing therapy), and a palliative 
approach. It is important to understand the difference between 
a superficial and invasive lesion when considering treatment 
of a geriatric patient with bladder cancer. The staging system 
for a primary bladder TCC is shown in Table 80.4 [22].

Superficial Transitional Cell Carcinoma

Approximately 75–80% of all bladders TCCs are classified 
initially as nonmuscle invasive or superficial. This group of 
lesions encompasses indolent papillary lesions confined to 
the urothelium with high recurrence frequency (stage Ta), a 
poorly differentiated flat cancer called carcinoma in situ 
(CIS) with higher invasive potential (Tis), and neoplasms 
invading the lamina propria of the bladder wall (stage T1). 
Information regarding the recurrence and possible progres-
sion of superficial TCC is available after a complete tran-
surethral resection of the bladder tumor (TURBT) has been 
performed. The pathologic specimen allows incorporation of 
information regarding the depth of invasion, histologic 

grade, and presence or absence of multicentric disease. The 
remainder of this discussion refers to the biologic behavior 
of each of these lesions in elderly patients.

Stage and histological grade are central determinants of 
the disease-specific outcome for superficial TCC [101]. In 
general terms, a stage Ta lesion exhibits a 50–90% recur-
rence rate at 5 years with a 2–25% rate of progression to 
muscle-invasive disease [102–104]. Within this same cate-
gory (Ta), pathologic grade-1 and 2 cancers exhibit a recur-
rence rate of approximately 30%, whereas grade-3 lesions 
recur in over 70% of cases, exemplifying the importance of 
histologic grade. Many studies have analyzed large retro-
spective series in an attempt to stratify patients according to 
their risk of disease recurrence and progression [105–107]. 
The presence of any feature displayed on Table 80.5 is asso-
ciated with an increased risk of recurrence or progression. 
This is encouraging for the geriatric patient with comorbidi-
ties who does not present with these risk factors, since they 
can be managed conservatively. This would involve intermit-
tent resection or even fulguration of recurrent lesions with-
out any additional treatments. In this context, patients who 
do not develop another tumor within 3 months of the initial 
resection for TCC have an 80% probability of never demon-
strating another tumor in the bladder [102]. However, patients 
who experience ten or more recurrences exhibit a high rate of 
progression and death from TCC [108]. Therefore, in this 
instance, the conservative algorithm for stage Ta TCC with 
endoscopic resection alone should be complemented by 
intravesical therapy.

CIS presents as a flat formation of poorly differentiated 
TCC confined to the mucosal surface of the bladder. This CIS 
lesion (Tis) may appear as a solitary primary lesion or accom-
panied by another form of TCC. It has been suggested that 
the presence of Tis in the mucosa adjacent to a Ta or T1 tumor 
increases the risk for muscle-invasive disease [109, 110]. Tis 
may also display a diffuse involvement of the mucosa and 
extend into the distal ureters or prostatic ducts. This pattern 
of superficial spread is associated with particularly aggres-
sive disease, with 60–80% progressing to invasive cancer 
[111, 112]. Common presenting manifestations of CIS 
include severe irritative voiding symptoms and hematuria. 
But, many of these patients may be relatively asymptomatic 

Table  80.4  2010 TMN staging system for carcinoma of the urinary 
bladder: primary cancer

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Ta Noninvasive papillary carcinoma
Tis Carcinoma in situ: flat tumor
T1 Cancer invades subepithelial connective tissue
T2 Tumor invades musclularis propria

T2a Tumor invades superficial muscularis propria (inner half)
T2b Tumor invades deep muscularis propria (outer half)

T3 Tumor invades perivesical tissue
T3a Microscopically
T3b Macroscopically (extravesical mass)

T4 Tumor invades any of the following: prostatic stroma, 
seminal vesicles, uterus, vagina, pelvic wall, and 
abdominal wall

T4a Tumor invades prostatic stroma, uterus, and vagina
T4b Tumor invades pelvic wall and abdominal wall

Source: Used with permission of the American Joint Committee on 
Cancer (AJCC), Chicago, IL, USA. The original source for this mate-
rial is the AJCC Cancer Staging Manual, Seventh Edition (2010) pub-
lished by Springer Science and Business Media LLC, http://www.
springer.com

Table 80.5  Features associated with an increased risk of recurrence or 
progression

Multiple papillary recurrences (two or more in a given year)
More than three lesions or any tumor >3 cm in diameter, sessile or with 

a thick stalk
Invasion of the lamina propria (T1 tumor) or poorly differentiated 

histology (grade 3)
Incomplete resection due to diffuse bladder involvement and/or 

unfavorable location
Diffuse Tis alone or in association with papillary tumors
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with only an abnormal finding on urine cytology. Tis lesions 
have demonstrated a recurrence rate ranging from 63 to 92% 
after resection and intravesical chemotherapy [113]. In addi-
tion to recurrence, the literature supports an especially high 
rate of progression to invasive disease after endoscopic resec-
tion [114]. Therefore, patients with primary or concomitant 
Tis cannot be treated with endoscopic resection alone, regard-
less of their age. Intravesical therapy should be used in con-
junction with TURBT. If this combination therapy fails to 
control the disease, cystectomy should be considered in the 
elderly individual with a good performance status [115].

The final type of superficial TCC is a lesion that invades 
the lamina propria of the bladder wall but not the muscularis 
propria. This stage T1 lesion exhibits a high rate of recur-
rence (67–81%) and progression (12–49%). Patients pre-
senting with this stage disease have a cancer-specific 
mortality ranging from 17 to 71% [114]. Virtually, all of 
these tumors are of high grade and require therapy beyond 
standard endosurgical resection due to the risk of progres-
sion [116]. T1 tumors are often treated adjuvantly with instil-
lation of chemotherapeutic or immunotherapeutic agents in 
addition to endoscopic ablation. The intravesical instillation 
of Bacillus Calmette–Guérin (BCG) has been shown to be 
efficacious in reducing the recurrence rate by 30–40% [117, 
118] and may also reduce progression of T1 tumors [119]. In 
a series of 86 patients with T1 tumors, a complete response 
of 91% was demonstrated for the combination of TURBT 
and intravesical BCG [120]. However, chemotherapy (mito-
mycin, thiotepa, etc.), on the other hand, has not reliably 
demonstrated an effect on progression [121]. Elderly indi-
viduals with significant comorbidities and solitary T1 dis-
ease may comprise a subpopulation of patients for whom 
endoscopic resection may be adequate. One study evidenced 
curative rates of 40% for stage T1 TCC, particularly grades 
1 and 2, with a single resection and confirmation of complete 
removal of the lesion on a repeat bladder biopsy [122]. 
Nevertheless, intravesical immunotherapy in addition to 
TURBT should be standard practice for T1 lesions in the 
geriatric population given the high risk for progression and 
recurrence. One must also verify the lesion to be a true T1 
lesion by a repeat resection even when muscle is present in 
the initial biopsy specimen [123]. Patients who present with 
recurrent T1 disease within 6 months to 1 year after resec-
tion or after one or two courses of BCG should be considered 
for radical cystectomy [124, 125]. Alternatively, an aggres-
sive approach of early cystectomy for de novo T1 disease has 
been advocated by one study that compared this approach 
versus cystectomy for a recurrent T1 lesion. The results sug-
gested that immediate cystectomy at the time of initial diag-
nosis of a T1 cancer can improve survival [126]. The selection 
of an adequate therapeutic plan for an elderly patient with T1 
TCC must involve performance status, comorbid illness, and 
impact of the treatment on their quality of life.

Intravesical Therapy

Intravesical therapy permits high local concentrations of a 
chemotherapeutic or immunotherapeutic agent within the 
bladder to eradicate residual tumor cells that remain viable 
after TURBT, thus preventing recurrence. Conceptually, this 
application is provided after complete resection as a specific 
strategy against recurrence or progression. Less commonly, 
intravesical therapy is instituted for residual tumor following 
incomplete TURBT. These instilled agents may cause symp-
toms of bladder irritation as a side effect. Furthermore, sys-
temic absorption can occur if the bladder mucosa is damaged 
and results in systemic toxicity. Treatments, therefore, are 
generally initiated 2–4 weeks after tumor resection, allowing 
the reepithelialization of the bladder mucosa.

The most commonly used agent for intravesical therapy is 
Bacillus Calmette–Guerin (BCG). A number of other agents 
also have activity, including mitomycin, the anthracyclines, 
thiotepa, gemcitabine, interferon, and docetaxel [127]. Many 
prospective trials have compared these other intravesical 
agents with BCG, but none has been shown to be superior 
[121, 128–130]. The remainder of this discussion focuses on 
the application of BCG as an intravesical immunotherapy for 
Ta, Tis, and T1 TCC. Characteristics of the optimal candi-
dates for intravesical therapy are listed in Table 80.6.

Bacillus Calmette–Guérin is a live attenuated Mycobac­
terium that has been found to incite an immune response 
within the bladder, which appears to be responsible for its 
therapeutic efficacy against TCC. The immune activation 
may persist for a number of months facilitating an ongoing 
antitumor response. In a systematic review that included 585 
patients with Ta or T1 disease, administration of intravesical 
BCG as prophylaxis has been found to reduce tumor recur-
rence by approximately 54% compared to transurethral 
resection alone [131]. This effect is also associated with a 
decreased incidence of tumor progression [119]. BCG has 
also demonstrated effectiveness when administered as ther-
apy for CIS of the bladder (Tis), with complete response 

Table 80.6  Characteristics of candidates for intravesical therapy

Indications
  Tumor multiplicity
  Recurrent Ta, T1 lesions
  Stage Tis
  Size >3 cm [187]
  Surgically uncontrollable Ta disease
  Stage Ta with Tis
  Prostatic urethral disease
Relative contraindications
  Immunocompromised patient
  Hypersensitivity to Bacillus Calmette–Guerin
  Severe irritative voiding symptoms
  Solitary Ta lesion
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rates of 60–79% [132]. The optimal strategy for instillation 
of BCG consists of a 6-week induction course with mainte-
nance therapy. The largest randomized trial evaluating the 
effectiveness of BCG induction alone versus induction plus 
maintenance therapy found a median recurrence-free sur-
vival time twice as long in the maintenance arm [133]. 
Interestingly, only 16% of patients received all eight courses 
of maintenance therapy over 3 years mainly due to toxicity. 
One would assume that this strategy represents a challenge 
for elderly patients who often present with a suboptimal 
nutritional status and comorbid conditions that may limit 
their immune response (i.e., diabetes), predisposing them to 
severe BCG toxicity. At the author’s institution, BCG main-
tenance therapy is the standard intravesical regimen, and the 
majority of elderly patients complete the full protocol dura-
tion with reduction doses if necessary. Lowering the dose of 
BCG for this population of patients still maintains its effi-
cacy. At a median follow-up of 61 months, one study found 
no differences between standard or reduced dose BCG with 
respect to disease recurrence, time to recurrence, need for 
deferred cystectomy, or disease-specific survival [134]. 
Severe toxicity rates were lower with the reduced dose. 
Although these results are encouraging, further confirmatory 
trials are needed before a reduced dose of BCG can be con-
sidered standard therapy in the face of no toxicity. In addi-
tion, recent trials have suggested that increased age may 
confer a less durable response to BCG with earlier recur-
rences and a shorter cancer-free survival time [135]. These 
findings highlight the need to investigate the optimal regi-
men of BCG induction and maintenance in the elderly.

In summary, superficial TCC presents frequently in the 
aged population often with a protracted natural history and a 
low risk of progression. Most stage Ta lesions may be man-
aged with endoscopic resection with subsequent outpatient 
follow-up utilizing cystourethroscopy and urine cytology. 
Surveillance protocols for such patients often involve cystos-
copy every 3 months for 2 years, every 6 months for 2 years, 
and then every year thereafter. The intensity of this approach 
may be reduced for individuals in ill health or with favorable 
lesions at low risk for recurrence and progression. Patients 
who present with Tis or T1 cancers will benefit from a course 
of intravesical immunotherapy with BCG, following surgical 
resection. Again, these patients should be carefully followed 
with an organized surveillance protocol. Individuals with 
recurrent or refractory Tis or T1 lesions should be considered 
for curative radical cystectomy.

Muscle-Invasive TCC of the Bladder

The concept of muscle-invasive disease refers to lesions that 
have invaded beyond the lamina propria into the muscle 

wall of the bladder (stage T2). The literature suggests that 
approximately 50% of individuals who present with stage 
T2–T4 TCC will develop distant metastasis within 2 years 
[136]. Most patients who develop T2 lesions of the bladder 
present initially with this muscle-invasive disease de novo 
rather than from a previous superficial cancer (Ta-T1). It 
appears that the proportion of patients with muscle-invasive 
TCC increases with age. Approximately 18% of patients 
aged 40–44 years have locally advanced TCC at presenta-
tion, whereas 39% of patients over 84 years of age present 
with this stage disease [137]. As a result, the elderly patient 
more often faces a life-threatening cancer compared to their 
younger counterparts. Unfortunately this elderly patient will 
have a higher surgical risk due to comorbidities. Data 
extracted from SEER database found that individuals of 75 
years of age and older with muscle-invasive bladder cancer 
had a higher prevalence of cardiac disease, prior cancer 
diagnosis, chronic anemia and poor American Society of 
Anesthesiologists Physical Status Classification (ASA) [86]. 
These factors have a direct impact on treatment choices, 
especially when surgical options may involve significant 
morbidity. The evaluation and treatment of this patient with 
locally advanced TCC will be discussed further.

Locally Advanced Transitional Cell Carcinoma 
of the Bladder

Radiologic Evaluation

Once the diagnosis of a stage T2 TCC has been established 
through transurethral biopsy or resection, the patient should 
be thoroughly examined for evidence of lymphatic or 
hematogenous spread, as well as invasion into adjacent tis-
sues. The primary sites for the dissemination of TCC include 
the pelvic lymph nodes (within the obturator and hypogastric 
regions), lung, liver, and bone. Pertinent radiologic studies 
include a chest radiograph and an abdominal/ pelvic CT or 
MRI scan. A bone evaluation with skeletal scintigraphy 
(bone scan) is indicated in individuals with complaints of 
musculoskeletal pain or an elevated alkaline phosphatase 
level [50]. Approximately 5–15% of patients with invasive 
TCC harbor metastatic bone lesions, which obviate an 
attempt at curative (surgical) therapy.

Computed tomography is about 80% accurate in differen-
tiating locally advanced tumors involving perivesical fat or 
surrounding structures from those with less invasive tumors. 
However, since CT is often performed after a transurethral 
resection, interpretation of perivesical fat invasion becomes 
involved. It may be difficult to distinguish inflammatory or 
postsurgical edematous changes from true extravesical tumor 
extension. Another important limitation of CT is that it may 
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miss tumors <1 cm in size, particularly those in the bladder 
trigone or dome. Tumors located in these areas may be better 
evaluated by gadolinium-enhanced MRI, which may also be 
superior to CT in detecting extravesical tumor extension and 
surrounding organ invasion [138–140]. The use of positron 
emission tomography (PET) in the evaluation of patients 
with localized TCC remains investigational, largely due to 
confounding factors from urinary excretion of the glucose-
labeled tracers. MRI may ultimately be the preferred study 
over CT in the older patients since they often present with a 
suboptimal creatinine clearance. A discussion of contrast-
induced nephropathy is detailed in the radiologic section of 
renal cell cancer.

Treatment

Therapeutic approaches to muscle-invasive TCC of the 
bladder are determined by the presence or absence of clini-
cally detectable lymphatic or hematogenous metastases. 
Multimodality curative therapy should be applied only in 
individuals whose cancers are confined to the bladder wall or 
associated with minimal-volume regional lymphatic disease. 
We discuss next the therapeutic alternatives for patients with 
locally advanced TCC and the use of radical surgery in 
elderly patients.

Surgical Therapy

The perioperative morbidity associated with radical cystec-
tomy and the substantial impact of urinary diversion on the 
quality of life has led to the use of less radical approaches 
for the management of muscle-invasive bladder cancer in 
the elderly. Alternatives to radical cystectomy include radi-
cal transurethral resection (TURBT), partial cystectomy, or 
chemotherapy/radiation, which combines radical TURBT 
followed by external-beam radiation therapy with concur-
rent chemotherapy (cisplatin used as a radiation-sensitizing 
agent). In general, bladder preservation approaches are con-
sidered by many to produce inferior oncologic outcomes 
compared to radical cystectomy, although this has not been 
proven in randomized trials. It appears that solitary tumors 
confined to the muscle wall are ideal candidates for these 
alternative treatments with intermediate and long-term can-
cer-specific survival rates approaching that of radical cys-
tectomy. An attempt at complete endoscopic resection of a 
solid muscle-infiltrating lesion within the bladder represents 
the most conservative surgical treatment approach. The role 
of definitive TURBT was illustrated by a retrospective series 
where 10-year cancer-specific survival rates were similar to 
those seen with radical cystectomy (76% versus 71%) [141]. 
However, radical TURBT is applicable only to a small 

minority of patients with muscle-invasive disease and 
demands intensive, long-term cystoscopic follow-up due to 
local recurrence. This follow-up may represent a challenge 
for the geriatric population which according to the SEER 
data has shown suboptimal adherence to surveillance rec-
ommendations [142]. Another surgical option, the partial 
cystectomy, allows complete pathologic staging of the pri-
mary tumor with an extended pelvic lymph node dissection. 
This technique preserves urinary function and avoids the 
need for diversion, therefore minimizing the impact on the 
elderly patient’s quality of life. As with the radical TURBT, 
only a few patients are optimal candidates for this partial 
resection, and the risk of recurrent tumor in the residual 
bladder remains.

Complete surgical extirpation with radical cystectomy 
remains the treatment of choice for locally advanced TCC in 
patients of all age groups. The contemporary surgical 
approach includes thorough pelvic lymph node dissection 
followed by complete removal of the bladder, uterus, and 
anterior vaginal wall in women or bladder with the prostate 
and seminal vesicles in men. A urinary diversion with either 
an ileal conduit (noncontinent) or a continent reservoir 
(orthotopic or nonorthotopic) is constructed following the 
cystectomy. Skinner and Lieskovsky reported a series of 197 
patients in 1984 who had 5-year survival rates of 75% with 
pT2–T3a disease, 44% with pT3b, and 36% with stage pT4 
or positive pelvic lymph nodes [143]. Importantly, the post-
operative survival was not affected by application of preop-
erative radiation therapy. In addition, radiotherapy prior to 
surgery increases the risk of operative complications and 
makes the creation of an internal urinary reservoir using irra-
diated bowel more difficult [144, 145]. Therefore, radical 
cystectomy alone has become established as satisfactory 
monotherapy for most patients with locally advanced TCC 
of the bladder. The impact on survival from a radical cystec-
tomy performed in a healthy surgical patient is clear. The 
benefit of this extensive surgery, as we age, depends largely 
on competing risks for death.

In the elderly individual, who typically carries a high bur-
den of comorbid diseases and disability, the benefit of radical 
cystectomy versus radiation therapy is less dramatic. The 
largest case series involving contemporary data evaluated the 
benefit of cystectomy in different age groups (<60, 60–69, 
70–79,>79), without correlating outcomes to physiologic 
measures, such as performance status [146]. A total of 8,034 
patients underwent cystectomy, while 2,077 had radiation 
therapy as their primary treatment for muscle-invasive TCC. 
They found that older patients were less likely to have a cys-
tectomy and that a sizeable survival advantage was seen with 
cystectomy in all age groups except for the octogenarian 
(15 versus 18 months). The small benefit of cystectomy was 
lost when the elderly patient had a limited or no pelvic node 
dissection, highlighting the importance of a full lymph node 
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dissection in locally advanced TCC. Another multicenter 
trial evaluated 888 patients over a 19-year period [147]. 
Thirty percent of the patients were 70–80 years of age, but 
only 6% were over 80. Age was an independent predictor for 
adverse outcomes. Currently, only two small studies have 
utilized functional geriatric assessment as it relates to radical 
cystectomy outcomes. Weizer et al. correlated a Karnofsky 
Performance Status (KPS) score with cystectomy in one 
hundred and six patients with muscle-invasive disease. 
Patients with a KPS score below 80 had an overall 4-year 
survival of 14% versus 33% for those with a KPS score above 
80 [148]. This functional assessment tool was validated as 
the only independent predictor of overall survival in a multi-
variable analysis that included age, marital status, treatment 
type, mobility, and stage. In another retrospective study of 44 
patients over 80 years of age, the 6-month rehospitalization 
rate was higher when accompanied by a drop in KPS score 
from 70 to 65 at 1 and 3 months following surgery [149]. 
These findings demonstrate the importance of functional age 
of the patient in contrast to their chronologic age when deal-
ing with muscle-invasive TCC. It is, therefore, not justified 
to withhold a potentially curative therapy such as radical cys-
tectomy on the basis of age alone.

Historically, many individuals are willing to undergo 
intensive therapy and endure significant morbidity if the like-
lihood of cure from a disease is high. As discussed earlier, 
the ability to eradicate bladder cancer is directly related to 
the stage at presentation, particularly the presence or absence 
of lymphatic metastasis. Most reports demonstrate that 
lymph node metastasis at the time of radical cystectomy is 
associated with a 6–23% 5-year survival [150]. For the 
elderly patient with an otherwise asymptomatic stage T2–T4 
bladder cancer with borderline nodal enlargement on CT, an 
accurate identification of lymphatic disease could dissuade 
them from undergoing radical cystectomy and make more 
palliative approaches attractive. In this regard, minimally 
invasive laparoscopic techniques can be employed for accu-
rate pelvic lymph node staging. Accumulating evidence has 
shown that the standard template for pelvic node dissection 
(distal common iliac, obturator, hypogastric, and external 
iliac nodes) is inadequate [151]. Lymph nodes proximal to 
the origin of the inferior mesenteric artery and presacral 
lymph nodes have been included in an extended template 
dissection. This minimally invasive technique with an 
expanded dissection may identify those patients harboring 
metastatic deposits within the lymphatic drainage of the 
bladder, thus avoiding the morbidity of radical cystectomy 
for a cancer with poor prognosis.

Finally, minimally invasive alternatives such as laparo-
scopic radical cystectomy or robotic-assisted radical laparo-
scopic cystectomy, with the potential for reduced morbidity 
and more rapid convalescence, are being adopted in many 
centers worldwide. Reports have demonstrated the technical 
reproducibility and safety of these techniques, although 

extensive experience with these procedures is required to 
achieve optimal results. Advantages include faster reactiva-
tion of gastrointestinal motility and shorter hospital length of 
stay. Although this appears as a promising alternative for the 
geriatric population, data regarding the long-term oncologic 
outcomes is lacking at the present time, especially with 
regard to the adequacy of the pelvic lymph node dissection 
by these techniques [152, 153].

Multimodality Therapy for Advanced TCC  
of the Bladder

Chemotherapy is widely used for therapy in advanced or 
metastatic bladder cancer and remains an area of active 
research as an adjuvant or neoadjuvant treatment with defini-
tive local therapy. Further applications of systemic chemo-
therapy include the development of multimodality treatment 
protocols for curative therapy with bladder preservation. Since 
Sternberg et  al.’s original report of a 72% response rate in 
metastatic bladder cancer patients using methotrexate/vin-
blastine/doxorubicin/cisplatin (M-VAC) [154], the incorpora-
tion of newer and highly active agents, such as gemcitabine 
and paclitaxel, has led to the development of new combination 
regimens. Multiple randomized studies have demonstrated the 
superiority of the M-VAC regimen versus other combination 
regimens positioning M-VAC as the standard first-line regi-
men [155–157]. However, the regimen employs agents whose 
excretion and distribution can be affected by age-related phys-
iologic changes. Age alone should not preclude the use of 
M-VAC; careful evaluation of nutritional state, cardiac and 
renal function, and screening for underlying neuropathy is 
paramount to the safe delivery of this combination of drugs.

Gemcitabine has been identified as a highly active single 
agent in nonrandomized studies for untreated patients with 
metastatic urothelial carcinoma [158]. This drug was further 
combined with cisplatin in the GC regimen, showing 
response rates as efficacious as the ones achieved by the 
M-VAC regimen. These studies have made GC the new stan-
dard first-line therapy especially in regard to tolerability. 
However, elderly patients may not be fit for intensive cispla-
tin-based chemotherapy regimens. A retrospective review of 
381 patients with advanced urothelial carcinoma who were 
treated with one of several platinum-based regimens identi-
fied 116 who were ³70 years of age [159]. The elderly expe-
rienced more frequent neutropenia and renal toxicity 
compared to patients <70 years of age. However, toxic death 
rates were similar in both age groups, and median survival 
did not differ significantly. Single-agent regimens with 
gemcitabine or paclitaxel and various two-drug combina-
tions in which carboplatin, whose dose can be adjusted for 
individual variation in renal function, is substituted for cis-
platin have been found to be feasible and have activity in 
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older populations [160–162]. The efficacy of these systemic 
agents have stimulated investigations into neoadjuvant or 
adjuvant protocols for locally advanced TCC associated 
with poor prognostic factors. Multiple large randomized 
clinical trials and individual patient data meta-analysis have 
demonstrated a survival benefit for neoadjuvant cisplatin-
based regimens, shifting the algorithm of treatment from 
cystectomy alone [163, 164]. In contrast, definitive recom-
mendations on the use of adjuvant chemotherapy for patients 
with locally advanced urothelial bladder cancer still require 
the completion of large randomized trials.

The clinical response of metastatic TCC to systemic 
chemotherapeutic agents has stimulated the design of 
investigational protocols with the intention to eradicate 
locally advanced TCC while preserving bladder function. 
These bladder-sparing approaches combine the efficacy of 
an aggressive transurethral resection with external beam 
radiation therapy and systemic chemotherapy. Although 
irradiation has demonstrated only modest efficacy as mono-
therapy, several investigators have advocated its role in a 
multimodality approach [165]. One study of 94 patients 
with T2–T4 TCC treated with endoscopic resection fol-
lowed by two or three cycles of M-VAC or CMV with sub-
sequent 6480 cCy radiation to the bladder was reported in 
1995. The 5-year relapse-free survival was 84% for T2, 
53% for T3, and 11% for T4 cancers. Importantly, only 
18% of the surviving patients had an intact bladder [166]. 
Bladder preservation is an admirable goal for the healthy 
individual with an early invasive T2 lesion within the blad-
der, but it appears that most patients who are cured by this 
approach ultimately require a radical cystectomy. The older 

patient must be prepared to submit to the toxicity of the 
combined therapy while maintaining the potential require-
ment of a radical cystectomy. Therefore, multimodality 
therapy for TCC must be considered experimental for 
patients of all ages, particularly for the person over 70 years 
of age.

Conclusions

Improvements in diagnostic imaging, surgical techniques, 
advanced instrumentation, and systemic chemotherapy have 
been combined to offer older individuals a wide array of 
treatment options for renal and bladder malignancies. 
However, the myriad issues confronting these people serve 
only to complicate the choice of therapy. The literature 
suggests that aging may affect negatively the treatment 
response of superficial disease and the outcomes of curative 
surgery. Comprehensive geriatric assessment tools that incor-
porate not only age but also physiologic and biologic consid-
erations, such as comorbidities, functional status, renal 
function, and hemoglobin are necessary to help stratify the 
elderly into “fit” and “frail” populations, allowing tailoring 
of appropriate therapy. Clinicians must avoid the uncon-
scious bias against curative treatment for an elderly individ-
ual and thoroughly address all potential options and the 
impact of these in the patient’s context of quality of life. 
Age-specific investigations in conjunction with comprehen-
sive assessment tools are needed before the best treatment 
options for geriatric patients are identified.

Case Study

Mr. M who initially presented as a 75-year-old male 
with multiple medical problems including a history sig-
nificant for coronary artery disease, on ultrasound for 
right upper quadrant pain, was found to have a 3-cm 
solid mass in the right lower pole of the kidney. This 
mass was verified as “enhancing” by a gadolinium-
enhanced magnetic resonance imaging (MRI), which 
was substituted for computed tomography (CT) due to a 
history of chronic renal insufficiency with a glomerular 
filtration rate (GFR) of 35 mL/min. All other testing 
including chest radiograph and blood laboratories were 
negative for evidence of metastatic disease. Preoperative 
cardiology evaluation placed him at high risk for a post-
surgical event due to his coronary artery disease. The 
patient was counseled regarding the options for this 
likely malignant renal mass which included conservative 

management (surveillance with serial imaging), surgical 
removal (radical/partial nephrectomy), and new mini-
mally invasive techniques (cryotherapy, radiofrequency 
ablation). Although the patient was at high risk for open 
surgery, he was not comfortable following this lesion 
and wished to have curative treatment. Percutaneous 
cryotherapy was performed (Fig. 80.2) under local anes-
thetic with no sedation. The lesion was biopsied during 
the procedure which revealed a clear cell renal carci-
noma – intermediate grade. The procedure was unevent-
ful, and the patient was discharged on the same day.

Mr. M is currently 80 years old with stable coronary 
artery disease and still very active. All posttreatment 
imaging since the procedure show “no enhancement” 
which is consistent with successful treatment. This case 
highlights the many factors that must be considered 
when treating genitourinary malignancies in the elderly 
population.
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Introduction

Benign prostatic hyperplasia (BPH) and prostate cancer are 
two common neoplastic processes that occur in elderly men. 
Both of these conditions are rare before the age of 50, but by 
age 80 more than 80% of men have pathologic evidence of 
benign hyperplasia and more than 50% have at least micro-
scopic foci of prostate cancer [1, 2]. While BPH associated 
urinary symptoms will impact quality of life in most elderly 
men, the likelihood of prostate cancer resulting in significant 
morbidity remains low [3, 4]. This chapter reviews the inci-
dence of these two diseases, the appropriate evaluation of 
elderly men and surgical options available to the geriatric 
patient as well as expected outcomes.

General Anatomical Considerations

The prostate is a glandular organ situated in the pelvis. The 
base of the prostate is in continuity with the bladder and the 
apex rests on the pelvic floor. It is composed predominantly 
of glandular elements with an investing fibromuscular 
stroma. The latter forms a capsule around the gland which is 
a unique feature of the human prostate [5]. The urethra runs 
through the gland with anterior angulation at the veru monta-
num, representing the exit site of the ejaculatory ducts. The 
prostate can be defined by anatomical zones (Fig. 81.1) or 
surgical lobes (Fig. 81.2), which have relevance to both BPH 
and prostate cancer.

Distinct zones are described based predominantly on the 
ductal drainage site within the urethra. The transition zone 
consists of periurethral tissue situated proximal to the veru 
montanum. The central zone surrounds the ejaculatory ducts, 
extending posteriorly to the bladder base. The posterior zone 
encompasses the remainder of tissue posterior to these two 

Case Study

An 82-year-old gentleman presents to his urologist with 
worsening LUTS in spite of combined medical therapy 
with Flomax and Proscar. His symptoms have become 
more of an obstructive nature with decreased force of 
stream, intermittency and need to strain. He is relatively 
healthy otherwise with only a-fib and HTN managed 
medically.

His evaluation reveals a flow rate of 6 ml/s with a post-
void residual of 250 cc. His rectal exam reveals a very 
large prostate, which is benign in nature. His PSA, which 
had been stable at 3.4 ng/ml, has risen in the past year to 
5.0  ng/ml. Urodynamic evaluation shows decreased 
detrusor contractility with borderline obstructive values. 
He is counseled on options including conservative 

management or a TURP. He is very concerned about his 
PSA results and has heard that Proscar can lead to high-
grade prostate cancer. Prostate biopsy is discussed, which 
he chooses to proceed with in light of his desire to pursue 
aggressive treatment for his urinary symptoms.

He undergoes a 12 core transrectal biopsy which 
reveals <5% of one core with Gleason 3+3=6 disease. 
He is counseled on active surveillance, hormone abla-
tion therapy, and external beam radiation in light of his 
advanced age. He is interested in discussing a robotic 
prostatectomy as his son just had one at 60. After a 
long discussion, he agrees to active surveillance. He 
ultimately undergoes a TURP for his progressive LUTS 
with good results and all benign tissue found patho-
logically. He eventually passes from a CVA 10 years 
later at 92.
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areas adjacent to the rectal vault and makes up the bulk of the 
nonpathologic gland. The anterior fibromuscular stroma is 
devoid of glandular elements and runs from the anterior 
bladder neck to the pelvic floor.

While BPH arises almost exclusively from the transition 
zone, 70% of prostate cancers originate in the posterior zone, 

with approximately 25 and 5% of cases stemming from 
the transition and central zones, respectively. Surgical lobes 
have also been described in relation to BPH. Lateral lobes 
are typically seen on cystoscopy as bilaterally bulging ele-
ments impinging on the prostatic urethra. A middle or central 
lobe represents the hyperplastic component that protrudes 

Figure 81.1  Zonal anatomy  
of the prostate as described  
by McNeal. (From McNeal JE. 
Normal histology of the  
prostate. Am J Surg Pathol 
1988;12:619–633).

Figure 81.2  Surgical anatomy  
of the prostate. (Adapted from 
Gillenwater JY, ed: Adult and 
Pediatric Urology. St Louis: 
Mosby Yearbook, 1991:1214).
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superiorly into the floor of the bladder, sometimes creating 
a perceived ball-valve effect on voiding.

Benign Prostatic Hyperplasia

Terminology

In order to understand the diagnostic and treatment dilem-
mas facing practitioners caring for the elderly gentleman 
with BPH, it is important to have working knowledge of 
the historical terminology used to describe the clinical 
symptoms. “BPH” represented an acronym for benign pro-
static hypertrophy, as the majority of men with urinary 
symptoms were found to have enlarged prostates. However, 
from a histologic standpoint, the growth of the gland repre-
sents a hyperplastic process with increase in both glandular 
and stromal elements. Two problems with this new termi-
nology were: (1) hyperplasia has been noted in prostates 
from men in their third decade of life who exhibit no uri-
nary symptoms and (2) a linear correlation between pros-
tate size and degree of urinary symptoms does not exist. 
Several other acronyms can be encountered that represent 
attempts to circumvent these issues. BPE (benign prostatic 
enlargement) and BOO (bladder outlet obstruction) repre-
sent such examples. Although BOO is pathophysiologi-
cally correct with regards to the underlying process, it 
remains a urodynamically defined element thus requiring a 
semi-invasive and costly test typically not viewed as neces-
sary for treatment or diagnostic purposes. In order to get 
back to the clinical picture which leads patients to seek 
treatment yet another acronym was coined being LUTS 
(lower urinary tract symptoms). This covered the constella-
tion of symptoms (urgency, frequency, hesitancy, intermit-
tency, straining, sense of incomplete emptying, and 
nocturia) that were associated with the original “BPH.” 
However, LUTS may be resultant from a diverse list of 
diagnoses not limited to the obstructive processes of an 
enlarged prostate [6]. Today ICD-9 coding includes both 
BPH with and BPH without LUTS.

Epidemiology

The prostate is small at birth, enlarges rapidly at onset of 
puberty, and then remains at a constant size during the next 
several decades of life. The average weight of the prostate 
slowly increases after 50 years of age with an associated 
increase in the incidence of symptomatic BPH (Fig. 81.3). 
Although the development of pathologic BPH is almost a 
universal phenomenon in aging men, the cause and 

pathogenesis of this disorder are poorly understood. While 
genetic susceptibility may play a role in younger patients, 
the relevance dramatically diminishes for those over 60. 
Androgens are recognized as necessary for the development 
of pathologic BPH; however, they are not the cause of BPH. 
While individuals castrated prior to puberty do not develop 
pathologic BPH, prostate size can continue to increase with 
age when androgen levels typically decline, suggesting little 
correlation between the two [7]. Several researchers have 
suggested that estrogen may contribute to the pathogenesis 
of BPH, but the alterations in estrogen and androgen produc-
tion that occur with aging appear to be minor and occur after 
the onset of this disease [8]. Several other risk factors have 
been proposed, but to date there is no evidence to suggest 
that BPH can be attributed to any specific factor [9]. 
Researchers have investigated sociocultural variables includ-
ing celibacy, specific blood groups, the use of alcohol or 
tobacco, and diseases commonly found among geriatric men 
such as coronary artery disease, peripheral vascular disease, 
hypertension, and diabetes.

Pathophysiology

The pathophysiology of symptomatic BPH is complex involv-
ing both static and dynamic components (Fig. 81.4). BPH is a 
true hyperplastic process with histologic studies demonstrat-
ing an increase in cell numbers throughout the gland. 
Hyperplasia occurs in the form of nodules that consist of 
stromal and epithelial elements. In addition, many nodules 
contain smooth muscle. Prostatic hyperplasia increases 

Figure 81.3  Development of human benign prostatic hyperplasia (BPH) 
with age: age-related changes in the weight of the prostate removed at 
autopsy in 925 men, prevalence of BP hyperplasia at autopsy in 1,075 
men, and the weight of the adenoma removed at simple perineal pros-
tatectomy in 707 men. Long dashed line indicates the mathematically 
extrapolated range in this group (From Berry et al. [1] with permission. 
Copyright Elsevier 1984).



1072 J.A. Taylor III and P.C. Albertsen

urethral resistance due to mechanical obstruction from tissue 
expansion. Presumably, the confinement created by the 
capsule transmits pressure to the urethra leading not only to 
increased resistance but also compensatory changes in blad-
der function. How the smooth muscle tissue contributes to 
symptomatic BPH is unknown, but the muscle fibers are regu-
lated by the adrenergic nervous system. Receptor binding 
studies indicate that a receptors are the most abundant type of 
receptor in the human prostate and partially explain the ability 
of a-blocking medications to relieve BPH-associated LUTS.

In addition, age-related functional changes in the bladder 
and nervous system have been reported to contribute to 
LUTS. At the ultrastructural level, normative aging and BOO 
both result in muscle loss and axonal degeneration with 
increased collagen deposition [10]. This can lead to both 
hyperactivity and impaired contractility, which manifest with 
clinical symptoms associated with symptomatic BPH. It is 
interesting to note that clinical LUTS are as common in age-
matched women as they are in men.

Diagnosis and Evaluation of Prostate Disease

Benign Prostatic Hyperplasia

Physicians evaluating elderly men for obstructive urinary 
symptoms should begin with a detailed history that focuses 
on the urinary tract, previous surgical procedures, general 

health issues, and fitness for possible surgical procedures. 
Specific areas to discuss include a history of hematuria, 
urinary tract infection, diabetes, neurologic disorders such as 
Parkinson’s disease or previous stroke, urethral stricture dis-
ease, urinary retention, and aggravation of symptoms by cold 
or sinus medications. Physicians should check all current 
prescription medications to determine whether the patient is 
taking any anticholinergic drugs (which impair bladder con-
tractility) or a-sympathomimetics (which increase outflow 
resistance). A history of lower urinary tract surgery suggests 
the possibility of urethral or bladder neck stricture.

The etiology of LUTS is multifactorial, and specific 
symptoms may be a poor indicator of underlying pathophysi-
ology. This is particularly true in the elderly patient. While 
LUTS are most often attributed to prostatic obstruction, only 
two-thirds of men with LUTS meet the accepted diagnostic 
criteria for obstruction. Obstructive symptoms (hesitancy, 
weakened stream, intermittency, straining, and sense of 
incomplete emptying) do not reliably predict outlet obstruc-
tion. Researchers’ have shown that many aspects of detrusor 
performance decline with aging and progress to detrusor 
underactivity (DU) in many older individuals [11–14]. DU 
can influence the clinical picture and may impede the therapy 
of many LUT disorders including BPH.

Other contributing processes include detrusor overactiv-
ity, sensory urgency, sphincteric incontinence, polyuria, or 
nocturnal polyuria [15]. Nocturia may also result from a 
wide range of other pathologic conditions, including cardio-
vascular disease, diabetes mellitus, lower urinary tract 
obstruction, anxiety, sleep disorders, and other behavioral 
and/or environmental factors [16]. The use of certain drugs 
is also associated with increased risk for LUTS. A commu-
nity-based cross-sectional study that included 2,115 men 
between 40 and 79 years found that daily use of antidepres-
sants or antihistamines was associated with an increase in 
symptoms [17].

A tool for symptom assessment has been established and 
permits objective data for evaluation that can be followed in 
a longitudinal manner. This is the International Prostate 
Symptom Score (IPSS) [18] (Table  81.1). This instrument 
consists of a series of seven questions, correlating to com-
mon LUTS that have five-graded responses. Symptoms are 
considered mild, moderate, and severe with scores between  
0 and 7, 8 and 19, and 20 and 35, respectively. The IPSS 
should not be used to diagnose symptomatic BPH, but rather 
to evaluate treatment response or disease progression. 
Symptom scores alone do not capture the morbidity of a 
prostate problem as perceived by the patient. The impact of 
symptoms on a patient’s life style must be considered as 
well. Intervening with medical or surgical therapy may make 
more sense in a patient with moderate symptoms he finds 
relatively troublesome compared with a patient with severe 
symptoms who is able to manage them fairly well. Thus, the 
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Figure 81.4  The pathophysiology of symptomatic BPH involves com-
plex interactions between urethral obstruction, detrusor function, and 
urine production. (From McConnell JD (1998) Epidemiology, etiology, 
pathophysiology and diagnosis of BPH. In: Walsh RC, Retik AB, 
Vaughan ED Jr, Wein AJ (eds) Campbell’s Urology, vol 2, 7th edn. WB 
Saunders, Philadelphia, 1437. Copyright Elsevier 1998.).
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Table 81.1  International prostate symptom score (I-PSS)

Criterion Not at all
Less than  
1 time in 5

Less than half  
the time

About half  
the time

More than half  
the time

Almost  
always

Your  
score

Incomplete emptying:  Over the past month, 
how often have you had a sensation of not 
emptying your bladder completely after 
you finished urinating?

0 1 2 3 4 5

Frequency:  Over the past month, how often 
have you had to urinate again less than 2 
hours after you finished urinating?

0 1 2 3 4 5

Intermittency:  Over the past month, how 
often have you found you stopped and 
started again several times when you 
urinated?

0 1 2 3 4 5

Urgency:  Over the past month, how often 
have you found it difficult to postpone 
urination?

0 1 2 3 4 5

Weak stream:  Over the past month, how 
often have you had a weak urinary stream?

0 1 2 3 4 5

Straining:  Over the past month, how often 
have you had to push or strain to begin 
urination?

0 1 2 3 4 5

Nocturia:  Over the past month, how many 
times did you most typically get up to 
urinate from the time you went to bed at 
night until the time you got up in the 
morning?

0 1 2 3 4 5

Total I-PSS score

critical question for all patients is how much bother these 
symptoms create and what are they willing to do to improve 
them. In addition, use of a voiding diary may help to identify 
patients with polyuria or other nonprostatic disorders.

The physical examination should include a digital rectal 
examination (DRE) and a focused neurologic examination. 
The rectal examination establishes the approximate size of 
the gland and can help to guide which surgical approach is 
most appropriate should this be warranted. Because prostate 
size does not correlate with symptom severity or treatment 
outcomes, and DRE typically underestimates size by 50%, 
size by DRE should not be used to make a diagnosis and 
proceed with treatment. The DRE is helpful only for guiding 
management. A focused neurologic examination can be used 
to exclude neurologic problems that may cause the present-
ing symptoms and should include an assessment of rectal 
sphincter tone.

Diagnostic tools that should be considered when assess-
ing men with moderate or severe urinary symptoms include 
urinalysis, measurement of serum creatinine, and possibly a 
prostate specific antigen (PSA) assay. Urinary cytology 
should be considered in men with severe irritative symptoms 
and those with hematuria, especially if they have a history of 
smoking. Patients with renal insufficiency have an increased 
risk for postoperative complications: 25 versus 17% for 
patients without renal insufficiency [19]. More important, 
patients with renal insufficiency have a sixfold increase in 

mortality when undergoing surgical treatment for their 
disease [20]. Although localized prostate cancer typically 
does not produce urethral obstruction, it can coexist with 
BPH. Consequently, physicians may wish to consider assess-
ing the serum PSA level should a diagnosis of prostate can-
cer alter the proposed management. Many patients advised 
to undergo surgical treatment may have cystoscopy and or a 
transrectal ultrasound. These examinations are not recom-
mended to determine the need for surgery, but rather to help 
the surgeon determine the most appropriate technical 
approach based on prostate size. Finally, formal urodynamic 
evaluation should be considered in elderly gentlemen who 
maintain high postvoid residuals, have a known or suspected 
neurologic disease that may affect the urinary tract or have 
persistent symptoms after an invasive procedure.

Treatment of Benign Prostatic Hyperplasia

Most men with moderate-to-severe BPH-associated LUTS 
are advised to consider medical therapy. Those failing medi-
cal treatments are then usually offered surgery. Absolute 
indications for surgery include refractory urinary retention, 
recurrent urinary infections, recurrent gross hematuria, 
bladder stones, renal insufficiency caused by obstruction, and 
the concomitant presence of a large bladder diverticulum.
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Urologists have developed several surgical procedures to 
manage BPH. Open surgical excision, known as a simple 
prostatectomy, was developed more than 100 years ago. 
Although surgeons still utilize this approach to remove large 
glands, most urologists now favor transurethral resection of 
the prostate (TURP). In 1986, it was reported that 96% of the 
more than 350,000 men requiring surgical therapy for BPH 
had a TURP. The advent of medical therapies and less inva-
sive office-based procedures to treat BPH have decreased the 
frequency of this procedure, so fewer than 200,000 men in 
the Medicare age group now undergo TURP annually.

Although TURP is considered the standard surgical pro-
cedure for treatment of BPH, the associated historical mor-
bidity and related costs of hospitalization have prompted 
the development of several alternative surgical procedures. 
The majority involve a form of thermal energy transfer to the 
tissue which causes necrosis and desiccation with time.

Transurethral Resection of the Prostate

TURP is usually considered the treatment of choice for 
patients with glands less than 100 g in size. The procedure is 
typically performed under a spinal or general anesthetic with 
the patient placed in the lithotomy position. Because urinary 
tract infections are found in 8–24% of men with symptom-
atic BPH, many are initially treated with antibiotics and most 
receive a prophylactic dose prior to initiating surgery. The 
resection is normally conducted in a fluid medium. Water 
can be used, but it increases the risk of hemolysis; hence 
nonhemolytic solutions such as 1.5% glycine, sorbitol, or 
mannitol are more commonly employed.

The resection technique varies according to the size and 
configuration of the prostate. The ventral tissue is usually 
resected first unless the patient has a large median lobe in 
which case this is done first. Resection is carried out in a 
circumferential manner from the bladder neck to just proxi-
mal to the veru montanum. Resection beyond this point 
risks damage to the external urinary sphincter. The majority 
of hyperplastic tissue exists between the 3 and 9 o’clock 
position with less noted anteriorly. The amount of intraop-
erative bleeding depends on the size of the prostate, the 
length of time required to resect the hyperplastic tissue, and 
the skill of the surgeon. Arterial bleeding is controlled by 
electrocoagulation. Venous bleeding may be apparent at the 
end of the procedure, when on irrigating the catheter the 
returning fluid initially clears but then turns dark red. Venous 
bleeding can be controlled by inserting a catheter and plac-
ing it on traction for several minutes. Extravasation occurs 
in approximately 2% of patients, usually following capsular 
penetration. The symptoms associated with extravasation 
and fluid absorption include nausea, vomiting, and abdomi-
nal pain. Most of these patients can be managed simply by 

terminating the procedure and placing a urethral catheter. 
Patients who absorb large amounts of fluid can become 
severely hyponatremic and may require treatment with 
hypertonic saline and diuretics.

Over the past 50 years, there has been a steady decline in 
postoperative complications and mortality associated with 
TURP. These improvements can be attributed to several fac-
tors, including better medical management, better anesthesia, 
and better surgical equipment including improvements in 
optics and light sources. Wasson et al. reported that 91% of 
men undergoing TURP in the Veterans Affairs health care 
system experienced no complication during the first 30 days 
after surgery [21]. The mortality rate due to surgery was less 
than 1%. The most frequent complications reported included 
the need for catheter exchange (4%), perforation of the pros-
tatic capsule (2%), and hemorrhage requiring transfusion 
(1%). Long-term complications at 3 years associated with 
TURP include vesicle neck contracture requiring endoscopic 
surgery (3%), urethral stricture requiring dilation (3%), and 
secondary transurethral resection (3%).

Results can be immediate or delayed and are the criteria 
against which all other treatment options are compared. 
Improvement in flow rates can be on the magnitude of 120% 
with decreases in IPSS of 85%. Patients with acute (AUR) or 
chronic urinary retention (CUR) may not fare as well. TURP 
can fail to restore spontaneous voiding in 10% of patients 
with AUR, 38% of those with CUR, and 44% with AUR or 
CUR. This is of particular concern in the elderly when the 
presence of DU is known to occur.

Simple Prostatectomy

Open prostatectomy is usually considered when the prostate 
gland is approximately 100 g or larger. This procedure should 
also be considered when other concomitant bladder condi-
tions are present, such as a large diverticulum or a large, hard 
bladder calculus. The advantage of open prostatectomy is a 
complete removal of the adenomatous tissue under direct 
vision without the risk of dilutional hyponatremia, which is 
often associated with a prolonged transurethral resection. 
The disadvantages include the need for a lower abdominal 
incision, a longer hospitalization, and an extended convales-
cence period. In addition, there may be an increased poten-
tial for intraoperative hemorrhage from the prostate fossa. 
Contraindications to this operation include a small prostate 
gland, a previous prostatectomy, previous pelvic surgery, and 
prostate cancer.

An open prostatectomy can be accomplished using one of 
two approaches: retropubic or suprapubic. With the retropu-
bic approach, the anterior prostatic capsule is incised and the 
hyperplastic adenoma enucleated. Advantages to approach 
include excellent anatomic exposure of the adenoma, 
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precise transection of the urethra distally, clear and 
immediate visualization of the prostate fossa to control hem-
orrhage, and minimal trauma to the urinary bladder. The dis-
advantages of this approach include the inability to access 
the bladder and difficulty dealing with a large median lobe.

A suprapubic prostatectomy is accomplished through an 
extraperitoneal incision in the lower anterior bladder wall. 
The bladder neck and prostate capsule are scored under direct 
vision and the adenomatous tissue enucleated. The urethra at 
the apex of the adenoma is transected sharply under surgeon 
feel. The major advantage of this procedure over the retropu-
bic approach is that it allows better visualization of the 
bladder neck and bladder including the ureteral orifices. As a 
result, this operation is ideally suited for patients with a large 
median lobe protruding into the bladder, a concomitant 
symptomatic bladder diverticulum, or a large bladder calcu-
lus. It also may be the preferred approach in obese men when 
it is difficult to gain direct access to the prostate capsule and 
the dorsal vein complex. The major disadvantage of this 
approach is the inability to visualize the apical portion of the 
prostate directly. Contemporary series shows a 60% improve-
ment in obstructive symptoms and approximately 50% 
improvement in irritative symptoms [22].

Minimally Invasive Surgical Techniques

TUIP

Transurethral incision of the prostate capsule results in sig-
nificant alleviation of the outflow obstruction, despite the 
fact that the volume of the prostate remains the same. This 
involves either unilateral or bilateral incisions, at the 5 and 7 
o’clock positions, starting distal to the ureteral orifice ending 
just proximal to the veru. The depth of the incision is gener-
ally described as down to the prostatic capsule. This has been 
considered an alternative to formal resection in elderly 
patients who are not deemed medical candidates for more 
invasive procedures. A meta-analysis of available studies 
reported similar outcomes as for TURP with a trend toward 
lower complication and mortality rates [23].

Multiple minimally invasive therapies have been devel-
oped. The majority of these involve energy transfer to the 
prostate causing tissue heating. Treated areas are either 
vaporized due to high temperatures or develop coagulation 
necrosis and slough after several days to weeks. Heat gener-
ating elements include lasers (Green light, holmium, Nd-Yag, 
and interstitial), high-intensity focused ultrasound (HIFU), 
or transurethral microwave thermotherapy (TUMT). Most of 
these procedures involve delivery of energy through a 
catheter placed transurethrally or under direct vision cysto-
scopically. The treatment area can be as long as 40 mm, as 
wide as 10 mm, and as deep as 10 mm.

Thermotherapy can alleviate voiding symptoms by utilizing 
a wide range of temperatures. As the intraprostatic tempera-
ture rises with the use of higher power devices, more tissue 
is destroyed, cavities are produced, and more sedation and 
analgesia are required. Up to 80% of patients experience 
urinary retention after thermotherapy at high temperature 
settings. Usually a catheter is placed and may be needed for 
up to 3 weeks. Patients undergoing these procedures appear 
to have some reduction in their voiding symptoms, but results 
are usually less dramatic than are achieved by transurethral 
resection. Greater symptom improvement usually occurs fol-
lowing treatment with devices delivering higher tempera-
tures. Unfortunately, long-term results are unavailable for 
many of these procedures. Their role in the treatment of 
geriatric patients with symptomatic BPH remains to be defined.

Prostate Cancer

Epidemiology

Prostate cancer is now the second most common cancer 
diagnosed in men. The incidence of this disease increased 
dramatically following the introduction of testing for pros-
tate-specific antigen (PSA), but has declined somewhat since 
1993 to rates that are about twice those recorded prior to the 
introduction of PSA testing (Fig.  81.5) [24]. Researchers 
estimated that in 2008, approximately 186,520 men would 
be diagnosed with this disease and 28,660 men would die 
from prostate cancer [25]. Prostate cancer is primarily a dis-
ease of old men. The probability of developing prostate can-
cer is about one in seven for men aged 70 and older as 
compared to one in 15 for men aged 60–69 and one in 39 for 
men aged 40–59 [25]. The majority of prostate cancer deaths 
(53%) occur among men age 80 and over [25]. Prostate can-
cer occurs much more frequently among African-American 
men than in white Americans. Although the incidence rates 
are parallel for Whites and African-Americans, the mortality 
from this disease is almost twice as high for African-
American men as for white men.

Despite the significant mortality from prostate cancer, 
many men never experience symptoms from their disease. 
Many prostate cancers are indolent. Autopsy data from 
several countries have confirmed a high incidence of prostate 
cancer histology, suggesting that less than 1% of men with 
histologically identifiable cancer die from this disease [26]. 
There is little geographic or ethnic variability in the rate of 
small latent carcinomas even when comparing populations 
with markedly different clinical prostate cancer incidences 
and mortalities [27, 28]. Numerous studies have demon-
strated that as many as 50% of men over the age of 50 years 
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dying of causes other than prostate cancer have microscopic 
evidence of disease. These studies also demonstrated that the 
presence of these cancers increases with age. By age 75 years, 
more than 80% of men have microscopic evidence of prostate 
cancer at autopsy. Most of these tumors are microscopic foci 
fulfilling the criterion for prostate cancer, but it is not unusual 
for an 80-year-old American man dying of heart disease to 
have an intraprostatic tumor measuring 2–4 cm [29].

The etiology of prostate cancer is unknown. The similar 
prevalence of latent disease among racial and ethnic groups 
at autopsy and the vast difference in the incidence of clini-
cally significant disease suggest that the initiation of prostate 
cancer occurs frequently, but only some groups are suscep-
tible to prostate cancer promoters. Known risk factors include 
familial inheritance. Several families have been identified 
with an apparent Mendelian pattern of inheritance, and sev-
eral prostate oncogenes have been isolated [30]. A man with 
one first-degree relative with prostate cancer has a two- to 
threefold risk of being diagnosed with prostate cancer com-
pared with the general population. A man with a first-degree 
and a second-degree relative may have a sixfold risk of 
developing prostate cancer [31].

Screening for prostate cancer remains controversial 
especially among older men. A greater understanding of the 

natural history of screen detected prostate cancer suggests 
that as many as half of the screen detected prostate cancers 
found among men age 70 and older are not clinically signifi-
cant [32]. These findings have led the US Preventive ser-
vices Task Force to recommend against routine PSA testing 
among men 75 years and older [33].

Pathophysiology

Adenocarcinoma of the prostate is frequently diagnosed as a 
result of an elevation in PSA. In many cases, tumors cannot 
be palpated on rectal examination. Among men with clini-
cally localized prostate cancer, the tumor is often multifocal 
and most of the tumor mass is usually located in a peripheral 
location near the posterior edge of the prostate [34].

As prostate cancer grows, cancer cells invade the soft tis-
sue surrounding the prostate directly and along the perineu-
ral pathways. Penetration of the capsule usually occurs 
posteriorly and posterolaterally, which may lead to extension 
into the seminal vesicles. The most frequent sites of meta-
static spread are the pelvic lymph nodes and bone, especially 
the pelvis and vertebral bodies.

In general, the size of a prostate cancer correlates with its 
extent [35]. Tumors <0.5 ml are usually incidental findings. 
Capsular penetration is uncommon in tumors <4 ml, whereas 
larger tumors usually have metastatic elements. The likeli-
hood of developing metastatic prostate cancer depends on 
the grade of the tumor. The Gleason scoring system is the 
most common method of estimating malignant potential 
[36]. The Gleason system is based on the glandular pattern 
of the tumor as identified at relatively low magnification 
(Fig. 81.6). The primary (most predominant) and secondary 

Figure  81.5  Prostate cancer incidence and mortality in the USA, 
1990–1995. Estimates were obtained by multiplying the age-specific 
incidence rates for the 11 SEER registries in the US population for each 
year (from Stanford et al. [24]).

Figure  81.6  Gleason grading system. (From Walsh PC, Retik AM, 
Vaughan ED JR, Wein AJ (eds) (1998) Campbell’s urology, 7th ed. 
Saunders, Philadelphia, with permission. Copyright Elsevier 1998).
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(second most prevalent) architectural patterns are assigned a 
grade from 1 to 5, with 1 representing the most well differ-
entiated and 5 the most poorly differentiated. A Gleason 
score is determined by summing the primary and secondary 
patterns. Men with high-grade disease (Gleason score 8–10) 
generally have a poor prognosis, whereas men with low-
grade disease (Gleason score 6) have an excellent prognosis. 
Men with Gleason score 7 tumors have a prognosis between 
these two extremes [37]. Gleason 2–5 scores are rarely 
assigned to newly diagnosed prostate cancer in contempo-
rary practice [38].

Diagnosis and Evaluation

Unlike BPH, prostate cancer rarely causes symptoms early 
in the course of the disease because most prostate cancers 
arise in the periphery of the gland distant from the urethra. 
Symptoms in men with prostate cancer suggest locally 
advanced or metastatic disease. Growth of prostate cancer 
into the urethra or bladder neck can result in obstructive or 
irritating voiding symptoms. Metastatic disease that involves 
the bones can cause pain and anemia.

Aggressive screening efforts have reduced the proportion 
of men with prostate cancer detected because of symptoms 
suggestive of advanced disease [39]. Because of the signifi-
cant risk of prostate cancer, transrectal ultrasonography and 
prostate biopsy are recommended for all men who have an 
abnormality on DRE regardless of the serum PSA level. 
Unfortunately, in both screened and nonscreened popula-
tions, DRE misses 23–45% of prostate cancers that are sub-
sequently found following prostate biopsy because of 
elevated serum PSA [40]. Routine use of the serum PSA 
assay increases the detection of prostate cancer over that 
achieved by a DRE alone. The use of serum PSA testing 
increases the lead time for prostate cancer diagnosis and the 
likelihood of detecting prostate cancers confined to the pros-
tate. Recognizing that PSA elevations are common in aging 
men because of the high prevalence of BPH, investigators 
have focused on methods of improving the ability of the PSA 
test to distinguish between men with BPH and men with can-
cer. Recommendations include adjusting serum PSA levels 
for patient age, prostate volume, and the rate of change of 
PSA values [41–43]. With the advent of specific assays quan-
tifying PSA molecular forms, the measurement of free, 
unbound PSA has been evaluated as a method of distinguish-
ing between BPH [44].

Imaging studies are frequently employed to evaluate the 
extent of prostate cancer progression. Bone scans and com-
puted tomography (CT) scans are the most common, but 
other studies include pelvic magnetic resonance imaging 
(MRI) and endorectal coil MRI. Unfortunately, most of these 

studies are insufficiently sensitive to identify microscopic 
metastases. A prospective analysis of more than 3,600 men 
demonstrated that imaging studies are positive in fewer than 
10% of cases when the serum PSA level is less than 20 ng/ml 
or the Gleason score is less than 8 [45]. Only men with serum 
PSA levels higher than 50 ng/ml are likely to have evidence 
of metastatic disease that can be identified on bone scan, CT 
scan, or MRI. Unfortunately, more than half of the men with 
newly diagnosed prostate cancer who have a serum PSA 
level over 10 ng/ml already have disease extension beyond 
the confines of the prostate [46]. Men with serum PSA levels 
over 20 ng/ml are usually poor candidates for surgical ther-
apy because of the high rate of tumor recurrence within 
5 years of surgical therapy.

Surgical Treatment of Prostate Cancer

The appropriate treatment of prostate cancer among old men 
remains controversial. Studies concerning the long-term out-
comes of men treated conservatively for their disease have 
documented the relatively modest disease-specific mortality 
among men with low and moderate grade tumors [47–49]. 
A  recently published competing risk analysis of men aged 
55–74 at diagnosis demonstrated that men with Gleason 
score 2–4 and five tumors have a 4–7% and 6–11% chance, 
respectively, of dying from prostate cancer [50]. These data 
were recently updated to include 20-year outcomes [37]. 
Older patients had a much greater chance of dying from 
competing medical hazards (Fig.  81.7). Conversely, men 
with Gleason score 7 and 8–10 tumors have a 42–70% and 
60–87% chance, respectively, of dying from prostate cancer, 
if it is treated with hormone therapy alone. Men with Gleason 
score 6 tumors face an intermediate risk (18–30%) of dying 
from prostate cancer within 15 years, if the tumors are treated 
with hormone therapy alone. Based on these results, it 
appears that men over 70 years at diagnosis with Gleason 
score 2–5 disease face a minimal risk of dying from prostate 
cancer and therefore may not be good candidates for surgical 
therapy. Men whose biopsy specimens show Gleason score 
7–10 disease face a high risk of death from prostate cancer 
when treated with hormone therapy alone, even when cancer 
is diagnosed as late as 74 years. These men may wish to con-
sider surgical treatment in an attempt to cure their disease. 
Alternatives to surgery include external beam radiation ther-
apy and implantation of radioactive seeds, often referred to 
as brachytherapy.

When choosing therapy for an individual patient with 
clinically localized prostate cancer, the age and general 
health of the patient remain critically important because of 
the indolent progression of many prostate cancers. Death 
from a localized cancer left untreated is not likely to occur 
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Figure  81.7  Survival (white lower band) and cumulative mortality 
from prostate cancer (dark gray upper band) and other causes (light 
gray middle band) up to 20 years after diagnosis stratified by age at 
diagnosis and Gleason score. Percentage of men alive can be read from 

the left-hand scale, and percentage of men who have died from prostate 
cancer or other causes during this interval can be read from the right-
hand scale (From Albertsen et al. [37], with permission. Copyright © 
2005 American Medical Association. All rights reserved).

for 8–10 years, yet the risk of death from prostate cancer 
continues to increase for at least 15 years (Fig.  81.7). In 
1989, the average life expectancy of a man aged 70 was 12.1 
years, and for a 75-year-old man it was less than 10 years 

(Table 81.2). Thus, the potential benefits of surgical interven-
tion decreases rapidly as men age.

Chronologic age is only one factor that influences life 
expectancy. Prostate cancer occurs frequently in elderly men 
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who have associated comorbid conditions. Conversely, some 
old patients are in excellent physical condition and have a 
life expectancy longer than average for their age group. The 
impact of comorbid conditions on long-term outcomes 
among men with localized prostate cancer has been assessed 
[51]. Men with significant comorbid disease, measured using 
one of several instruments, have a much higher probability of 
dying from causes other than prostate cancer compared with 
those men with no or relatively few competing medical 
hazards (Fig.  81.8). Elderly patients must carefully assess 
the risks and benefits of surgical management compared with 
those of conservative management before making a decision 
concerning which therapy is the appropriate management for 
their localized prostate cancer.

Radical Prostatectomy

Surgical excision of prostate cancer can be accomplished 
using one of several surgical approaches: a retropubic 
approach, a perineal approach, a laparoscopic approach, or a 
robot assisted approach. Each approach has its advantages 
and disadvantages, but all appear to offer the same probability 
of controlling spread of disease. Furthermore, each of these 
approaches appears to have similar outcomes including length 
of hospital stay and long-term recovery. The rate of complica-
tions associated with each of these techniques appears to be 
similar.

Radical retropubic prostatectomy done open is performed 
with the patient in the supine position and laparoscopic or 

robotic with relatively steep Trendelenberg to increase expo-
sure to the prevesicle space. The procedure is usually performed 
under general anesthesia, although regional techniques using 
an epidural catheter are popular because they decrease the 
need for narcotics during the procedure and the postoperative 
period. Usually a pelvic lymph node dissection is performed 
as the first step. The lymphadenectomy is not therapeutic but 
does provide additional pathology to stage the cancer 
more accurately. The procedure is performed by entering the 

Table 81.2  Life expectancy at single years of 
age for men, all races

Age (years) Life expectancy (years)

65 14.6
66 13.9
67 13.3
68 12.7
69 12.1
70 11.6
71 11.0
72 10.5
73 10.0
74 9.5
75 9.0
76 8.6
77 8.1
78 7.7
79 7.3
80 6.9
81 6.5
82 6.1
83 5.8
84 5.5
85 5.2

Figure 81.8  Cumulative mortality from all causes of death stratified by 
severity of comorbidities at diagnosis as measured by each of three 
instruments tested. Data are not adjusted for patient age or Gleason 
score, ICED, index of coexistent disease (From Albertsen et al. [50], 
with permission. Copyright Elsevier 1996).
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prevesicle space either directly through a lower midline inci-
sion or transabdominally, when a laparoscope or robot is 
employed. The open radical retropubic approach begins by 
incising the endopelvic fascia, controlling the dorsal vein com-
plex, and then dividing the urethra at the level of the prostate 
apex. The laparoscopic or robotic approach usually approaches 
the prostate from the posterior, developing the plane between 
the seminal vesicles and the rectum. The prostate is separated 
from the bladder neck prior to controlling the dorsal vein com-
plex and dividing the urethra at the level of the prostate apex. In 
young men, care is taken to preserve the neurovascular bundles 
that lie on either side of the prostate apex. Unfortunately, among 
older men, there is a high probability of impotence associated 
with this procedure. Once the prostate and seminal vesicles 
have been removed, the bladder neck is repaired and secured to 
the stump of the urethra. Careful dissection around the apex of 
the prostate to avoid injury to the pelvic floor musculature 
should minimize the chance of incontinence.

All techniques for performing a radical prostatectomy are 
associated with complications, which increase with the 
patient’s age. An analysis of more than 100,000 Medicare 
claims has demonstrated that approximately one in four 
patients suffers a major or minor complication associated with 
these procedures [52]. The radical retropubic approach had 
higher risks of respiratory complications and miscellaneous 
medical complications and a lower risk of miscellaneous sur-
gical complications. The perineal approach resulted in a 1–2% 
incidence of rectal injury, but this appears to be offset by the 
medical complications of the gastrointestinal tract with the 
retropubic approach. Short-term mortality following radical 
prostatectomy is low; approximately 0.5% for men under age 
70 and about 1.0% for men aged 75 and older. Table 81.3 dem-
onstrates that the risk of mortality increases sharply with age.

Long-term complications associated with radical pros-
tatectomy include impotence and incontinence. Although 
modern surgical techniques have decreased the incidence of 
postsurgical incontinence, reported rates of this complica-
tion vary widely. Patient reports of incontinence have been as 
high as 31%, whereas reports from tertiary medical centers 
suggest rates under 10% [53–55]. The age of the patient and 
whether an anastomotic stricture develops influence the 
recovery of continence. Patients over age 65 have a greater 
risk of incontinence compared to men under age 65.

Return of erectile function has also been correlated with 
patient age. Quinlan et al. evaluated 503 potent men between 
the ages of 34 and 72 who underwent radical retropubic 
prostatectomy [56]. Among men under the age of 50, about 
90% were potent if one or both neurovascular bundles were 
preserved [57]. Among men age 65–69, only 27% recovered 
sexual function. Recovery of sexual function is likely to be 
even lower among men 70 years and older.

Only one randomized trial has been conducted to evaluate 
the efficacy of radical prostatectomy in the treatment of 
localized prostate cancer. Recently Bill-Axelson et al. pub-
lished 11-year outcomes from a randomized trial comparing 
radical prostatectomy against surveillance for men with clin-
ically localized prostate cancer [58]. They found that all 
cause survival was not significantly different between the 
two arms of the study, although there was a modest decrease 
in prostate cancer mortality from 18% in the watchful wait-
ing arm to 13% in the radical prostatectomy arm. Interestingly, 
this benefit was only seen in men less than 65 years at the 
time of diagnosis and was achieved primarily during the first 
5 years following treatment.

Conclusions

Prostate diseases cause significant morbidity and mortality 
among elderly men. Both BPH and prostate cancer are rela-
tively rare before age 50 but become increasingly common 
as men age into their 60s and 70s. For many patients with 
mild or moderate symptoms of bladder outlet obstruction, 
watchful waiting or various medical therapies may be suffi-
cient therapy. As symptoms worsen, however, surgical treat-
ment may offer the best chance of relieving symptoms of 
urinary frequency, hesitancy, and slow stream. Most patients 
with symptomatic BPH should be offered therapy with an 
a-blocker or a 5a-reductase inhibitor before proceeding to 
transurethral prostatectomy. Only patients with large pros-
tates should be considered for open prostatectomy. Minimally 
invasive thermal therapies are available but both short- and 
long-term efficacy appear to be inferior to standard surgical 
techniques.

Prostate cancer poses a much more difficult problem for 
elderly men, especially men with well or moderately differ-
entiated tumors. Prostate cancer in these men is frequently a 
slow-growing tumor, and other medical hazards may become 
the dominant medical problem long before the cancer 
metastasizes.

Patients must carefully assess the relative risks and bene-
fits of a surgical approach compared with other less invasive 
options, such as delayed hormone therapy or irradiation 
before proceeding with radical prostatectomy. Men with 
high-grade prostate cancers (Gleason scores 8–10) face a 

Table  81.3  Thirty-day mortality following radical prostatectomy by 
age and surgical approach

Age (years)

30-Day mortality, by surgical approach (%)

Retropubic approach Perineal approach

65–69 0.45 0.22
70–74 0.60 0.36
75+ 1.04 0.95
Overall 0.56 0.37
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significant risk of dying from their disease even when it is 
diagnosed as a localized disease as late as age 74. These men 
may want to consider radical prostatectomy as the preferred 
treatment option. Fortunately, in 2008, the primary risk asso-
ciated with radical prostatectomy is impotence. Incontinence 
is less common, while mortality from surgery is a relatively 
rare event.
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Introduction

Nonmalignant genital tract conditions and pelvic floor disor-
ders including pelvic organ prolapse and incontinence are 
common gynecologic problems encountered by the older 
woman. With the rapidly increasing population of active 
older American women, physicians can expect to provide 
evaluation and treatment of these conditions with increasing 
frequency. These conditions are typically amenable to both 
medical and surgical therapies making individualization of 
treatment approaches important. An anatomically directed 
survey of nonneoplastic conditions of the lower and upper 
genital tract conditions is presented along with a discussion 
of pelvic floor support disorders common in the older woman. 
Evidenced-based evaluation and treatment suggestions are 
provided.

Menopause

Menopause is defined as 12 months of amenorrhea second-
ary to cessation of ovulation. It can also be induced by surgi-
cal oophorectomy, chemotherapy, or radiation [1]. The 
transition into menopause (perimenopause) typically begins 
4 years prior to the last period [2] and starts with irregular 
cycle lengths during which estrogen levels can be normal or 
elevated. Ultimately, estrogen and progesterone levels 
decrease with subsequent increase in follicle-stimulating 
hormone (FSH) levels. Postmenopausal estradiol levels, the 
most potent estrogen, are typically < 20 pg/mL, while FSH is 
most often >70 mU/mL. Testosterone production, however, 
is maintained by the ovaries and adrenal glands maintaining 

serum levels of testosterone at 2–40  mg/dL. Even though 
estrogen production declines dramatically with menopause, 
a small amount of production continues via peripheral 
conversion of androgens by aromatase in adipocytes [2]. The 
natural process of aging results in increased fat body mass 
and decreased lean body mass such that obese postmeno-
pausal women can manifest conditions due to estrogen 
excess, such as endometrial hyperplasia and carcinoma. In 
the USA, the mean age of menopause is 51 years [2] with 
cigarette smoking and low socioeconomic status being risk 
factors for premature (<40 years old) menopause [1].

Symptoms attributed to menopause include vasomotor 
symptoms (hot flushes and night sweats), vaginal atrophy symp-
toms (itching, dryness, and painful intercourse), urinary 
incontinence, sleeping difficulty, depression, anxiety, mood 
changes, cognitive decline, and somatic complaints. However, 
only vasomotor symptoms, atrophy symptoms, and trouble 
sleeping are consistently related to menopause in longitudi-
nal studies [1–3]. A hot flush is the sudden feeling of warmth 
of the chest, neck, and/or face. It lasts for about 4 min, usu-
ally no longer than 5 min, and may have concurrent perspira-
tion followed by a chill [1, 2]. Hot flushes occur most 
commonly in the late perimenopause (~65% of women). 
Symptoms decrease in intensity over time with up to 90% of 
women having complete resolution in 5 years [1]. The physi-
ology behind hot flashes is poorly understood, but theories 
center around hypothalamic control in relation to hormonal 
changes with the transition to menopause [1, 2].

Estrogen therapy is the most effective treatment for vaso-
motor symptoms [4]. However, use of systemic estrogen 
has been complicated by results from the Women’s Health 
Initiative (WHI), which found that systemic estrogen alone 
increased the risk of stroke (relative risk 1.39), while the 
addition of progestin increased the risk of coronary events 
(relative risk 1.28), breast cancer (relative risk 1.26), and 
pulmonary embolism (relative risk 2.13) [2]. The absolute 
increase in risk for these events is lower in the younger 
menopausal women [2]. A description of the criticisms and 
various organizational guidelines regarding hormone 
replacement therapy is beyond the scope of this chapter. 
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The American College of Obstetricians and Gynecologists 
and the North American Menopause Society recommend 
that the lowest effective dose of systemic estrogen (plus 
progestin if the uterus is present) should be used, and estro-
gen replacement should not be used for disease prevention 
[1, 2, 4]. Alternative medicines for the treatment of vasomo-
tor symptoms, especially when estrogen is contraindicated, 
include paroxetine, clonidine, and gabapentin [1, 2].

Connective tissue, in general, is sex-hormone-sensitive. 
Therefore, menopause may also be associated with a loss of 
skin elasticity and strength of bone because of the estrogen 
sensitive collagen of these structures. Postmenopausal 
women who are given a combination of estrogen and testos-
terone have been reported to have greater skin collagen con-
tent and greater skin thickness than do untreated women [5]. 
In untreated women, skin collagen content is inversely pro-
portional to the amount of time since menopause. It also has 
been shown that oral or transdermal estrogen given together 
with medroxyprogesterone acetate significantly increases 
skin collagen content in postmenopausal women [5].

Lower Genital Tract

Vulva

The vulva includes the portions of the genitalia that are exter-
nally visible: the mons pubis, labia majora and minora, clito-
ris, and vestibule. Within the vestibule are the hymen, vaginal 
orifice, urethral meatus, and the openings of Skene’s and 
Bartholin’s ducts [6]. The vulva is covered by keratinized 
stratified squamous epithelium with the exception of the ves-
tibule which, like the vagina, is not keratinized.

Skin changes that occur with menopause and the accom-
panying decrease in ovarian estrogen production are evident 
on the vulva as they are on all skin surfaces. These changes 
include dryness, roughness, wrinkling, and loss of turgor. 
Structurally, there is flattening and decreased thickness of 
the epidermis and dermis, an overall decrease and change in 
distribution of subcutaneous fat, and loss as well as depig-
mentation of hair. These changes lead to functional loss of 
the skin’s barrier function, elasticity, mechanical protection, 
and wound healing [7].

Lichen Sclerosus

Lichen sclerosus is a chronic, benign epithelial condition 
associated with characteristic skin changes as well as vulvar 
pain and pruritus. The vulva is the most common site at up to 
96% of cases, but lesions can be seen on any skin surface [8]. 

The condition typically occurs in postmenopausal women, 
with a mean age of 52.6 years at time of diagnosis in one 
study, but can also be seen in children, premenopausal 
women as well as men [9]. The etiology is unknown, but pos-
sible mechanisms include genetic and/or local vulvar factors 
as well as immunologic abnormalities [10, 11].

Patients typically complain of vulvar pruritus, the hall-
mark symptom of the condition, along with pain or irritation; 
however, some women are asymptomatic. Other common 
symptoms include dysuria and painful defecation if fissures 
are present, and dyspareunia associated with introital steno-
sis. On physical examination, the classic features of the dis-
ease are thin, pale, wrinkled (often described as “parchment 
paper”) skin on the labia (Fig. 82.1). Excoriations may be 
present secondary to scratching, and fissures can be seen 
perianally or between the labial folds and around the clitoris. 
More advanced disease can lead to the destruction of labial 
and clitoral architecture, with nearly complete midline fusion 
of the labia. One important distinctive feature of lichen scle-
rosus is that the vagina and cervix are not involved [12].

Diagnosis is based on high-clinical suspicion and confir-
matory 3 mm punch biopsy, as other vulvar dystrophies can 
have a similar appearance. Women with lichen sclerosus also 
have an increased risk of invasive squamous cell cancer of the 
vulva [13]. High-potency topical corticosteroids are the main-
stay of therapy for lichen sclerosus, typically with clobetasol 
or halobetasol propionate 0.05% ointment nightly for at least 
4 weeks followed by a slow taper when symptoms resolve. 
Approximately 95% of patients will have complete or partial 
resolution of their symptoms with this regimen [14, 15]. 

Figure 82.1  Lichen sclerosus. Note the destruction of normal architec-
ture and “parchment paper” skin.
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Maintenance therapy with twice weekly dosing may decrease 
flares or recurrent symptoms, though some experts recom-
mend stopping therapy with resolution of symptoms and only 
retreating for recurrences [16]. It is unclear whether mainte-
nance therapy reduces the chance of malignant evolution, so 
any recurrent or persistent lesions should be rebiopsied to rule 
out cancer [17]. Topical immunosuppressants have shown 
some promise in lichen sclerosus, but are currently consid-
ered second-line therapy for disease that is unresponsive to 
high-potency corticosteroids [12].

Lichen Simplex Chronicus

Lichen simplex chronicus is an eczematoid disease of hyper-
keratotic, scaling plaques of varying pigmentation that is 
associated with severe vulvar pruritus. It may commonly be 
seen in conjunction with a number of other vulvar skin disor-
ders and is ultimately brought about by chronic scratching 
and irritation from both environmental and dermatologic 
processes [18]. Lichen simplex chronicus has been found to 
be associated with a history of atopic disease in up to 75% of 
patients, and typically presents later in adult life though it 
can be seen in children. Initiating events range from chronic 
heat and excessive sweating to candidal infection or other 
dermatoses such as lichen sclerosus [12].

Diagnosis of lichen simplex chronicus is based on a his-
tory of vulvar irritation, pruritus, and typical hyperkeratotic 
lesions on examination. Ulcers and excoriations are some-
times seen due to chronic scratching. Biopsy may be done to 
identify the underlying disease (e.g. lichen sclerosus), and 
vaginal yeast cultures may also be helpful in this regard [12]. 
First-line therapy involves treatment of any underlying condi-
tions, and topical corticosteroids may be used for symptom-
atic relief of inflammation and itching. Additionally, hygiene 
measures are important in controlling chronic vulvar wetness 
and avoiding potential irritants (strong soaps, perfumes, or 
detergents) that might exacerbate or prolong the condition.

Lichen Planus

Lichen planus is another inflammatory disease involving the 
genital mucosa that is thought to be caused by a cell-mediated 
autoimmune mechanism [19]. Unlike other vulvar derma-
toses, lichen planus is more commonly found on nonvulvar 
skin or the mucosal membranes, especially the buccal mucosa 
[20]. Oral lichen planus is present in approximately 1% of 
the population, and up to one-fourth of women with oral dis-
ease will also have genital disease. The condition generally 
presents from 30 to 60 years, and the typical lesions seen are 

white reticulate striae on the buccal mucosal surface 
(Wickham’s striae). Vulvar and skin lesions tend to consist of 
shiny, pruritic, violaceous papules; vulvar lesions can be less 
well demarcated and may even appear as white patches that 
are difficult to distinguish from lichen sclerosus [12]. The 
erosive form of lichen planus can lead to extremely painful 
erosions of the posterior vestibule and labia minora, with 
eventual architectural destruction, scarring and narrowing of 
the introitus; patients with such advanced disease complain 
of dyspareunia and difficulty voiding [12].

Diagnostic biopsy specimens are usually nonspecific, but 
classic findings in lichen planus include liquefactive degen-
eration of the basal cell layer and a band-like lymphocytic 
dermal infiltrate [21]. However, biopsy does help to rule out 
immunobullous diseases as well as cancer. There are a num-
ber of treatment options for lichen planus; unfortunately, 
though, response is typically poor and therapy goals should 
focus on long-term maintenance of symptoms rather than 
complete control. Patient education, behavioral modification, 
and emotional support are all important components of any 
treatment plan. Medication options include topical and/or 
systemic high-potency corticosteroids, topical and oral 
cyclosporine, as well as a number of other immunomodula-
tors [12]. In our experience, Tacrolimus (Protopic) 0.1% oint-
ment applied twice daily has been used with some success.

Bartholin’s Cysts and Abscesses

Bartholin’s glands are located near the 4 and 8 o’clock posi-
tions on the posterolateral aspect of the vaginal opening. The 
ducts from Bartholin’s glands empty into the vestibule, and 
obstruction of these orifices from chronic inflammation can 
lead to Bartholin’s cysts, which are typically asymptomatic 
unless they become large. These ducts and cysts may also 
become infected and evolve into polymicrobial abscesses, 
which generally present with exquisite pain and swelling. 
The incidence of Bartholin’s cysts or abscesses is up to 2% 
over a woman’s lifetime, but tends to be less common during 
the postmenopausal years [22]. Due to the possibility of 
underlying Bartholin’s gland carcinoma, cysts and abscesses 
in women over the age of 40 should be drained and biopsied 
at the first occurrence, followed by complete excision of the 
gland for recurrent disease [23].

Vulvodynia

Vulvodynia is defined as chronic pain in the vulvar area last-
ing at least 3–6 months [24]. In 2003, the International Society 
for the Study of Vulvovaginal Disease classified vulvar pain 
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into two categories: (1) vulvar pain related to an underlying 
disorder (infection, inflammation, neoplasm, or neurologic 
disease) and (2) vulvodynia, defined as vulvar burning or dis-
comfort in the absence of any identifiable cause [25]. The true 
prevalence is unknown, but has been reported to be between 
10 and 16% over a woman’s lifetime, and tends to be more 
common in older patients [26, 27]. The etiology of vulvo-
dynia is also unclear, but is thought to have a neuropathic 
basis related to long-term tissue damage; it may also be 
related to changes in hormonal status, possibly explaining its 
temporal association with menopause [28].

While all patients present with complaints of pain, their 
descriptions may be widely variable with respect to location, 
timing, character, and provocations. Many patients believe 
that they have – and may have been treated for – chronic, 
recurrent yeast infections. Vulvodynia has been associated 
with co-existing conditions such as depression, interstitial 
cystitis, fibromyalgia, irritable bowel syndrome and frequent 
urinary tract, and yeast infections [27]. The diagnosis of vul-
vodynia is one of exclusion, and many times vulvar ery-
thema, tenderness to palpation and/or allodynia may be the 
only physical exam findings; vaginal pH, wet mounts, and 
yeast cultures may help to exclude other causes.

Vulvodynia can also be a frustrating treatment dilemma, 
as specific triggers for the pain patients experience are often 
difficult to identify. General measures should include educa-
tion, emotional support, hygiene measures, and behavioral 
therapy; referral to a pain specialist may be helpful, and 
physical therapy involving pelvic floor muscle rehabilitation 
can be effective in patients with vaginismus and pelvic floor 
hypertonicity [29]. First-line pharmacologic therapy consists 
of tricyclic antidepressants (e.g., amitriptyline 10 mg nightly, 
increasing by 10 mg weekly until symptoms improve) with 
or without a topical anesthetic. Topical lidocaine gel may be 
used on a scheduled basis up to six times a day, or on an as 
needed basis for intercourse. With the tricyclic antidepres-
sants, care must be taken to watch for anticholinergic side 
effects as they may be more pronounced in the geriatric pop-
ulation. Other pharmacologic options include gabapentin, 
duloxetine, and the addition of topical estrogen if atrophy is 
present. For pain unresponsive to these therapies, local nerve 
block with a corticosteroid and lidocaine has been found to 
provide temporary relief, and referral to a pain management 
specialist may be appropriate in this case [30].

Cervix

In the geriatric patient, the appearance of the cervix changes 
in comparison to that of premenopausal patients as the trans-
formation zone is usually found high within the endocervical 

canal. The cervix may also atrophy and become flush with 
the vaginal vault. While problems arising from the cervix are 
rare, two of the more common conditions in menopausal 
women are cervicitis and cervical stenosis.

Cervicitis in postmenopausal females is typically related 
to atrophic changes rather than an infectious process and can 
be a common cause of vaginal bleeding in this patient popu-
lation. If there is no evidence of sexually transmitted or 
superimposed infection, treatment with vaginal estrogen 
should be started. A wet mount slide and/or cultures should 
be performed to evaluate any associated suspicious dis-
charge, and appropriate antibiotics prescribed for any infec-
tious process.

In addition to cervicovaginal atrophy, the menopausal 
decrease in estrogen also induces changes in the endocervi-
cal canal that may lead to the agglutination of the cervix, 
ultimately resulting in complete stenosis. This can obstruct 
the outflow of secretions and debris from the atrophic endo-
metrial cavity, leading to hematometria or hydrometria; pyo-
metria can occur if this accumulation of debris becomes 
infected.

Urogenital Atrophy and Vaginitis

During the menopause, the vagina, in particular, thins and 
loses elasticity. In addition, the vagina undergoes a decrease 
in blood flow and secretions. For a third of women, this 
results in dryness, discomfort, itching, and/or painful inter-
course early in menopause and is often referred to as atro-
phic vaginitis. Unlike vasomotor symptoms, atrophy 
symptoms continue or worsen and the prevalence increases 
to about half of women with aging. Additionally, lack of 
estrogen changes the vagina from an acidic to a more basic 
environment, which favors colonization with enteric poten-
tially uropathic bacteria [1–3]. Low doses of transvaginal 
creams, pessaries, tablets, and rings are likely equally effec-
tive in treating symptoms of vaginal atrophy and are not 
associated with significant systemic absorption [3]. Reversing 
vaginal atrophy before vaginal surgery is often performed 
(Fig. 82.2).

Other less common forms of vaginal irritation in the 
older women include bacterial vaginosis (BV) and candidi-
asis. In the atrophic vagina with a higher pH, lactobacilli, 
and yeasts are less commonly found likely explaining the 
decreased incidence of candidiasis [31]. Differentiation 
between these causes of vaginal irritation is important. 
Increased vaginal pH is found with both BV and atrophy. 
The discharge with BV is malodorous, thin, homogenous, 
grayish, and adherent to the vaginal walls. Candidiasis is 
odorless and “cottage cheese” like in appearance; the labia 



108782  Benign Gynecologic Disorders in the Older Woman

can be erythematous and edematous with satellite lesions. 
BV also has a characteristic fishy odor with the application 
of potassium hydroxide. On saline wet mount, BV has clue 
cells (epithelial cells stippled with bacteria), while candidi-
asis has pseudohyphae [32]. With atrophy, the wet mount is 
predominantly intermediate and parabasal epithelial cells 
with few or no superficial cells [33]. Antibiotic treatment 
for BV and anticandidal regimens is effective and routinely 
prescribed by practitioners caring for older women [32].

The lower urinary tract is also estrogen sensitive, as 
estrogen receptors are found in the bladder and urethra. 
Symptoms of dysuria, urethral discomfort, overactive blad-
der (OAB), hematuria, urinary tract infections (UTIs), and 
urinary incontinence (UI) are associated with aging. 
Estrogen had been a mainstay of treatment of urinary tract 
symptoms, generally based on small observational studies 
[34]. However, a 2003 Cochrane review called into question 
the routine use of systemic estrogen as a therapeutic agent 
for UI. Fifteen of the 28 trials in this review favored estro-
gen use to treat UI, but the results from the Heart and 
Estrogen/Progestin Replacement Study (HERS) swayed the 
analysis towards estrogen worsening UI [35]. This review 
was followed by the negative findings in the Women’s 
Health Initiative which showed increased or worsening of 
UI in women taking estrogen and progesterone or estrogen 
alone [34]. It is important to note that the influence of differ-
ent estrogen formulations and route of delivery, in particular 
transvaginal estrogen, have yet to be elucidated. However, it 
is clear that systemic estrogen has not been shown to improve 
OAB or urinary incontinence and may actually worsen them 
[1, 34]. There is a role for transvaginal estrogen in prevent-
ing recurrent UTIs [36].

Urethra

Urethral Prolapse

The female urethra is typically 4 cm in length and is distally 
lined by nonkeratinized squamous epithelium. This epithe-
lium and its spongy submucosa are estrogen sensitive and 
intrinsically remain sealed to each other. Two adherent smooth 
muscle layers are also present, an inner longitudinal layer and 
an outer circular layer. A circular disruption in this distal anat-
omy can result in prolapse out of the external meatus [37].

Urethral prolapse is relatively rare in the menopausal 
women but is associated with a lack of estrogen as it is found 
in prepubertal girls and postmenopausal women. Bleeding is 
the most common symptom, followed by voiding symptoms 
such as dysuria, urgency, frequency, and nocturia. If stran-
gulated, suprapubic pain can occur. Concurrent infection is 
common [37].

Since urethral prolapse is rare, careful examination is 
needed to confirm the diagnosis, as the more common ure-
thral caruncles and rare malignancy are in the differential 
diagnosis. Urethral prolpase is distinguished by the circum-
ferential prolapse with a central opening, which can be cath-
eterized to confirm the presence of the urethra. Significant 
swelling can lead to anatomical distortion, strangulation, and 
potentially necrosis and may necessitate examination under 
anesthesia to confirm the diagnosis with possible surgical 
correction. Imaging studies are seldom necessary once the 
diagnosis has been confirmed with catheterization; otherwise, 
malignancy should be considered. Histologically, inflamma-
tory infiltrates are seen in the underlying connective tissue.

Figure 82.2  Vaginal atrophy treated with estrogen cream. (a) A thin 
vaginal epithelium (0.075 mm) where the estrogen sensitive superficial 
cell layer (flatter cells with smaller nuclei) composes a smaller propor-

tion of the epithelium. (b) Epithelial changes after nightly treatment 
with 50 mg of estrogen cream. The thicker epithelium (0.4 mm) con-
tains a larger proportion of superficial cells.
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Treatments include warm sitz baths, transvaginal estrogen 
cream, topical steroids to reduce inflammation and antibiot-
ics for infection [38, 39]. Estrogen has been reported to 
resolve the prolapse within 6 weeks [39]. If conservative 
management fails or if strangulated, surgical excision, and 
short-term catheterization (less than a week) should be per-
formed [40]. Long-term transvaginal estrogen should be 
included in the postoperative care.

Urethral Caruncles

Urethral caruncles are benign, usually small, asymptomatic 
reddish exophytic lesion coming off of the posterior urethra. 
Often they are an incidental finding but can present with 
dysuria, tenderness, or bleeding especially if they enlarge to 
1–2 cm (Fig. 82.3). The etiology likely starts with incom-
plete urethral prolapse, which becomes chronically irritated 
and takes a polypoid form. Like urethral prolapse, its origins 
are attributed to estrogen deficiency but are more common in 
older women being rarely found in premenopausal women or 
prepubertal girls. Cystoscopy is generally unnecessary. 
Treatment of symptomatic urethral caruncles is conservative 
and consists of sitz baths, transvaginal estrogen therapy, and 
anti-inflammatories when necessary. When clinical differen-
tiation from cancer is difficult, such as a large (1–2  cm) 
lesion, there is a failure of medical therapy, or in the presence 
of severe symptoms, surgical excision biopsy should be con-
sidered [41].

Urethral Diverticulum

A urethral diverticulum is an outpouching of the urethra into the 
anterior vaginal wall and is uncommon past 60 years of age. It 
is thought to be the result of obstruction of periurethral glands 
and is most commonly found in the distal urethra. Symptoms 
include dysuria, dribbling, urgency, frequency, and dyspareunia. 
On examination, it feels like a suburethral mass that is tender 
and can be hard if a stone is present. Urine or purulence may be 
expressed from the meatus when massaged. The differential 
diagnosis includes vaginal wall cysts from an embryologic rem-
nant or local gland, ectopic ureterocele, and, rarely, malignancy. 
Magnetic resonance imaging (MRI) is the diagnostic imaging 
modality of choice to confirm the diagnosis, location, and size. 
Surgical excision is recommended treatment [42].

Upper Genital Tract

Uterus

Many of the changes evident in the postmenopausal uterus are a 
direct result of decreasing estrogen levels. There is an estimated 
95% decline in blood estrogen concentration from the premeno-
pausal to postmenopausal state [43]. The postmenopausal uterus 
undergoes involution and gradually becomes smaller with age. 
Benign abnormalities of the uterus, especially abnormalities of 
the uterine cavity, may result in postmenopausal bleeding, and 
endometrial cancer must be ruled out when it occurs in this age 
group. The primary causes of postmenopausal bleeding include 
vaginal atrophy with friability, endometrial atrophy, endometrial 
hyperplasia, endometrial and cervical polyps, and invasive can-
cer. The workup of all postmenopausal bleeding should consist 
of an endometrial biopsy either in the office or in the operating 
room when confronted with cervical stenosis or difficulty with 
patient discomfort. The use of ultrasound may be a useful first 
step in determining the existence of a thickened endometrium.

Endometrial Atrophy

Endometrial atrophy is a frequent cause of postmenopausal 
uterine bleeding. The surface epithelium of the uterine cav-
ity, otherwise known as the endometrial layer, is known to 
undergo cellular and glandular loss, likely as a result of low-
ered estrogen levels [44]. This ultimately thinned endome-
trial surface is subject to bleeding, especially as a result of 
trauma. The collapsed, atrophic endometrial surfaces contain 
little or no fluid to prevent intracavitary friction [45]. 
Microerosions of the surface epithelium then develop that 
are prone to light bleeding or spotting.

The diagnosis of endometrial atrophy is confirmed by 
endometrial biopsy or by ultrasound (double layer thickness 

Figure 82.3  Urethral caruncle. Note it is a reddish, exophytic lesion off 
of the posterior urethra.
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less than 4 mm). Adequate estrogen therapy is nearly always 
effective in relieving symptoms of both endometrial and vagi-
nal atrophy. Although many oral preparations are available for 
the treatment of endometrial atrophy, local vaginal estrogen 
therapy has also been shown to be effective and well tolerated 
in the treatment of endometrial atrophy, but should be accom-
panied by a progestin for doses greater than 50 mg [3, 46].

Endometrial Polyps

Endometrial polyps, which are hyperplastic overgrowths of 
endometrial glands and stroma, develop from the endometrial 
basalis layer and are likely the result of estrogenic stimulation. 
The known association of large endometrial polyps with tamox-
ifen [47], a selective estrogen receptor modulator, strengthens 
this likelihood. The incidence peaks in the fifth decade of life; 
fortunately for most postmenopausal women, the incidence of 
endometrial polyps greatly decreases after menopause. They 
may be solitary or multiple and are usually pedunculated. Most 
are benign, with an estimated 1.5% being malignant [48]. In 
addition, while most are asymptomatic, they account for 
12–25% of cases of postmenopausal bleeding [49, 50].

Endometrial polyps are diagnosed only by microscopic 
evaluation of the specimen postremoval, although they can be 
further evaluated and characterized using sonohysterography 
(Fig. 82.4). Saline infusion sonography has been shown to be 
more accurate than ultrasound alone in diagnosis, with a sen-
sitivity and specificity of 93 and 94%, respectively, compared 
to 65 and 76%, respectively, for ultrasound alone [51].

Treatment is removal by dilatation and curettage (D&C) or 
hysteroscopic guided polypectomy. Excision is essential to rule 
out carcinoma. Treatment decisions based on ultrasonography 
and hysteroscopy provide little utility as neither can adequately 
distinguish between benign and malignant polyps [48, 52].

Leiomyomas (Fibroids)

Benign uterine leiomyomas, otherwise known as fibroids, 
are hormonally responsive and typically decrease in size 
after menopause [53]. Although leiomyomas tend to atrophy 
as the woman ages, their presence can cause concern during 
bimanual exams or with their appearance on imaging stud-
ies. Medical therapy to decrease fibroid size is generally not 
indicated in the older postmenopausal woman. Additionally, 
surgical interventions for simple uterine fibroids in the post-
menopausal female usually are not indicated. However, while 
most uterine masses ultimately prove to be benign fibroids, a 
rapidly enlarging pelvic mass may represent a uterine leio-
myosarcoma. These are relatively uncommon, accounting 
for only 1–2% of postmenopausal uterine masses [54]. With 
any enlarging or persistent uterine mass, evaluation in the 
form of ultrasonography, computed tomography, and referral 
to a gynecologic specialist is warranted to exclude sarcoma.

Endometrial Hyperplasia and Cancer

Endometrial hyperplasia, or excessive proliferation of the uter-
ine endometrium, can occur from many conditions, almost all 
associated with long-term unopposed estrogen stimulation. Risk 
factors for endometrial hyperplasia, other than direct unopposed 
estrogen stimulation include obesity, nulliparity, diabetes, early 
menarche, late menopause, polycystic ovarian syndrome, and 
tamoxifen therapy for greater than 2 years [55].

Endometrial hyperplasia is classified as either atypical 
hyperplasia or hyperplasia without atypia. These classes are 
further subdivided into two categories: simple and complex, 
with complex and atypical classifications having higher risks 
for malignancy. The diagnosis of endometrial hyperplasia is 
made from direct tissue sampling in the form of an office 
endometrial biopsy sampling or D&C. Treatment strategies 
center around the use of progestins. Progestins can be used 
for both simple and complex hyperplasia, both with and with-
out atypia. Untreated endometrial hyperplasia can progress to 
endometrial carcinoma, so early treatment is paramount. 
Endometrial cancers are covered in Chap. 83.

Ovary

As women progress into menopause, there is a marked deple-
tion of ovarian follicles resulting in decreased synthesis of 

Figure  82.4  Saline infusion sonohysterogram of a perimenopausal 
patient with abnormal uterine bleeding. A polypoid lesion is seen 
extending near the anterior fundal region. This measures 10.2 × 6.7 mm 
(calipers). At the time of D&C with hysteroscopy, a polyp was identi-
fied and confirmed by pathology (reprinted with permission from 
Goldstein SR (2008) Abnormal uterine bleeding. In: Gibbs RS, Karlan 
BY, Haney RF, Nygaard IE (eds) Danforth’s Obstetrics and Gynecology, 
10th ed. Lippincott Williams & Wilkins, Philadelphia, p 668).
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circulating estrogen. The ovaries become atrophic becoming 
smaller in size than those of the premenopausal woman and 
are typically not palpable on bimanual examination. This 
may present a problem as the gynecologist or primary care 
physician attempts the examination, however, yearly exami-
nations are paramount for the early detection of ovarian neo-
plasms. In the older woman, a combined rectovaginal 
examination may assist with the routine pelvic exam in 
detecting ovarian abnormalities. The incidence of ovarian 
neoplasms in the postmenopausal patient rises rapidly and 
plateaus until the age 70 and then rapidly declines.

Benign ovarian enlargement or benign cysts are rarely 
found in the postmenopausal female, as the ovary is inactive. 
Benign teratomas missed at an earlier age are sometimes 
found, but in general, most postmenopausal ovarian masses 
are suspect for malignancy. Management of ovarian tumors 
is discussed in Chap. 83.

Pelvic Floor Disorders

The national prevalence of symptomatic pelvic floor defects 
including pelvic organ prolapse (POP), urinary incontinence 
(UI), and fecal incontinence (FI) has been estimated to be 
23.7%, regardless of age. Older women are far more affected, 
with rates up to 49.7% in women 80 years old and older [56]. 
The prevalence of anatomic stage II–IV POP using the Pelvic 
Organ Prolapse Quantification (POPQ) [57] (see Table 82.1 and 
Fig. 82.5) examination in the general population was reported to 
be 37%; prevalence in an older population of women with a 
mean age of 68 years was 64.8% [58]. Clearly, these are highly 
prevalent conditions and contribute significantly to older wom-
en’s overall quality of life. Despite the availability of effective 
evaluation and treatment methods, women continue to suffer 
needlessly, with nearly 50% of affected women neglecting to 
inform their healthcare providers about their symptoms [59].

The etiology of POP and incontinence is complex, involving 
potential injury to, or attenuation of the many ligaments, mus-
cles, connective tissue, and innervation of the pelvis. These 
conditions are associated with several risk factors including 
age, parity, abdominal circumference, and body mass index. 
Vaginal support defects as defined by DeLancey include Level I 
apical support defects (the cardinal–uterosacral ligament com-
plex), Level II defects including cystocele, rectocele, or para-
vaginal defects (a defect in vaginal support at the level of the 
arcus tendineous fascia pelvis), or a Level III defect, detach-
ment of the perineal body (Fig. 82.6) [60].

It is common for the older woman to be affected by more 
than one pelvic floor condition. POP can be associated with 
urinary as well as bowel dysfunction/incontinence. Women 
with advanced POP may experience voiding dysfunction, 
caused by urethral obstruction. Older women are at risk for 

coexisting urinary and fecal incontinence. A thorough his-
tory will elucidate these associated symptoms. An evalua-
tion for occult incontinence may be warranted in cases of 
advanced prolapse, as an incompetent urethra may be 
masked by the urethral kinking associated with advanced 
organ descent.

The diagnosis of POP is made during a pelvic examina-
tion. The full extent of tissue prolapse may not be appreci-
ated unless the patient stands or uses a strong valsalva 
force. Bladder and bowel dysfunction may require the use 
of further diagnostic testing such as urodynamics, anal 
manometry and ultrasound, or electromyography of the 
pelvic floor.

Urinary incontinence (UI) is defined as the complaint of 
any involuntary leakage of urine [61]. Diagnostic categories 

Table 82.1  Stages of pelvic organ prolapse

Stage 0 No prolapse is demonstrated. Points Aa, Ap, Ba, and 
Bp are all at −3 cm, and point C is between total 
vaginal length (TVL) and −(TVL −2 cm)

Stage I The most distal portion of the prolapse is >1 cm above 
the level of the hymen

Stage II The most distal portion of the prolapse is <1 cm 
proximal or distal to the plane of the hymen

Stage III The most distal portion of the prolapse is <1 cm below 
the plane of the hymen but no further than 2 cm less 
than the total vaginal length

Stage IV Complete to nearly complete eversion of the vagina. 
The most distal portion of the prolapse protrudes to 
> + (TVL −2) cm

Figure 82.5  Six sites (points Aa, Ba, C, D, Bp, and Ap), genital hiatus 
(gh), perineal body (pb), and total vaginal length (tvl) used for pelvic 
organ support quantification (from Bump et  al. [57]. Reprinted with 
permission from Elsevier).
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of UI include stress incontinence (leakage associated with 
episodes of increased intra-abdominal pressure), urge uri-
nary incontinence (leakage associated with urgency and 
involuntary detrusor muscle contractions), overflow inconti-
nence (seen when bladder emptying is insufficient), and 
mixed incontinence (any combination of the above).

Initial evaluation techniques center on the treatment of 
reversible causes of UI, for example, infection, inappropriate 
medication use, and mobility issues. After a thorough his-
tory, the examination focuses on pelvic/bladder anatomy and 
neurologic status. Bladder physiology and function may be 
further characterized using a stress test or urodynamic assess-
ment, a diagnostic means of observing bladder neurologic 
and motor/muscle physiologic function.

Medical/Nonsurgical Treatment of POP and UI

Nonsurgical therapy of POP and urinary incontinence includes 
behavioral management (pelvic floor muscle rehabilitation 
and for incontinence the teaching of stress and urge inconti-
nence strategies), medications, as well as the use of mechani-
cal devices. A conservative treatment approach is usually 
considered in older women who do not desire a surgical inter-
vention or where surgery may not be an ideal choice due to 
medical comorbidities causing increased surgical risk.

Pelvic floor muscle exercises may limit the progression of 
mild prolapse and related symptoms; however, less response 
has been noted with prolapse beyond the vaginal introitus 

[62]. This method of treatment is often employed to treat 
accompanying urinary and/or fecal incontinence. Results are 
generally dependent on patient motivation and adherence to 
the exercise program.

The use of a mechanical device such as a pessary is an 
excellent option to nonsurgically treat POP and UI. Several 
different types of pessaries have been described made with 
numerous types of material; according to Mylex Products, 
Inc. (Chicago, IL) brochures, there are six to nine sizes of 13 
pessary models used for stress urinary incontinence and/or 
POP, the majority of which are made of silicone or inert 
plastic. Pessaries provide pelvic organ support within the 
vaginal vault. Two categories of pessaries exist for prolapse: 
support and space filling. The ring pessary (with diaphragm) 
is a commonly used support pessary and the Gelhorn pessary 
is a commonly used space-filling pessary. (See Fig.  82.7) 
The ring and other support pessaries are recommended for 
Stage 1 and 2 prolapse, whereas the space-filling pessaries 
are for Stage 3 and 4 prolapse [63].

Possible complications associated with pessary use 
include vaginal discharge and odor. There may be failure to 
retain the pessary or conversely, the pessary may be too large, 
which could lead to excoriation or irritation. There may be 
de novo or increased stress incontinence [64] with the reduc-
tion of vaginal prolapse and in rare instances more severe 
complications such as fistula development.

The mainstay of treatment for overactive bladder and urge 
incontinence includes a combination of pelvic floor muscle 
rehabilitation and use of an anticholinergic medication. 
Patients refractory to these conservative therapies may be 
candidates for intra-vesical botulinum toxin A injections or 
neuromodulation techniques.

Surgical Treatment of POP

The decision for surgical versus conservative intervention 
for the treatment of pelvic floor disorders should not be based 
on chronologic age alone. Prior to the selection of a specific 
treatment or procedure, all existing pelvic floor defects 
should be evaluated. The older woman can expect similar 
operative risks as well as subjective and objective anatomic 
and quality-of-life outcomes as that of younger women 
undergoing pelvic floor disorder treatment.

Over 200,000 inpatient and outpatient surgeries are per-
formed yearly for the treatment of urinary incontinence (UI) 
and POP in US women [65]. Demand for the care of pelvic 
floor disorders has been projected to increase significantly in 
the coming years due to significant shifting of American age 
demographics. Women aged 80 years and older are the most 
rapidly growing segment of the older US population. A wom-
an’s lifetime risk of having surgery for either POP or UI up to 

Figure 82.6  Vaginal support defects as defined by DeLancey include 
Level I apical support defects (the cardinal–uterosacral ligament com-
plex). Level II defects including cystocele, rectocele, or paravaginal 
defects (a defect in vaginal support at the level of the arcus tendineous 
fascia pelvis), or a Level III defect, detachment of the perineal body 
(From De Lancey [60]. Reprinted with permission from Elsevier).
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the age of 80 years is 11.1% [66]. Women who have undergone 
a procedure for UI or POP are at risk for recurrence [67].

The ideal procedure in the older woman would robustly 
repair symptomatic pelvic floor defects, be performed effi-
ciently, allow for rapid postoperative recovery including 
return to baseline or improved functional status, and conform 
with the sexual activity desires of the patient. Although many 
studies have included older women when examining out-
comes after pelvic floor surgery, most studies have not spe-
cifically addressed POP surgery outcomes in the older 
woman. However, based on the information we do have, 
older women undergoing elective pelvic floor surgery face 
risks similar to patients of all ages undergoing elective gen-
eral surgery. Pelvic floor surgery is considered an intermedi-
ate risk procedure with a perioperative mortality rate < 5%. A 
review of recent studies that examine outcomes of the older 
woman undergoing pelvic floor surgery show mortality rates 
from 0.0 to 4.1% and complication rates from 15.5 to 33.0% 
[68]. Complication rates vary and may be due to the hetero-
geneous definitions of complications throughout the studies. 
However, the majority of complications were related to urinary 
tract infections, febrile morbidity, and blood loss requiring 
transfusion. Presurgical preparation should include optimi-
zation of the urogenital epithelium. In order to prepare the 
tissue for surgery and optimize healing, vaginal application 
of estrogen cream several weeks prior to the procedure and 
in the postoperative period is recommended.

Perioperative management of the older gynecology patient 
may demand attention to multiple medical considerations. 
Suggested prophylactic interventions are presented in 
Table 82.2. Surgery to correct POP and UI should address 
the specific pelvic floor defects that are present including 
the anterior vaginal wall (cystocele), posterior vaginal wall 

(rectocele), and apical vaginal support defects (enterocele) 
(see Figs. 82.8 and 82.9).

Surgical techniques to address anterior defects are the 
anterior colporrhaphy and paravaginal repair. Symptomatic 
anterior wall prolapse repair outcomes were compared at a 
21-month average (12 months minimum) follow-up between 
31 patients aged 80 years or more and 234 younger patients. 
They demonstrated similar rates of symptomatic failure 
between the groups, 6 versus 5%, respectively. Recurrence of 
any vaginal support defect in the older group was 10% [69].

The most efficacious technique to repair posterior defects 
is the traditional midline colporrhaphy [62]. Perineorrhaphy 
should be performed when there is separation of the perineal 
muscles. The posterior rectovaginal connective tissue should 
be reattached to the perineal body if separated. However, 
careful attention should be paid to avoid excessive vaginal 
narrowing (unless desired) as postoperative dyspareunia is a 
common complication. Anatomic success is high with this 
procedure; however, functional success rates may be consid-
erably lower regardless of age.

Surgical techniques to address apical vaginal defects 
include the abdominal sacrocolpopexy (ASC), uterosacral 
ligament suspension (USS), ileococcygeus fixation, and 
sacrospinous fixation. The ASC employs graft material to 
suspend the anterior and posterior walls of the vagina to the 
anterior longitudinal ligament of the sacrum. Published ASC 
apical cure rates range from 78 to 100% [62]. However, this 
surgery requires a laparotomy, has a longer operative time, a 
longer recovery period, and higher postoperative compli-
cations when compared with vaginal approach surgeries.  
A recent RCT demonstrated similar perioperative complica-
tion rates as well as subjective and objective outcomes in 
women aged 70 years and older compared to a younger 

Figure  82.7  (a) Ring pessary without support in place; patient with 
cervix and uterus. Note that the pessary rests at the level of the bladder 
neck anteriorly and behind the cervix posteriorly. (b) Gelhorn pessary 
in place; patient with cervix and uterus. Note that the disk of the Gelhorn 

pessary rests at the level of the bladder neck anteriorly, and behind the 
cervix posteriorly (similar to the position of a ring pessary and that the 
knob rests behind the perineal body) (From Weber and Richter [62]. 
Reprinted with permission from Lippincott Williams & Wilkins).
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Table 82.2  Perioperative clinical management of the older woman undergoing gynecologic surgery

Issue Background Clinical recommendation

Cardiovascular Perioperative MI associated with 50% morality 
rate [79]

Perioperative beta-blocker use in the high and moderate 
risk patient

Delirium Abrupt change in cognition or consciousness-
Post-surgical prevalence estimate 37% [80]

At risk for long-term cognitive deficiencies 
and increased mortality

Under diagnosed

Avoid meperidine and anticholinergic agents including 
promethazine, minimize hospital stay, allow a 
companion to stay at bedside, maintain circadian 
pattern

DVT/thromboembolic  
events

Older patients have 20–40% risk of DVT due 
to advanced age (>60 years) and length of 
surgery [82]

Perioperative use of sequential pneumatic compression 
devices and selective use of heparin prophylaxis, 
early ambulation

Hypothermia Decreased immunologic response, prolonged 
wound healing, [82] increased periopera-
tive cardiac events

Intraoperative forced warm air blanket use, warmed 
intravenous fluids

Infectious disease Clean contaminated procedures: mixed flora of 
the vagina

Perioperative dose of first-generation cephalosporin [83]

Neuropathies Neurologic injuries due to nerve compression 
and ischemia as a result of patient 
positioning

Careful patient positioning with attention to the 
peroneal, femoral, ulnar, and sciatic nerves with 
padded stir-ups, avoid hyperflexion or extension of 
the lower extremities

Pulmonary Increased perioperative morbidity and mortality  
rates with development of pneumonia

Pulmonary toilet with deep cough, incentive spirometry, 
early ambulation

Urinary tract infection Pelvic floor surgery postoperative rates up to 
44% [84]

Screen if new onset bladder/voiding symptoms

Source: Adapted from Gerten et al. [68]. Printed with permission from Elsevier

Figure 82.8  Sagittal section showing normal anatomy (a); cystocele 
and rectocele (b). (Reprinted with permission from Beers and Berkow 
[7]. Copyright 2000 by Merck & Co, Inc., Whitehouse Station, NJ. 
Available at: http://www.merck.com/mkgr/mmg/home.jsp. Accessed 
22 September 2009).

Figure 82.9  Posterior enterocele without eversion (a); enterocele with 
eversion (b). (Reprinted with permission from Beers and Berkow [7]. 
Copyright 2000 by Merck & Co, Inc., Whitehouse Station, NJ. 
Available at: http://www.merck.com/mkgr/mmg/home.jsp. Accessed 
22 September 2009).
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group undergoing ASC [70]. ASC may be safely performed 
laparoscopically, even in the older woman; however, this 
requires significant surgical skills. Furthermore, there are 
few studies and no randomized trials looking at outcomes 
between the open versus laparoscopic approaches, especially 
in the older woman.

The USS is an intraperitoneal technique that attaches the 
vaginal vault to the uterosacral ligaments near the ischial 
spine bilaterally (Fig. 82.10). Published anatomic cure rates 
range from 65 to 98% depending on the definition of cure 
and the length of follow-up in an unselected patient popula-
tion [71]. Sacrospinous fixation and ileococcygeus fixation 
are extraperitoneal techniques that attach the vaginal vault 
to the sacrospinous ligament or coccygeus muscle, respec-
tively. Anatomic success for the sacrospinous fixation range 
from 29 to 98% and 53 to 96% for the ileococcygeus fixa-
tion [62].

Colpocleisis or colpectomy (narrowing or closure of the 
vaginal tissue and introitus) may be offered to the older 
woman who has no desire for vaginal function. These oblit-
erative procedures have been shown to have shorter operative 
times and have fewer perioperative complications as com-
pared to reconstructive repair [72]. Patient satisfaction is 
high and prolapse recurrence is low [73]. Preoperative assess-
ment and operative treatment for occult stress incontinence 
may help avoid this unwanted postoperative complication.

Little information is available to guide us about which 
procedure should be considered in the older woman versus 
the younger woman. The ultimate decision on which 
approach and which procedure to employ in the treatment of 
POP in the older woman should take into consideration the 
patient’s overall health and physical activity status, her spe-
cific pelvic floor defects and her future sexual activity desires, 
as well as the surgeon’s training, skills, and preference.

Surgical Treatment of Urinary Incontinence

Common surgical approaches for the treatment of stress uri-
nary incontinence include the midurethral sling (retropubic 
or transobturator), colposuspension, and the pubovaginal 
sling (autologous, synthetic, or allograft).

Older woman undergoing incontinence surgery can expect 
continence rates that in general compare favorably to those 
of younger women. The choice of incontinence surgery will 
depend upon surgeon experience as well as patient history 
and whether other concomitant procedures will be per-
formed. Similar favorable short- and long-term outcomes 
have been demonstrated using the midurethral sling, colpo-
suspension, and pubovaginal sling in the older woman.

Outcomes were compared between 123 women aged 70 
years and older (mean 74.8) versus 208 younger women 
(mean 57.2) undergoing a retropubic midurethral sling (TVT 
Gynecare). Mean follow-up was 30 months (minimum 12). 
Persistent SUI was found in 7 versus 6%, respectively, and 
postoperative complications were similar between groups 
[74]. Review of current literature demonstrates SUI cure 
rates in older women who underwent midurethral slings 
(TVT) range from 45–93% compared to 73–95% in younger 
cohorts of women in the same studies [68].

A recent secondary analysis of data from the Stress 
Incontinence Surgical Treatment Efficacy Trial (SISTEr), a 
randomized trial of Burch colposuspension versus autologous 
rectus fascial sling addressed 2-year outcomes in older women 
(³65 years of age) versus those younger [75]. Older women 
had a slightly longer time to normal activities (50 days com-
pared with 42 days, P=0.05), but there was no difference in 
time to normal voiding (14 days compared with 11 days, 
P=0.42). Older women were more likely to have a positive 
stress test at follow-up (odds ratio [OR] 3.7, 95% confidence 
interval [CI] 1.70–7.97, P=0.001), less subjective improve-
ment in stress (eight point lesser decrease, 95% CI 1.5–14.1, 
P=0.02), and urge incontinence (seven point lesser decrease, 
95% CI 1.5–12.2, P=0.01) as measured by the Medical and 
Epidemiologic Social Aspects of Aging questionnaire and 
were more likely to undergo surgical retreatment for SUI 
(OR 3.9, 95% CI 1.30–11.48). Perioperative adverse events 
and length of stay did not differ between groups.

Periurethral bulking injections have been employed in the 
treatment of SUI in the older woman. Regardless of the 
agent, cure and improvement rates are poor and appear to 
decline with time. However, given that the risk of the proce-
dure is low and requires no specific anesthesia, this may be a 
reasonable option in the medically compromised patient or 
in the patient who has failed other approaches.

Aging is associated with decreased detrusor contractility 
and decreased urinary flow rates, which may explain the 
slightly increased occurrence of postoperative voiding dys-
function, irritative urinary symptoms, and UTIs seen in some 
older women. However, older women who have preoperative 
irritative lower urinary symptoms demonstrate decreased 
rates of these symptoms after surgery [76].

Bowel Incontinence

Treatment of bowel or fecal incontinence in the older woman 
should include evaluation for possible functional, anatomic 
and neurologic deficiencies in the lower gastrointestinal 
tract. Behavioral therapies that include diet modification 
with fluid and fiber balance as well as pelvic floor muscle 
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rehabilitation should be considered. If an anatomic defect 
such as a sphincter disruption is identified, anal sphincter 
repair could be considered. No specific studies address the 
efficacy of this approach in the older woman, however 
“good” short-term outcomes in all age ranges are achieved in 
approximately 70% of patients. Unfortunately, long-term 

results may not be as robust, with one study reporting only 
23% of patients with “good” results at 10 years follow-up 
[77]. Other surgical approaches to consider for the treatment 
of refractory FI include stimulated muscle transposition, 
artificial anal sphincter implant, sacral nerve neuromodulation, 
and colostomy.

Figure 82.10  Diagrams 
illustrating open vaginal apical 
area with (a) exposure of site for 
suture placement or lateral pelvic 
side wall and (b) suture 
placement through ligament then 
through the posterior and 
anterior paravaginal tissue where 
they are locked to enable pulley 
action to the ligaments when 
tied. (Reprinted with permission 
from Berek JS (ed) (2006) Berek 
and Novak’s Gynecology, 14th 
edn. Lippincott Williams & 
Wilkins, Philadelphia, pp 
923–926.).
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(continued)

Research Involving the Older Woman

Given the growing geriatric population along with the high 
prevalence of pelvic floor disorders, there is a pressing need 
for information on the nonsurgical and surgical treatment 
outcomes in this unique population of women. There is a 
relative paucity of literature that addresses the older woman 
and the treatment of pelvic floor disorders. In fact, older 
women have been excluded from many of the trials that have 
examined the outcomes of pelvic floor surgery. A systematic 

review found the median percentage of women aged 70 or 
older who participated in surgical trials for SUI was 3.8%, 
while the number of surgeries for SUI performed on this 
population of women is estimated at 16% [78]. As the out-
comes of surgery may be different in this population, the 
older woman should be encouraged to participate in clini-
cal studies. Further investigation is required to understand 
the impact that surgery for pelvic floor disorders has on 
anatomic, physiologic, and functional outcomes in older 
women.

CASE STUDY

Ms RR is a 78-year-old white female from Eastern 
Europe seen in Urogynecology clinic with her daughter. 
Both speak English well, however, the daughter did help 
clarify some issues during the interview. Ms RR com-
plained of an increasing feeling of protrusion and pres-
sure that has markedly worsened over the past 6 months. 
She does describe problems emptying her bladder and 
denies significant urinary leakage. She is a widow and 
not sexually active. The patient had used a pessary for a 
while and did not wish to continue this nonsurgical treat-
ment approach. Her medical history is significant for a 
renal transplant approximately 2.5 years previously sec-
ondary to a history of polycystic kidney disease; she 
takes prednisone and Cellcept for this. Other medical 
conditions include recurrent urinary tract infections, 
hypertension, coronary artery disease, and hypercholes-
terolemia. She has had a previous cholecystectomy, back 
surgery, and a heart catheterization. Other medications 
include furosemide, amlodipine, augmentin, atenolol, 
prograf, ASA, and a multivitamin; she has no known drug 
allergies. Other review of systems was noncontributory.

Physical examination revealed the abdomen to be 
soft, nontender, no mass effect; genitourinary examina-
tion revealed an evident uterine procidentia with total 
vaginal vault eversion (see Fig.  82.11a). On bimanual 
examination, there was the appreciation of a mass, just 
right of midline that was slightly tender to palpation. The 
urine dip was positive for nitrates and leukocytes and 
was sent for culture and sensitivities. All surgical options 
were discussed and it was decided that a vaginal oblitera-
tive procedure (colpocleisis, leaving the uterus in situ) 
would be performed.

The patient was started on some intravaginal estrogen 
cream to help thicken the vaginal epithelium, an oral anti-
biotic to treat the urine and dates for a urodynamic evalu-
ation and surgery were set up. A CT scan would be set up 
to characterize the mass thinking that it may be her pelvic 
kidney. The urine culture was positive for E. coli sensi-
tive to intravenous antibiotics. The renal transplant ser-
vice subsequently admitted her for treatment and while 
she was in the hospital, she underwent a noncontrast CT 
of the abdomen and pelvis. Significant findings included 
extensive diverticular disease and an air-filled uterus and 
left fallopian tube. Further evaluation with the placement 
of transrectal contrast revealed a fistula tract between the 
sigmoid colon and the left adnexa (Fig. 82.11b). On fur-
ther discussion with the patient, she did relate a several 
months history of lower abdominal–pelvic pain and some 
occasional discharge from the cervix. The patient was 
transferred to the Urogynecology service, gentle hydra-
tion and antibiotic therapy was continued and a colorectal 
surgery consult obtained. The patient remained afebrile 
throughout her hospital course. Perioperative medication 
management was discussed including holding the furo-
semide and amlodipine the day before surgery; she would 
take her beta-blocker and receive stress dose steroids the 
day of surgery. One week after admission, after a gentle 
bowel preparation and medication management, she 
underwent a TAHBSO and sigmoid resection. As there 
was concern about using a mesh to elevate the vagina, the 
planned colpocleisis was also performed.

Her postoperative course was unremarkable. Her 
daughter stayed with the patient the majority of the time. 
Pain was well controlled with initial patient controlled 
anesthesia, with conversion to oral medications once 
bowel function was assured. All of her medications 
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were reinstated and she was discharged home with her 
daughter on POD#4.
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edly changed the initial surgical plan. Older patients, 
particularly older patients who are chronically immuno-

suppressed, often do not manifest with typical signs and 
symptoms of infectious and other pathologic processes. 
Once the diagnosis was made, careful perioperative plan-
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clinical scenario to be resolved in a very satisfactory 
manner resulting in markedly improved quality of life.
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Pelvic reproductive organ cancers include those that arise in 
the vulva, vagina, cervix, uterus, fallopian tubes, and ovaries. 
In the United States, the number of persons over 65 years of 
age has been increasing at a disproportionately higher rate 
than that of the general population. According to the U.S. 
Census Bureau, the percentage of women 65 years of age and 
older has increased from 13.1% in 1980 to 14.6% in 1990.

The risk of gynecological cancers increases with age. It is 
important that the medical community is aware of the unique 
aspects of clinical care of older cancer patients.

This chapter presents the epidemiology, presenting symp-
toms, diagnosis workup, and treatment of pelvic malignan-
cies in elderly women. It also notes the alternative therapies 
that can be applied to elderly patients when they are unable 
to tolerate standard treatment due to associated medical 
comorbidities.

Vulvar Cancer

The vulvar skin can present with a variety of dysplastic and 
malignant changes that vary from mild dysplasia to carci-
noma in situ to invasive cancers involving other pelvic organs 
or have distant metastases. Vulvar cancer is an uncommon 
occurrence, representing approximately 4% of genital tract 
malignancies. Cancer statistics estimated that 3,970 patients 
were newly diagnosed in the United States in the year 2004 
and that 850 deaths occurred [1, 2].

Dysplastic changes of the vulva may be unifocal or multi-
focal. The disease tends to be unifocal in the elderly popula-
tion, whereas in women of younger age it tends to be 
multifocal [3].

Elderly patients, particularly those over 70 years of age, 
are less likely to have an associated human papilloma virus 
(HPV) infection [4, 5].

Dysplastic and malignant squamous cell changes are the 
dominant histologic patterns seen in vulvar neoplasias.

In addition to squamous cell changes, extramammary 
Paget’s disease (EMPD) is most commonly seen in the vulva 
of postmenopausal Caucasian women but may also be seen 
in the axilla, male genitalia, eyelid, and ear. It is sometimes 
associated with an underlying vulvar carcinoma [6]. Patients 
with EMPD in the anogenital region most commonly present 
with pruritus, hyperpigmented or hypopigmented lesions, 
ulceration, and/or areas of leukoplakia and can frequently be 
mistaken for an inflammatory or infectious process [7].

Squamous cell carcinomas account for approximately 
90% of newly diagnosed cancer cases. The second most 
common malignancy is melanoma [8], and the third most 
common is adenocarcinoma, arising in a Bartholin’s gland or 
in skin appendages [9].

The etiology of vulvar carcinoma is unknown. The asso-
ciation of vulvar cancer with preceding vulvar intraepithelial 
neoplasia (VIN) and Human Papillomavirus infection (HPV) 
is controversial, as is its relationship with vulvar dystrophies. 
Other authors, however, have reported progression of VIN to 
invasive cancer [10, 11]. The association of HPV subtypes 
with oncogenic potential and smoking with invasive vulvar 
cancers is frequently found in women of relatively younger 
age [12].

However, vulvar cancer is encountered mostly in elderly 
patients and appears to be unrelated to smoking and HPV 
infection, while concurrent VIN is uncommon. This patient 
population has a high incidence of dystrophic lesions, like 
lichen sclerosus [13].

Staging of vulvar malignancies is surgical in nature and 
depends on the extent of the local disease and the presence or 
absence of inguinal lymph node metastases (Table 83.1).

The diagnosis of vulvar cancer starts with inspection. It is 
important to distinguish atrophy from dysplasia. Elderly 
patients often have atrophic changes of the vulva. Lesions 
that are symmetric in distribution, white, and nonraised are 
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usually atrophic in nature. Dysplastic lesions and malignancies 
tend to be asymmetric in distribution and may be friable.

Most commonly, patients present with the complaint of a 
vulvar lump or mass. A long history of vulvar burning or 
pruritus is frequently elicited. Most lesions occur initially on 
the labia majora and less frequently on the labia minora, cli-
toris, or perineum. Only approximately 5% of cases are 
multifocal.

There is little consensus regarding the optimal method of 
management. There has been a gradual trend toward conser-
vation in the management of dysplastic lesions (vulvar intra-
epithelial lesion, VIN grade 1–3). Current treatment 
modalities include carbon dioxide (CO

2
) laser vaporization 

or ablation and surgical excision. Recurrence rates after 
treatment have been reported to range from 10 to 50% and 
are thought to be related to the grade of VIN and margin 
status along with the multifocal nature of the condition and 
its relationship with HPV [14].

In the elderly, if chosen, surgical excision may be per-
formed under local anesthesia. Generally, a 1-cm margin is 
adequate for noninvasive lesions. For extramammary Paget’s 
disease of the vulva, however, even 2-cm margins are often 
insufficient [15, 16].

For extramammary Paget’s disease of the vulva, it is 
sometimes necessary to perform extremely wide local exci-
sions with skin grafts or advancement flaps to cover the 
defect [17]. Microscopically, positive margins following 
surgical excision of vulvar Paget’s disease is a frequent find-
ing, and disease recurrence is common regardless of surgical 
margin status. Long-term monitoring of patients is recom-
mended, and repeat surgical excision is often required [18].

The standard surgical management of women with inva-
sive carcinomas of the vulva is a radical vulvectomy with 
bilateral inguinal–femoral lymphadenectomies [19]. The 
inguinal lymph nodes are the primary lymphatic drainage 
for the vulva and lower one-third of the vagina. The lymph 
node sampling is performed by removing an ellipse of skin 
in continuity with the underlying fat pad above the cribri-
form fascia present in the inguinal–femoral subcutaneous 
tissue. However, the cribriform fascia is difficult to identify 
in some women or may not be anatomically intact. This 
treatment can be modified if the tumor is unilateral, in which 
case a modified radical vulvectomy, effectively a unilateral 
radical excision of the labia in association with ipsilateral 
lymphadenectomy, is performed [20].

Data suggest that a woman with a unilateral vulvar can-
cer having negative ipsilateral inguinal lymph nodes is 
highly unlikely to have contralateral inguinal lymph node 
involvement [21].

If the lesion is less than 2 cm in diameter and is associ-
ated with minimal invasion (usually <2 mm), the chance of 
inguinal lymph node metastases being present is virtually 
nil. For an elderly woman with significant medical prob-
lems that presents with a superficial lesion (<2 mm inva-
sion), wide local excision may be adequate management. 
Such surgery can be accomplished under local anesthesia 
if the patient is not a candidate for general or regional 
anesthesia [22–24].

Further modifications in the management of vulvar can-
cer include inguinal lymph node sampling, rather than a for-
mal inguinal–femoral lymphadenectomy. The sentinel 
inguinal lymph node is the node most likely to be involved if 
metastatic disease from the vulvar lesion is present. Inguinal 
lymph node sampling reduces the likelihood of the postop-
erative complication of a lymphocyst. Sentinel lymph node 
technology [25–27] has provided the means for identifying 
the sentinel lymph node draining a tumor bed, and it can be 
excised with a minimally invasive approach. Inguinal senti-
nel lymph node (SLN) dissection in vulvar cancer patients 
has been shown to be feasible and highly sensitive for the 
detection of metastatic disease to the inguinal nodal basin. 
Clinical studies have shown a nearly 100% identification 
rate of a SLN when lymphatic mapping with a radioactive 
tracer (Tc-99m sulfur colloid) is used in combination with 
blue dye. The negative predictive value of a negative senti-
nel lymph node in these studies has been shown to be 100%. 

Table 83.1  Carcinoma of the vulva [175]

Stage I Tumor confined to the vulva
IA Lesions £2 cm in size, confined to the vulva or perineum 

and with stromal invasion £1.0 mma, no nodal 
metastasis

IB Lesions >2 cm in size or with stromal invasion 
>1.0 mma, confined to the vulva or perineum, with 
negative nodes

Stage II Tumor of any size with extension to adjacent perineal 
structures (1/3 lower urethra, 1/3 lower vagina, anus) 
with negative nodes

Stage III Tumor of any size with or without extension to adjacent 
perineal structures (1/3 lower urethra, 1/3 lower 
vagina, anus) with positive inguino-femoral lymph 
nodes

IIIA (i)	 With 1 lymph node metastasis (³5 mm), or
(ii) 1–2 lymph node metastasis(es) (b5 mm)

IIIB (i)	 With 2 or more lymph node metastases (³5 mm), or
(ii)	3 or more lymph node metastases (b5 mm)

IIIC With positive nodes with extracapsular spread

Stage IV Tumor invades other regional (2/3 upper urethra, 2/3 
upper vagina), or distant structures

IVA Tumor invades any of the following:
(i)	 Upper urethral and/or vaginal mucosa, bladder 

mucosa, rectal mucosa, or fixed to pelvic bone, or
(ii)	Fixed or ulcerated inguino-femoral lymph nodes

IVB Any distant metastasis including pelvic lymph nodes
Source: Reprinted from FIGO Committee on Gynecologic Oncology 
[175], with permission
aThe depth of invasion is defined as the measurement of the tumor from 
the epithelial–stromal junction of the adjacent most superficial dermal 
papilla to the deepest point of invasion
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The utilization of a sentinel node dissection allows for an 
in-depth pathologic examination of the one or two sentinel 
lymph nodes. In this approach, pathologic ultrastaging can 
detect micrometastases [28–30].

If the sentinel lymph node is free of disease, it is unlikely 
that other lymph nodes would be involved. Particularly in an 
elderly patient, this technique may reduce the extent of 
lymphadenectomy [31, 32].

Patients with advanced vulvar cancer (stage III and IV) 
that are managed with primary surgery tend to be older 
patients that have smaller lesions but positive lymph nodes, 
whereas patients treated primarily with chemoradiation are 
younger and have larger volume disease but fewer lymph 
node metastases. Despite these differences, patients treated 
with surgery or primary chemoradiation have no differ-
ences in overall survival, progression-free survival, or 
recurrence rates. Age is the most powerful predictor of sur-
vival when size, lymph node status, stage, and treatment are 
accounted for [33].

The combination of postoperative irradiation with or 
without chemotherapy is used routinely for managing 
patients with vulvar cancer following a radical vulvectomy 
and inguinal–femoral lymphadenectomy if lymph node 
metastases are identified [34]. The most common cytotoxic 
drug used for concurrent chemoradiation is cisplatin.

The vulvar tissue is supplied with an end-arterial blood 
supply. The skin and subcutaneous tissue are quite sensitive 
to the radiation effect. Dry desquamation followed by moist 
desquamation is a routine problem associated with irradiat-
ing the vulva [35].

Nevertheless, relatively low-dose fractions of radiation 
therapy combined with 5-fluorouracil and mitomycin C have 
been employed for managing advanced vulvar cancer and 
cancer in elderly patients who are unable to tolerate a radical 
vulvectomy [36–40].

Survival of women with vulvar cancer is related to the 
presence of lymph node metastases. Patients with no lymph 
node metastasis have approximately an 80% 5-year survival. 
Those with evidence of lymph node metastasis have a 54% 
5-year survival. Patients with unilateral lymph node metasta-
ses have a 60% 5-year survival, whereas those with bilateral 
lymph node metastases have a 23% 5-year survival [41].

Key Points in Vulvar Cancer Affecting Elderly Patients

It is predominantly a disease of the elderly patient.•	
It has a lesser association with HPV infection.•	
Squamous cell carcinoma is the most common histology •	
followed by melanoma.
Vulvar Paget’s disease is frequently associated with •	
carcinoma.
Staging is surgical.•	
Tumor size and inguinal lymph node status are the most •	
important predictors.

Vaginal Cancer

Primary cancer arising in the vagina is rare. It constitutes 
approximately 2% of all gynecologic cancers. It is primar-
ily a disease of older women. Most patients are diagnosed 
with vaginal cancer in their seventh to eight decade of life 
[42, 43].

The histology of these lesions is predominantly squamous 
cell cancer, although adenocarcinoma can arise de  novo 
within the vagina [44].

Less common histologies include melanoma and the rare 
paravaginal sarcoma [45].

It is appreciated that 84% of vaginal involvement is sec-
ondary from cancers of the cervix, uterus, rectum, ovary, 
vulva, or bladder [46].

The etiology of vaginal cancer is associated with that of 
cervical cancer, and many of the precancerous changes of the 
vagina occur after patients have been treated for squamous 
cell carcinoma in situ of the cervix or invasive cancer of the 
cervix. However, primary vaginal cancers do occur in elderly 
women without previous or concurrent cervical disease [47]. 
Vaginal cancer is associated with HPV infection [48, 49].

By convention, the classification and staging of the 
International Federation of Gynecology and Obstetrics 
(FIGO) requires that if a cancer is present in the vagina and 
reaches the cervix, the cancer is considered a cervical cancer 
because cervical cancer is much more common than vaginal 
cancer.

Women with vaginal cancers present with vaginal dis-
charge and sometimes burning or pain. The discharge may 
be bloody or purulent when the lesion becomes secondarily 
infected by vaginal flora.

The diagnosis is made by inspection, palpation, and 
biopsy. Dysplastic changes of the vagina may be confined to 
the vaginal apex, particularly in women with a history of cer-
vical dysplasia or malignancy. However, multifocal dysplas-
tic lesions of the vagina do occur, usually in association with 
HPV infection [50–53]. The diagnosis is confirmed by biopsy. 
The staging of vaginal cancer is presented in Table 83.2.

Table 83.2  Carcinoma of the vagina [176]

Stage 0 Carcinoma in situ, intraepithelial neoplasia grade 3
Stage I The carcinoma is limited to the vaginal wall
Stage II The carcinoma has involved the subvaginal tissue but 

has not extended to the pelvic wall
Stage III The carcinoma has extended to the pelvic wall
Stage IV The carcinoma has extended beyond the true pelvis or 

has involved the mucosa of the bladder or rectum; 
bullous edema as such does not permit a case to be 
allotted to stage IV

IVA Tumor invades bladder and/or rectal mucosa and/or 
direct extension beyond the true pelvis

lVB Spread to distant organs

Source: Reprinted from Odicino et al. [176], with permission



1104 D.-A. Silasi et al.

Management of vaginal cancer is based on the stage of 
disease, the volume of tumor present, and its location within 
the vagina. No consensus exists regarding the management of 
different presentations of vaginal cancer. The low incidence 
of the disease precludes the organization of large randomized 
trials and comparison of different treatment modalities. 
Vaginal cancers that involve the upper one-third of the vagina 
and are limited in extent (i.e., stage I or stage II) can be treated 
with a radical hysterectomy in continuity with a radical vagi-
nectomy. Tumors involving the lower third of the vagina can 
be treated surgically in the form of a wide local excision that 
includes the adjacent vulvar tissue or by a vulvectomy in con-
tinuity with a partial vaginectomy [54, 55].

Most vaginal cancers, however, occur in older age women, 
and the treatment of choice is radiation therapy. The combi-
nation of brachytherapy and external beam radiation therapy 
is often employed for the management of vaginal cancer. 
Chemoradiation for vaginal cancer appears appropriate, an 
approach derived from the treatment of cervical cancer. 
Reports of experience with chemoradiation in the treatment 
of vaginal cancer are limited. Most commonly, the cytotoxic 
drug is cisplatin, administered as a radiation sensitizer con-
currently with external beam radiation [56].

Complications of radiation therapy include radiation 
mucositis and subsequent vaginal stenosis. Vaginal necrosis 
may occur and lead to vesicovaginal or rectovaginal fistulas, 
the treatment of which are urinary or colon diversions.

The survival of women with vaginal cancer is based on 
the stage of the disease at presentation. The overall 5-year 
survival rate for vaginal cancer is approximately 44% The 
5-year survival for stage I disease was 73.4%, stage II, 51.4%, 
stage III, 32.5%, stage IVA, 20.4%, and stage IVB, 0% [57].

Most recurrences occur in the pelvis. Management of 
recurrent disease is similar to that for cervical cancer (i.e., 
exenterative surgery for a centrally localized tumor and che-
motherapy for disseminated disease) [54].

Key Points in Vaginal Cancer Affecting Elderly Patients

It is predominantly a disease of the elderly patient.•	
Vaginal involvement with carcinoma is mostly from the •	
surrounding pelvic organs.
The presenting symptoms are vaginal discharge and •	
sometimes burning or pain.
The treatment of choice is chemoradiation.•	

Cervical Cancer

Cervical carcinoma represents the second most common 
cancer that develops in the female reproductive organs. Data 
published by the American Cancer Society estimate that 
11,070 new cases of cervical cancer were diagnosed in the 

year 2008 in the United States and that 3,870 deaths occurred 
as a result of this disease [58].

The median age for cervical cancer is 53 years, which is 
the lowest median age for all pelvic reproductive organ can-
cers. Cervical cancer is predominantly a disease of younger 
age women; nevertheless, 13.1% of all cervical cancers pres-
ent in women 70 years of age or older.

The most common histology for invasive cervical cancers 
is the squamous cell variety. The second most common sub-
type is adenocarcinoma of the cervix [59].

A spectrum of changes can occur in the cervix, from mild 
dysplasia through carcinoma in situ, all of which may be 
treated in the office using simple treatments that mechani-
cally destroy the surface epithelium and allow healthy tissue 
to grow in. However, when a women goes through meno-
pause, the site at which most cervical cancers begin, the 
transformation zone (i.e., the junction of the exocervical 
squamous epithelium with that of the endocervical columnar 
epithelium) recedes into the endocervical canal. Dysplastic 
changes often cannot be seen within the endocervical canal, 
especially in elderly women, in whom often there is an asso-
ciated invasive cancer.

Other invasive cancers that occur in the cervix are adeno-
carcinomas arising in the glandular epithelium of the endo-
cervix [60].

Adenosquamous carcinomas, a combination of malignant 
glandular and squamous elements, also arise in the cervix but 
to a much lesser extent than squamous cell carcinoma and 
adenocarcinoma [61].

A variety of risk factors have been associated with the 
development of cervical cancer. They include having multi-
ple sexual partners, sexual intercourse at a young age, ciga-
rette smoking, HPV infections or other sexually transmitted 
disease infections, immune suppression, genital warts, and 
multiparity. Human Papillomavirus (HPV) infection is the 
number one etiologic agent in the development of cervical 
neoplasia. At least 90% of invasive cervical cancers have 
evidence of HPV infection [62, 63].

The diagnosis of cervical dysplasia is based on a biopsy 
of the cervix. It must be remembered that in the elderly 
patient, the transformation zone is within the canal, so if the 
elderly patient has an abnormal Pap smear, the endocervical 
canal must always be biopsied. An office endocervical curet-
ting of the endocervical canal is extremely useful for deter-
mining the nature and extent of the lesions. If such a change 
is present in the endocervical canal, it is the authors’ recom-
mendation that the patient should undergo a cone biopsy.  
A cone biopsy removes a large segment of the cervix and allows 
the pathologist to determine more accurately the extent and 
margins of the dysplastic or malignant changes present. Loop 
electrical excision of the transformation zone (LEETZ) is an 
alternative method for evaluating the cervix. In the elderly, 
with the transformation zone in the endocervical canal, the 
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LEETZ procedure often causes cautery artifacts, so the 
endocervical and ectocervical margins cannot be interpreted.

In an elderly patient diagnosed with high-grade cervical 
dysplasia, it is wisest to consider a hysterectomy. If the 
patient has significant medical comorbidities and is diag-
nosed with an early cervical cancer, a large cone biopsy of 
the cervix can be curative [64].

The FIGO (International Federation of Gynecology and 
Obstetrics) staging system for invasive cervical cancer is pre-
sented in Table 83.3. Although advanced imaging modalities 
are not used when determining the clinical stage of patients 

with cervical cancer, in the developed world, CT, MRI, and 
18-F FDG PET scans are routinely ordered and help in plan-
ning for the most appropriate treatment modality [65, 66].

Management of invasive cancer of the cervix is by radia-
tion therapy or surgery. Surgery is performed in women with 
early-stage disease who can tolerate a radical hysterectomy 
with bilateral pelvic lymph node resection [67].

Patients with microinvasive cancer (<3 mm) can undergo 
a type II radical hysterectomy in which the tissue that is 
removed includes the parametria medial to the ureters and 
the proximal one-third of the vagina. However, if an invasive 
carcinoma is present, a type III or a Meigs–Wertheim radical 
hysterectomy is indicated. This procedure removes the 
parametrial tissue lateral to the ureter and removes approxi-
mately one-half of the vagina in continuity with the cervix 
and uterine corpus. While traditionally these operations have 
been performed by laparotomy, conventional laparoscopic 
and robotic techniques are equally effective and carry less 
morbidity [68–70].

For the elderly patient with more advanced disease or 
who is unable to tolerate a radical hysterectomy, radiation 
therapy using intracavitary and external beam techniques is 
effective for managing an invasive cancer of the cervix. The 
efficacy of the treatment depends on the stage of the cancer 
and the tumor volume [71–75].

The overall survival for women with cervical cancers cor-
relates with the stage of the disease. Stage I patients have an 
81.6% 5-year survival, stage II 61.3%, stage III 36.7%, and 
stage IV 12.1% [76].

Treatment of recurrent cervical cancer is based on the 
extent of the disease present and the primary treatment 
modality.

Tumor recurrence after surgery for cervical carcinoma is 
associated with high fatality and morbidity, posing a major 
therapeutic challenge. Salvage radiotherapy with concurrent 
chemotherapy for recurrent cervical carcinoma following 
surgery may result in 40–50% long-term disease-free survival 
and an acceptable risk of severe treatment complications even 
in patient with recurrences extending to the pelvic wall [77].

Patients who develop central recurrence (i.e., at the vagi-
nal apex) that does not extend to or reach the pelvic side wall 
may be treated with exenterative surgery [78–80].

In the past, we used 70 years of age as a cutoff for those 
eligible for exenterative surgery. As improvements in post-
operative care have evolved, we are now able to offer exen-
terative surgery to women over the age of 70 years if they are 
otherwise in good health. Exenterative surgery includes ante-
rior pelvic exenteration, which removes the uterus in conti-
nuity with the bladder via a radical hysterectomy, radical 
cystectomy, and urinary diversion. Posterior pelvic exentera-
tion involves a radical hysterectomy in continuity with resec-
tion of the sigmoid colon and rectum, and it requires a 
colostomy. Total pelvic exenteration removes the bladder, 

Table 83.3  Carcinoma of the cervix uteri [175]

Stage I The carcinoma is strictly confined to the cervix 
(extension to the corpus would be disregarded)

IA Invasive carcinoma which can be diagnosed only by 
microscopy, with deepest invasion £ 5 mm and 
largest extension ³ 7 mm

IA1 Measured stromal invasion of £ 3.0 mm in depth and 
extension of £ 7.0 mm

IA2 Measured stromal invasion of >3.0 mm and not 
>5.0 mm with an extension of not >7.0 mm

IB Clinically visible lesions limited to the cervix uteri or 
preclinical cancers greater than stage IAa

IB1 Clinically visible lesion £ 4.0 cm in greatest dimension
IB2 Clinically visible lesion >4.0 cm in greatest dimension

Stage II Cervical carcinoma invades beyond the uterus, but not 
to the pelvic wall or to the lower third of the vagina

IIA Without parametrial invasion
IIA1 Clinically visible lesion £ 4.0 cm in greatest dimension
IIA2 Clinically visible lesion > 4 cm in greatest dimension
IIB With obvious parametrial invasion

Stage III The tumor extends to the pelvic wall and/or involves 
lower third of the vagina and/or causes hydroneph-
rosis or nonfunctioning kidneyb

IIIA Tumor involves lower third of the vagina, with no 
extension to the pelvic wall

IIIB Extension to the pelvic wall and/or hydronephrosis or 
nonfunctioning kidney

Stage IV The carcinoma has extended beyond the true pelvis or 
has involved (biopsy proven) the mucosa of the 
bladder or rectum. A bullous edema, as such, does 
not permit a case to be allotted to stage IV

IVA Spread of the growth to adjacent organs
IVB Spread to distant organs

Source: Reprinted from FIGO Committee on Gynecologic Oncology 
[175], with permission
aAll macroscopically visible lesions – even with superficial invasion – 
are allotted to stage IB carcinomas. Invasion is limited to a measured 
stromal invasion with a maximal depth of 5.00 mm and a horizontal 
extension of not >7.00 mm. Depth of invasion should not be >5.00 mm 
taken from the base of the epithelium of the original tissue – superficial 
or glandular. The depth of invasion should always be reported in mm, 
even in those cases with “early (minimal) stromal invasion” (~1 mm)
The involvement of vascular/lymphatic spaces should not change the 
stage allotment.
bOn rectal examination, there is no cancer-free space between the tumor 
and the pelvic wall. All cases with hydronephrosis or nonfunctioning 
kidney are included, unless they are known to be due to another cause
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uterus, and rectosigmoid colon. The creation of a continent 
pouch at the time of exenterative surgery avoids the need for 
continuous collection of urine in an ostomy bag. However, 
experience at the Yale-New Haven Medical Center suggests 
that patients who have been heavily pretreated with radiation 
and are over 65 years of age do poorly with continent pouches 
and probably are best served by an ileal conduit.

Patients who have extensive recurrent disease not limited 
to the center of the pelvis are offered chemotherapy. 
Chemotherapy for the management of recurrent cervical 
cancer is palliative. Overall response rates to combination 
chemotherapy of 46.3% have been reported. Responses were 
higher in patients with disease in nonirradiated sites [81].

Key Points in Cervical Cancer Affecting Elderly Patients

Only 13% of all cervical cancers occur after the age of •	
70.
The evaluation of the endocervical canal can be difficult •	
secondary to stenosis and atrophy.
Although advanced imaging modalities are not included •	
in the WHO recommended diagnostic workup, MRI, CT, 
and 18-F FDG PET scans are routinely used.
Surgery and chemoradiation are equally effective. Surgery •	
is limited to stage IIA and earlier.

Uterine Cancer

In the United States, the uterine corpus is the most common 
site for cancer in the female reproductive tract, with an esti-
mated 40,100 new cases and 7,470 deaths occurring in the 
year 2008 [58].

SEER data from 1992 to 2002 state that uterine cancers 
were diagnosed in 31% of patients between 65 and 74 years 
of age, 20% between 75 and 84 years of age, and 4% between 
85 and 95 years of age [83].

The most common histologic types of uterine cancer 
arise from the endometrium and are of endometrioid type 
(Table 83.4). Other subtypes are adenosquamous, clear-cell 
carcinomas, and uterine serous cancers. Grade 3 endo-
metrioid, clear cell, and serous cancers have an aggressive 
behavior and require more than a hysterectomy to achieve 
cure [83, 84].

Uterine sarcomas are a group of rare and usually aggres-
sive soft-tissue cancers. The three major subtypes of uterine 
sarcomas (listed in decreasing order of incidence) are carci-
nosarcoma, leiomyosarcoma, and endometrial sarcoma. 
Most patients with uterine sarcomas are middle- to older-
aged women who present with abnormal uterine bleeding or 
a pelvic mass [85, 86].

Uterine cancers are usually diagnosed after an obvious 
early signal, postmenopausal bleeding, occurs. Women must 

be informed that whenever vaginal bleeding occurs after 
menopause, they must be promptly evaluated [87].

If the vulva, vagina, and cervix appear unremarkable on 
inspection, an endometrial biopsy should be obtained. 
Rarely, women are found to have endometrial cells on a rou-
tine Pap smear. The presence of such cells from postmeno-
pausal women may be associated with endometrial 
hyperplasia or malignant changes of the endometrium [88]. 
This cytologic finding is another indication to perform an 
endometrial biopsy. An endometrial biopsy can usually 
diagnose the presence of hyperplasia of the endometrium or 
carcinoma [89, 90].

Endometrial hyperplasias are categorized into simple and 
complex hyperplasia. The hyperplasias are further subdi-
vided into those with or without atypia. It is unusual for 
simple hyperplasia to be associated with cytologic atypia, 
whereas complex hyperplastic changes are often associated 
with cytologic atypia. Simple hyperplasia rarely progresses 
to invasive cancer. Retrospective studies reported that com-
plex hyperplasia without atypia can progress to invasive can-
cer in approximately 2% of patients over a 12-year period, 
whereas complex hyperplasia with atypia is associated with 
an up to 30% chance of developing invasive cancer over an 
8-year observation period [91].

Management of simple hyperplasia in the elderly consists 
of observation. The treatment of complex hyperplasia with-
out atypia is progestin therapy (medroxyprogesterone acetate, 
megestrol acetate). Repeat endometrial sampling is indicated 

Table 83.4  Carcinoma of the endometrium [175]

Stage Ia Tumor confined to the corpus uteri
IAa No or less than half myometrial invasion
IBa Invasion equal to or more than half of the myometrium

Stage IIa Tumor invades cervical stroma, but does not extend 
beyond the uterusb

Stage IIIa Local and/or regional spread of the tumor
IIIAa Tumor invades the serosa of the corpus uteri and/or 

adnexaec

IIIBa Vaginal and/or parametrial involvementc

IIICa Metastases to pelvic and/or paraaortic lymph nodesc

IIIC1a Positive pelvic nodes
IIIC2a Positive paraaortic lymph nodes with or without 

positive pelvic lymph nodes

Stage IVa Tumor invades bladder and/or bowel mucosa, and/or 
distant metastases

IVAa Tumor invasion of bladder and/or bowel mucosa
IVBa Distant metastases, including intraabdominal metasta-

ses and/or inguinal lymph nodes
Source: Reprinted from FIGO Committee on Gynecologic Oncology 
[175], with permission
aEither G1, G2, or G3
bEndocervical glandular involvement only should be considered as 
stage I and no longer as stage II
cPositive cytology has to be reported separately without changing the 
stage
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after 3 months. Persistent hyperplasia is an indication for 
hysterectomy and bilateral salpingo-oophorectomy. Atypical 
hyperplasia in an elderly woman should be treated with hys-
terectomy and adnexectomy [92, 93]. If the patient cannot 
tolerate surgery, progestin therapy in the form of daily oral 
medroxyprogesterone acetate or megestrol acetate may be 
used to revert the endometrium back to an atrophic state.

Uterine cancer is staged surgically (Table 83.3). Patients 
should routinely undergo a total hysterectomy, bilateral sal-
pingo-oophorectomy, and pelvic and paraaortic lymph node 
sampling. Omentectomy or omental biopsy is indicated for 
uterine clear cell and serous carcinomas, and uterine sarcomas 
[94–97]. Conventional laparoscopic or robotic approaches 
have less perioperative morbidity [98–101].

Additional therapy is based on the findings of the surgi-
cal staging. Patients with histologically low-grade endome-
trial cancers that do not deeply infiltrate the myometrium 
require no additional therapy. Patients with high-grade 
endometrial cancers are usually treated with vaginal apex 
irradiation alone to prevent local recurrences. Some centers 
prescribe external beam radiation therapy of the pelvis 
[102]. Chemotherapy is indicated for clear cell and serous 
uterine cancers.

Patients with disease that has extended beyond the uterus 
and cervix are usually treated with chemotherapy in combi-
nation with vaginal apex radiation. A Gynecologic Oncology 
Group Phase III trial has demonstrated that chemotherapy 
for advanced endometrial carcinoma significantly improves 
both progression-free survival and overall survival when 
compared with whole abdominal irradiation. Adverse effects 
of treatment tended to be more frequent and more severe on 
the chemotherapy arm, but the majority of acute toxicities 
were expected and manageable [103–105].

The 5-year survival of women with uterine cancer con-
fined to the uterine corpus (stage I) is approximately 85%. 
Those who have only superficial invasion without any nega-
tive prognostic factors have survivals of 95–100%. Those 
patients with deep penetration of the uterine wall (i.e., stage 
IC) have survivals of 70–80%. As the stage of the cancer 
increases, the likelihood of cure decreases. The 5-year sur-
vival for women with stage II disease is 70%, stage III dis-
ease is 49%, and stage IV disease is 19% [106].

Elderly patients often are found to have more aggressive 
histologic types of endometrial cancer and may have medical 
comorbidities that preclude surgery. Published data show 
that elderly women with uterine cancers who have severe 
medical problems can have their cancers controlled with 
intracavitary radiation therapy administered with or without 
external beam radiation, particularly if the disease is con-
fined to the uterus [107].

Experience at the Yale-New Haven Medical Center sug-
gests that this approach is effective. Most inoperable 
patients die of other medical diseases rather than of their 

cancer. Fifty-four patients treated at Yale deemed medically 
inoperable had a significantly shorter overall survival than 
the 108 control patients with stage I or II disease (p < 0.0001). 
Deaths in the inoperable group were more likely to be due 
to intercurrent disease (28 of 32 cases) compared to the 
controls (3 of 15) (p < 0.0001). Inoperable patients who did 
not die of intercurrent disease had a median 5-year survival 
approaching that of the operable patients. The average age 
of the stage I patients was 72.0 years (range 44–93 years) 
and stage II patients 70.0 years (range 51–82 years) [108].

The majority of patients with uterine cancer has disease 
confined to the uterus and has an excellent overall prognosis. 
However, some patients present with advanced primary dis-
ease. The management of metastatic disease is variable, 
depending on factors such as medical comorbidities, tumor 
grade, performance status, and prior treatments. Management 
options include hormonal therapy, cytotoxic chemotherapy 
as well as targeted therapies that inhibit angiogenesis and the 
cellular signaling pathways involved in cell growth and pro-
liferation. Hormonal therapy and cytotoxic chemotherapy 
have traditionally been used in the treatment of metastatic 
endometrial cancer. Advances in molecular biology have led 
to multiple potential targeted therapies to be used in the treat-
ment of metastatic endometrial cancer [109].

Patients with more advanced disease, particularly with 
extrapelvic disease, may be treated with neoadjuvant chemo-
therapy [110]. Using this approach, the tumor bulk is reduced, 
allowing a less extensive surgical procedure with less periop-
erative morbidity. Patients tend to stop bleeding promptly 
after the initiation of chemotherapy.

Pelvic irradiation can be administered for elderly patients 
with multiple medical comorbidities for locoregional control 
and palliation. Using this approach, vaginal bleeding ceases 
shortly after the initiation of treatment [111].

Radiation therapy is a regional technique that has no sig-
nificant impact on overall survival for women with advanced-
stage endometrial cancers. In contrast, neoadjuvant 
chemotherapy may potentially have an impact on overall sur-
vival and accomplish the same control of bleeding as that 
offered by radiation therapy [112].

The management of recurrent uterine cancers is based on 
the cancer’s histology and the extent of disease [113].

Patients with well-differentiated endometrial cancers may 
respond to progestin therapy. We have used progestin therapy 
to control recurrent endometrial cancer for prolonged peri-
ods of time, although most, but not all, women who have 
recurrent disease treated with progestin therapy will have 
further recurrences. Patients with the less well-differentiated 
or more aggressive histologic subtypes typical in elderly 
patients are usually treated with chemotherapy to control 
advanced and recurrent disease.

Three forms of sarcoma involve the uterus: leiomyosarco-
mas, carcinosarcomas, and endometrial sarcomas [114–117].
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Surgery, including hysterectomy and resection of disease, 
serves as the main treatment modality. Adjuvant therapies, 
including radiation, chemotherapy, and/or hormonal therapy, 
have limited benefit on overall survival. Few large ran-
domized controlled trials were conducted because of the 
uterine sarcomas’ rare and aggressive nature. For patients 
with metastatic or recurrent disease, multimodality therapy 
is limited by low response rates and limited duration of 
response [86, 118].

Uterine leiomyosarcomas are treated with hysterectomy. 
Sarcomas arising within the center of well-delineated leio-
myomata and have not penetrated beyond the pseudocap-
sule of the leiomyoma often are cured with hysterectomy 
alone [117].

Leiomyosarcomas arising de novo in the muscular wall of 
the uterus tend to be more aggressive, and surgery alone is 
insufficient [119]. Currently, a debate remains as to whether 
such patients should receive chemotherapy at the time of 
diagnosis or treatment should be delayed until the leiomyo-
sarcoma recurs. The infrequent occurrence of uterine leio-
myosarcomas has limited the opportunity for a prospective 
randomized trial to address this issue. Patients that present 
with metastatic uterine sarcomas are treated with surgery and 
chemotherapy. Their prognosis is poor [120–122].

Carcinosarcomas of the uterus histologically contain car-
cinomatous and sarcomatous elements. The carcinomatous 
element of a carcinosarcoma is often uterine serous cancer, 
although poorly differentiated endometrioid carcinoma can 
also be found or, rarely, a squamous cell carcinoma. The sar-
comatous elements have been categorized as homologous 
elements (tissues normally found in the uterus) and heterolo-
gous elements (not normally found in the uterus). An example 
of a homologous element is a leiomyosarcoma. Heterologous 
elements include rhabdomyosarcoma, chondrosarcoma, and 
osteosarcoma.

The management of uterine carcinosarcomas is surgical, 
including a total hysterectomy, bilateral salpingo-oophorectomy, 
omentectomy, and pelvic and paraaortic lymphadenectomies. 
Surgery is followed by combination chemotherapy and irra-
diation of the vaginal apex or whole pelvis. This approach 
has been most effective for early-stage disease, but it has not 
been effective when the disease has spread outside the uterus 
(i.e., stage III or IV disease) [123–125].

Endometrial stromal sarcomas are low-grade malignan-
cies. They are sensitive to progestin therapy. Following a 
hysterectomy for a low-grade endometrial stromal sarcoma, 
patients should be placed on an oral progestin, either mege-
strol acetate or medroxyprogesterone acetate. Endometrial 
sarcomas, formerly referred to as high-grade endometrial 
stromal sarcomas, are high-grade cancers and often are at 
an advanced stage when diagnosed. Their management is 
by cytoreductive surgery and postoperative combination 
chemotherapy [126].

Key Points in Uterine Cancer Affecting Elderly Patients

The most common presenting symptom is postmeno-•	
pausal vaginal bleeding.
Endometrial cells present on a cervical cytology speci-•	
men (Papanicolaou smear) require evaluation of the endo-
metrial cavity.
Uterine cancers in the elderly are frequently of the type II •	
variety: papillary serous carcinomas, clear cell carcino-
mas, and high-grade endometrioid carcinomas. Even 
stage I cancers are treated with chemotherapy and radia-
tion following surgery.
Conventional or robotic laparoscopy is the preferred sur-•	
gical modality.

Fallopian Tube Cancer

The fallopian tube is the least common site for primary cancers 
to develop in the female reproductive tract. The age-adjusted 
incidence rate for fallopian tube carcinoma is 3.72 per mil-
lion in the United States. The median age for women with 
fallopian tube carcinomas is 64 years. Fallopian tube cancers 
are mostly adenocarcinomas, and serous carcinomas are the 
most common diagnosed histologic type [127]. If the fallo-
pian tube carcinoma involves the ovary, by convention, it is 
considered to be an ovarian cancer, as ovarian cancer occurs 
more frequently than fallopian tube carcinoma.

The etiology of fallopian tube carcinoma is unknown. 
Symptoms associated with fallopian tube carcinoma 
include lower abdominal pain and pressure and a profuse, 
clear vaginal discharge (hydrops tubae profluens) [128]. 
Physical examination often confirms the presence of a 
mass. Imaging studies may be performed using ultrasonog-
raphy or computed tomography (CT) scans to identify an 
adnexal mass. Most fallopian tube carcinomas are found 
when patients undergo surgery for a pelvic mass or pre-
sumed ovarian cancer.

Surgical staging and chemotherapy follow the concepts 
used in epithelial ovarian cancer (EOC). Surgery consists of 
total hysterectomy, adnexectomy, pelvic and periaortic 
lymphadenectomy, omentectomy, and resection of any meta-
static disease. The goal of the surgery is to remove all visible 
and palpable cancer (i.e., cytoreductive surgery) [129].

Postoperative treatment for fallopian tube carcinoma is 
combination chemotherapy using platinum-based protocols 
[130]. CA 125 determinations are routinely used for follow-
up of patients with fallopian tube cancers [131].

Recurrent disease is managed with combination chemo-
therapy. Surgery may be employed to resect recurrent tumor 
if the disease is limited to a few sites rather than diffuse in 
nature.
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The overall survival rate for patients with fallopian tube 
carcinoma is approximately 30–50%. As in EOC, residual 
disease after initial surgery is a significant prognostic factor. 
These figures have not changed significantly with time, indi-
cating the need for further research [132]. Stage of disease at 
the time of diagnosis is the most important factor affecting 
prognosis. The calculated 5-year survival rates from six lit-
erature series were 62% for stage I, 36% for stage II, 17% for 
stage III, and 0% for stage IV [133].

Ovarian Cancer

Ovarian cancer is the sixth most commonly diagnosed can-
cer among women in the world, accounting for nearly 4% of 
all female cancers. In the United States, ovarian cancer is the 
eighth most common cancer and the fifth leading cause of 
cancer death, after lung, breast, colorectal, and pancreatic 
cancer [134].

Ovarian cancer represents the second leading gynecologic 
cancer, following cancer of the uterine corpus, and causes 
more deaths per year than any other cancer of the female 
reproductive system. An estimated 1 in 70 women in the 
United States will develop ovarian cancer in their lifetime. In 
2007, approximately 22,500 new cases of ovarian cancer 
were diagnosed, and 15,500 ovarian cancer-related deaths 
occurred in the United States [135, 136].

Mortality is high with an overall 5-year relative survival 
rate of 45% because women typically present with late-stage 
disease. Thus, the public health burden is significant [137]. 
The incidence of ovarian cancer increases with age, with a 
median age at diagnosis of 65 years. Over 80% of ovarian 
cancers occur after 45 years of age.

One of the most significant risk factors for ovarian cancer 
is a family history of the disease. It is estimated that approxi-
mately 7% of women with ovarian cancer have a positive 
family history for this disease [138–140].

First-degree relatives of ovarian cancer probands have a 
threefold to sevenfold increased risk, especially if multiple 
relatives are affected and at an early age at onset [141].

It is clear that a subset of ovarian cancers occur as part of 
a hereditary cancer syndrome that is inherited in an auto-
somal dominant pattern. The majority of hereditary ovarian 
cancers can be attributed to mutations in the BRCA1 and 
BRCA2 genes [142]. According to data from the Breast 
Cancer Linkage Consortium, the risk of ovarian cancer 
through 70 years of age is up to 44% in BRCA1 families and 
approaches 27% in BRCA2 families [143–145].

Ovarian cancer lacks early warning symptoms and is not 
usually diagnosed until it spreads beyond the ovary and the 
pelvis (i.e., stage III or IV disease). Approximately 70% of 
women present with advanced disease (Table 83.5) [146].

The most common presenting symptoms are abdominal 
bloating and distension, often in association with vague non-
specific abdominal complaints. Frank pain is unusual. 
Gastrointestinal dysfunction is seen in about 20% of women 
with ovarian cancers, and less commonly, postmenopausal 
bleeding is observed. The diagnosis is based on physical 
examination and diagnostic imaging, which reveals pelvic 
and/or abdominal masses and ascites. The tumor marker 

Table 83.5  Carcinoma of the ovary [176]

Stage I Growth limited to the ovaries
IA Growth limited to one ovary: no ascites present 

containing malignant cells. No tumor on the 
external surface; capsule intact

IB Growth limited to both ovaries: no ascites present 
containing malignant cells. No tumor on the 
external surfaces; capsules intact

ICa Tumor either stage IA or IB, but with tumor on surface 
of one or both ovaries, or with capsule ruptured, or 
with ascites present containing malignant cells, or 
with positive peritoneal washings

Stage II Growth involving one or both ovaries with pelvic 
extension

IIA Extension and/or metastases to the uterus and/or tubes
IIB Extension to other pelvic tissues
IICa Tumor either stage IIA or IIB, but with tumor on 

surface of one or both ovaries, or with capsule(s) 
ruptured, or with ascites present containing 
malignant cells, or with positive peritoneal 
washings

Stage III Tumor involving one or both ovaries with histologi-
cally confirmed peritoneal implants outside the 
pelvis and/or positive retroperitoneal or inguinal 
nodes. Superficial liver metastases equal Stage III. 
Tumor is limited to the true pelvis, but with 
histologically proven malignant extension to small 
bowel or omentum

IIIA Tumor grossly limited to the true pelvis, with negative 
nodes, but with histologically confirmed micro-
scopic seeding of abdominal peritoneal surfaces, or 
histologic proven extension to small bowel or 
mesentery

IIIB Tumor of one or both ovaries with histologically 
confirmed implants, peritoneal metastasis of 
abdominal peritoneal surfaces, none exceeding 
2 cm in diameter: nodes are negative

IIIC Peritoneal metastasis beyond the pelvis >2 cm in 
diameter and/or positive retroperitoneal or inguinal 
nodes

Stage IV Growth involving one or both ovaries with distant 
metastases. If pleural effusion is present, there must 
be positive cytology to allot a case to stage IV. 
Parenchymal liver metastasis equals stage IV

Source: Reprinted from Odicino et al. [176], with permission
aIn order to evaluate the impact on prognosis of the different criteria 
for allotting cases to stage IC or IIC, it would be of value to know if 
rupture of the capsule was spontaneous or caused by the surgeon, and 
if the source of malignant cells detected, peritoneal washings or 
ascites
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CA-125 is frequently elevated especially in patients with 
metastatic disease.

The ovary forms cancers from a variety of structures. The 
most common cancer, representing approximately 90% of all 
ovarian cancers, arises from the surface epithelial cells. 
These cells give rise to the common epithelial cancers of the 
ovary, including serous, mucinous, clear-cell, endometrioid, 
Brenner, transitional, and undifferentiated cancers. Mixed 
epithelial cancers also occur.

The germ cell is the second most common source for 
ovarian cancer and represents approximately 5% of all ovar-
ian malignancies [147]. Ovarian germ cell malignancies 
occur most frequently in teenagers and women in their twen-
ties. They are not found after menopause.

Sex cord-stromal tumors are the third most common cancers 
developing in the ovary [148]. They may be functional in nature 
(i.e., produce hormones). The most common functional tumor 
is the granulosa cell tumor, which produces estrogen. The 
Sertoli–Leydig cell tumor produces androgens. Mixed tumors 
and sex cord-stromal tumors are rare and are called gynandro-
blastomas. Elderly patients, in particular, may present with pure 
Sertoli cell or pure Leydig cell tumors, and their symptoms are 
related to the excess hormone production [149–151].

Sarcomas and tumors with sarcomatous elements, such as 
fibrosarcomas, leiomyosarcomas, and carcinosarcomas, are 
rare and most often occur in women over 70 years of age. 
They are a particularly virulent form of ovarian cancer and 
are usually diagnosed as stage III or IV disease [152].

The ovary is a frequent site of metastasis, particularly 
from breast and colon cancer. In addition to CT imaging, 
breast examination, mammograms, and colonoscopy can be 
useful adjuncts when evaluating women with tumors involv-
ing the ovaries [153–156].

The staging of ovarian cancer is surgical (Table 83.5). The 
conventional treatment for ovarian cancer is maximum cytore-
ductive surgery followed by combination platinum-based 
chemotherapy [157, 158]. The surgical treatment consists of 
total hysterectomy, adnexectomy, pelvic and periaortic lymph-
adenectomy, total omentectomy, and tumor debulking [159].

Survival is directly related to the stage of the cancer. For 
women with advanced disease, survival is correlated with the 
amount of residual tumor left at the time of the initial sur-
gery. Resection of all visible tumors with only microscopic 
residual disease left at the completion of the procedure  
confers the best prognosis [160, 161].

In addition to residual tumor volume, age, performance 
status, and tumor histology are independent prognostic fac-
tors in patients with metastatic disease [162].

Surgery is followed by chemotherapy (adjuvant treat-
ment). The most common regimen prescribed is the combi-
nation of carboplatin and paclitaxel [163].

The 5-year survival for stage I patients is 81%, stage II 
patients is 57%, stage III patients is 30%, and stage IV is 
14% [164].

While conventional treatment of patients with ovarian 
cancer consists of cytoreductive surgery followed by chemo-
therapy, more recently, a shift has occurred in this treatment 
philosophy. Patients who present with widely metastatic dis-
ease and who on preoperative evaluation are not considered 
candidates for optimal tumor debulking, may be treated with 
neoadjuvant chemotherapy [165, 166]. The patients eligible 
for this approach will have a CT scan showing advanced dis-
ease and cytologic evidence or biopsy confirming ovarian 
epithelial cancer. Laparoscopy and biopsies can be used as 
an alternative approach to determine resectability. 
Neoadjuvant chemotherapy can also be used to treat patients 
that are unable to tolerate the lengthy and extensive tumor 
debulking procedures because of significant medical comor-
bidities [167, 168]. Patients treated with neoadjuvant chemo-
therapy have the same survival rates as those treated in a 
conventional fashion for stage IIIC or IV disease. 
Retrospective reviews showed no difference in survival [169, 
170]. Patients who received neoadjuvant chemotherapy had 
a much quicker return to their normal status than those 
women who underwent conventional surgery followed by 
adjuvant chemotherapy. The rapid improvement in perfor-
mance status among women who underwent neoadjuvant 
chemotherapy was impressive despite the fact that their per-
formance status was statistically worse than that of women 
who underwent conventional treatment. In addition, the 
median age of patients who were treated with neoadjuvant 
chemotherapy was significantly older than of those who 
received conventional treatment [171].

Two-thirds of the women who underwent neoadjuvant 
chemotherapy for ovarian cancer management also under-
went cytoreductive surgery. The survival of the women who 
underwent cytoreductive surgery was statistically better than 
the survival of those who did not. More women who under-
went cytoreductive surgery after neoadjuvant treatment had 
no visible residual tumor at the completion of surgery com-
pared to those who underwent conventional therapy [172].

One-third of the neoadjuvant-treated patients were unable 
to undergo surgery. Chemotherapy alone can be used to pal-
liate women who are elderly and medically unable to undergo 
surgery. Patients who do not have a complete response to 
neoadjuvant chemotherapy invariably die of ovarian cancer 
or intercurrent disease.

Most women who initially present with metastatic ovar-
ian cancer will develop recurrence [173]. Treatment is based 
on whether the cancer recurs locally or diffusely throughout 
the abdominal cavity. Isolated recurrent cancers are usually 
treated by secondary cytoreductive surgery followed by  
single-agent or combination chemotherapy [174]. Patients 
whose lesions are optimally cytoreduced at the time of sec-
ondary cytoreductive surgery appear to have a longer sur-
vival than those whose lesions could not be completely 
resected. Once ovarian cancer recurs, it acts like a chronic 
disease that invariably leads to the patient’s demise.
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Key Points in Ovarian Cancer Affecting Elderly Patients

It is predominantly a disease of the elderly patient.•	
Only 5% of ovarian cancers are caused by inherited muta-•	
tions, and these patients are affected at younger ages.
Most patients present with metastatic disease.•	

Resection of all visible tumors confers the best •	
prognosis.
In patients with advanced disease, neoadjuvant chemo-•	
therapy increases the rate of optimal tumor debulking and 
decreases perioperative morbidity without affecting over-
all survival.

CASE STUDY

MG is an 82-year-old Caucasian patient with medical his-
tory significant for well-controlled hypertension who pre-
sented to the Emergency Department with sudden onset 
of palpitations and severe dyspnea. The workup included 
a CT scan, which showed a massive pulmonary saddle 
embolus, large ascites, and numerous pelvic and abdomi-
nal masses. On further inquiry, the patient stated that she 
noticed her waist getting wider; however, she attributed 
this to “getting fat” since she experienced no pain or any 
changes in her bowel or bladder function. The patient 
underwent a paracentesis, and the cytologic examination 
revealed metastatic ovarian adenocarcinoma. She was 
treated with six cycles of combination neoadjuvant che-
motherapy consisting of paclitaxel and carboplatin every 
21 days. After two cycles, the ascites resolved; she was 
able to leave her wheelchair, and she no longer required 
oxygen therapy. After four cycles, she was her usual self, 
and the serum levels of CA-125 went from over 1,500 U/
mL to normal. Her nutritional status returned to normal. 
She underwent surgery with successful resection of all 
visible tumors. The intraoperative findings showed a 
notable decrease in size of the tumor burden. Her postop-
erative course was uneventful. Postoperatively, she was 
treated with six cycles of the same cytotoxic drugs. She 
remained without evidence of recurrent disease for 12 
months after which she was treated with several chemo-
therapy regimens. Three years after her initial diagnosis, 
she remains an active person leading a normal life.

Discussion

The concept of neoadjuvant therapy with cytotoxic 
agents is one of the most important contributions to 
the treatment of ovarian cancer in the last two decades. 
Most patients with ovarian cancer have no or minor 
symptoms until metastases develop. Currently, there  
is no effective screening test for epithelial ovarian  
cancer. These factors impede the diagnosis in early 
stages, and most patients present with stage III or IV 
disease.

It is well recognized that the best survival is assured 
when all visible tumors are resected. However, the surgi-
cal procedures to accomplish the destruction of all meta-
static implants do not carry a trivial morbidity.

Approximately 85% of epithelial ovarian tumors 
respond when treated with neoadjuvant platinum-based 
therapy. The results can be dramatic sometimes, with the 
ascites disappearing and the tumors shrinking or disap-
pearing completely. This effect facilitates a higher rate of 
optimal tumor debulking, and the perioperative morbid-
ity is much reduced.

This treatment concept is also applicable to patients 
who are not suitable for an extensive operation because 
of advanced age, medical comorbidities, or poor nutri-
tional status. The overall survival for patients with ovar-
ian cancer is better when a multimodality approach is 
used, i.e., chemotherapy and surgery.
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Prior to the 1980s, advances in neurosurgery were tied to 
increased surgical competence based on better illumination 
and magnification of the operative microscope coupled with 
safer anesthesia and the creation of intensive care units 
devoted to the special needs of the injured nervous system. 
Most of the literature in the 1960s and 1970s concentrated on 
improving outcomes in the most devastating and easily rec-
ognized disorders such as those of pediatric development 
(hydrocephalus and spinal dysraphisms), trauma and, in par-
ticular, the vascular anomalies of aneurysms and arterio-
venous malformations (AVM). There was little attention 
applied separately to issues of the elderly since the afore-
mentioned disorders primarily affected a young to middle-
aged population.

The most surgically unremediable conditions occurred in 
the elderly, such as hypertensive intracerebral hematomas 
and malignant brain tumors, particularly glioblastoma multi-
forma. The most common diagnostic imaging techniques of 
pneumoencephalography and arteriography were invasive 
and held increased risk in the elderly.

The last three decades, however, have seen a revolution in 
our approach to diseases of the nervous system, primarily 
because of the computer, which has been the basis of sophis-
ticated noninvasive computerized tomographic (CT) and 
Magnetic Resonance (MR) imaging of the brain, spinal cord, 
and bony support elements. Because of the rigid skull, the 
brain was the first organ precisely navigated utilizing stereot-
actic coordinates, providing minimally invasive diagnostic 
and therapeutic potential.

With the continued evolution of high-resolution imaging 
and intravascular microcatheters, the neurovascular field is 
changing before our eyes. In a few short years, we have seen 
the universal application of intracranial aneurysm clipping 

giving way to endovascular techniques, which are becoming 
more sophisticated each year and are sure to decrease 
the  morbidity and mortality of aneurysmal subarachnoid 
hemorrhage in the elderly.

MRI scanning delivers anatomically precise and often 
disease-specific diagnoses and when coupled with stereotac-
tic devices and radiation therapy tools, aids in non-invasive 
pinpoint destruction of a variety of slow growing tumors 
(meningiomas, vestibular schwannomas), AVM’s and cranial 
nerves producing drug resistant pain (trigeminal neuralgia). 
All of these disorders have an increased frequency in the 
aging population and are much more safely treated with 
modern technology.

Analyzing the aging brain with techniques other than CT 
and MRI, such as Positron Emission Tomography (PET), 
MR Spectroscopy (MRS), functional MR (fMR) and Single 
Photon Emission Tomography (SPECT), and electrophysiol-
ogy, may be coupled in the near future with genetically tar-
geted molecules and precise delivery techniques to treat 
neurodegenerative diseases such as Parkinson’s and 
Alzheimer’s. These two diseases, specifically, are increasing 
in number, as nutrition and cardiovascular advancements 
have lengthened our life span.

With all of these new techniques, the issue, more than ever, 
will be the thoughtful and ethical application of therapy, par-
ticularly in those individuals over 70 years where there is less 
systemic reserve and quality of life takes on a different per-
spective than that of the 40-year old. Some clinical decisions 
should be obvious, such as the use of endovascular techniques 
to palliate or cure intracranial vascular disease. The other 
edge of this sword, however, may be the indiscriminant use of 
intra-arterial TPA for occlusive vascular disease in the aged 
brain. There is just no clear data to guide such therapy. Also, 
common sense should prevail in watchful waiting of inciden-
tally discovered but asymptomatic slow-growing tumors such 
as the pituitary, meningioma, and schwannoma.

The judicious use of Deep Brain Stimulation (DBS) has 
already made a major impact on improving the quality of life 
(QOL) in Parkinsonian patients, and early nonrandomized 
trials of neurostimulation in medically intractable depression 
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show promising effects. As neurostimulation becomes more 
popular and available, we must develop proper utilization 
criteria for these devices in the older patients.

We are quickly approaching an era where the declining 
health of the baby boomers may overwhelm an already 
strained health-care system. Applying our surgical decisions, 
tools, and techniques to the elderly in the same manner that 
we might in young and middle-aged patients may not be the 
most thoughtful or cost-effective, just as is inappropriate in 

infants and very young children. Modern medicine has the 
ability to preserve and prolong life. However, our most 
important consideration must be the quality of the life that 
remains. Clinical trials of neuroactive drugs, chemothera-
peutic agents, and neurosurgical intervention must include 
and provide segregated study of older patients. Clinical 
investigation must carefully examine the physiology and 
pathophysiology of nervous system disorders before therapies 
are applied widely or withheld without justification.



1121R.A. Rosenthal et al. (eds.), Principles and Practice of Geriatric Surgery, 
DOI 10.1007/978-1-4419-6999-6_85, © Springer Science+Business Media, LLC 2011

Chapter 85
Effects of Aging on the Nervous System

Howard A. Crystal, Pedro J. Torrico, Shefali Gandhi, and Paul J. Maccabee 

Anatomic, physiologic, and systems levels changes in the nervous system with age

Parameter Change with age

Anatomical

Neuron number Varies, no change in some brain regions, small decreases in others, 
possible decrease in number of lower motor neurons in some regions

Synaptic density Possibly decreased in some regions
Dendritic arborization Possibly decreased in some regions
Myelin May be decreased in volume
Muscle mass Decreased
Muscle fast twitch fibers Decreased
Neuromodulators May be decreased

Physiologic
Speed of conduction over myelinated fibers Decreased
Synaptic plasticity Probably decreased
Ability for neuronal assemblies to synchronize and desynchronize Not known
Neurogenesis May be decreased

Systems level
Cognition

Speed Decreased
Learning, new episodic memory Decreased
Recalling old semantic memory Contradictory data
Recalling old procedural memory Little data
Learning new procedural memory Little data
Language Not decreased

Motor
Strength Decreased
Speed Decreased
Somatosensory perception thresholds Decreased

An issue in analyzing all human studies of normal aging is separating the effects of highly prevalent diseases such as hypertension and hyperlipi-
demia from the effects of normal aging. Subjects with chronic degenerative disorders with high prevalence such as Alzheimer’s disease that have 
a very long preclinical phase are often unavoidably included as “normals.” The best way to deal with this source of error is to conduct longitudinal 
studies and only include subjects as “normal” who do not decline over time. Although it is tempting to relate changes on the molecular and cellular 
level to changes at the system level, correlative data supporting such inferences are rarely available
Source: Data from Hof PR, Morrison JH (2004) The aging brain: morphomolecular senescence of cortical circuits. Trends Neurosci 27(10): 
607–613 and Rossini PM, Rossi S, Babiloni C, Polich J (2007) Clinical neurophysiology of aging brain: from normal aging to neurodegeneration. 
Prog Neurobiol 83:375–400

In this chapter, we will discuss four syndromes that comprise 
most of the neurological problems encountered by geriatric 
perisurgical patients: weakness, strokes, seizures, and cogni-
tive impairment.

Weakness

Weakness and particularly the inability to wean a patient from 
a respirator are common neurological problems in critically 
ill elderly postsurgical patients. Weaning difficulties are often 
the first sign of weakness as intubated patients do not move 
out of bed or sit up and eat. Many surgical patients clearly 
meet criteria for critical illness and systemic inflammatory 
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response syndrome (SIRS) and are at risk for critical illness 
neuropathy and critical illness myopathy. Weakness associ-
ated with prolonged neuromuscular blockade from pancuro-
nium or other agents is also not uncommon. The differential 
diagnosis of weakness in an acute ill postsurgical patient 
is  long (reviewed in Howard et al. [1]). In elderly patients, 
several diseases may be contributing to motor functional 
impairment in the same patient.

Critical Illness Polyneuropathy  
and Myopathy

Critical illness polyneuropathy (CIP) and myopathy (CIM) 
may be identified in 25–63% of patients who are main-
tained on artificial respiration for 7 or more days and 
achieves a 70–100% incidence in the presence of sepsis 
[2–4]. Factors leading to SIRS, CIP, and CIM are summa-
rized in Fig. 85.1.

CIP is frequently preceded by septic encephalopathy [3]. 
Perisurgical infection increases the likelihood of SIRS [3]. 
The use of neuromuscular blocking agents and/or steroids 
increases the likelihood of CIM. Organ failure increases the 
likelihood of CIP. Upon successful treatment of SIRS and 
recovery of encephalopathy, the inability to wean from the 
respirator is often the initial indication of CIP [5]. SIRS in 
the context of neuromuscular blocking medications and cor-
ticosteroids is further implicated in CIM. Combined CIP and 
CIM is common, suggesting the designation of critical ill-
ness polyneuropathy and myopathy (CIPNM).

Critical Illness Neuropathy

CIP is an acute sensorimotor axonopathy that occurs in 
patients with multiorgan failure, septic encephalopathy, and 
systemic inflammatory response syndrome. Hypoalbumin
emia and hyperglycemia may further increase risk. Neuro
logical exam typically reveals distal weakness, distal sensory 
loss, and areflexia, although reflexes may be preserved at the 
time of the exam, especially early. Facial muscles are usually 
spared. Weakness is usually more marked than sensory loss. 
The discrepancy between preserved facial grimace to nox-
ious limb stimuli, with absent or decreased limb movement 
is “striking” [4]. The main differential diagnosis is preexist-
ing or in-hospital acquired Guillian–Barre syndrome, usu-
ally the most common subtype, acute inflammatory 

Figure 85.1  Factors associated with systemic inflammatory response 
syndrome (SIRS), critical illness polyneuropathy (CIP), and critical ill-
ness myopathy (CIM) (reprinted with permission from Bolton [3]).

Case study

An 80-year-old man with a 20-year history of hyper-
tension and diabetes is 6 days post-op from an emer-
gency cholecystectomy. He developed pneumonia on 
the first postoperative day and was never extubated. 
Neurological consultation was requested on the sixth 
hospital day when despite recovering from the surgery 
and pneumonia, it was difficult to wean him from the 
respirator.

Neurological evaluation showed a drowsy, modestly 
cooperative man. Mental status testing was done by ask-
ing “yes/no” questions and the patient selected the wrong 
year, month, and hospital name. Facial muscle strength 
was difficult to assess with the endotracheal tube in place, 
but eye closure was near normal in strength. Motor exam 

showed that he was barely able to break gravity in most 
muscles tested. Reflexes were absent. Sensory exam 
revealed little useful information.

The neurologist suggested a possible acute neuropa-
thy, most likely critical illness or acute demyelinating 
and recommended nerve conduction studies and electro-
myography, but also indicated that the areflexia could 
have been from his long-standing diabetes, and acute 
myopathies or neuromuscular junction syndromes 
needed to be ruled out as well.

This case shows that neurological exam in the ICU is 
often challenging. Communication may be limited 
because of intubation, sedation, and/or encephalopathy. 
These factors influence manual motor and sensory test-
ing. Access may also be limited because of the site and 
nature of the surgery.
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demyelinating neuropathy (AIDP). AIDP may be character-
ized by very slow motor nerve conduction studies and a CSF 
pattern of high protein with few cells (albumincytologic 
dissociation). In contrast to CIP, facial weakness may often 
be present in AIDP. Other important diagnostic possibilities 
include preexisting decompensated Myasthenia Gravis and 
Lambert–Eaton Myasthenic syndrome.

Diagnosis may be confirmed by detailed electrophysio-
logical studies, and if possible, nerve biopsy. In general, the 
sicker the patient the more severe the neuropathy; patients 
with severe neuropathies may show only limited improve-
ment in strength as long as 4 years later. The etiology is not 
known and signs of inflammation are not present on post-
mortem exam.

Appropriate electrophysiologic testing is comprehensive [3]. 
Studies should include both motor and sensory nerve con-
ductions, F waves, and needle EMG. If respiratory difficulty 
is present, phrenic nerve conduction studies and needle EMG 
of respiratory muscles may be critical in establishing the 
diagnosis [6]. In CIP, the nerve conduction studies indicate a 
sensorimotor axonal neuropathy, manifest by low amplitude 
motor and sensory-evoked responses. Decline of motor 
amplitude responses may be the earliest electrophysiologic 
finding, following the onset of SIRS but preceding the clini-
cal syndrome [7]. Unlike diffuse axonal sensorimotor neu-
ropathy, demyelinating features in AIDP may include 
markedly slow motor conduction velocities, extremely pro-
longed terminal motor and F-wave latencies, absent F waves 
and H-Soleus reflexes, prolonged distal compound muscle 
action with potential durations greater than 9 ms, and con-
duction block. It is important to emphasize that demyelinat-
ing abnormalities in AIDP may only be very slight, affecting 
as few as one or two motor nerves [8, 9].

Neuromuscular Blockade Syndromes

Some patients on neuromuscular blocking agents remain 
weak for days after the agents are discontinued, long after 
the blocking agent should have been metabolized and cleared. 
Several factors increase the likelihood of this syndrome 
including hypermagnesemia, use of aminoglycoside antibi-
otics and clindamycin, metabolic acidosis, hepatic or renal 
failure, and use of high-dose steroids. Hepatic or renal fail-
ure will prevent timely metabolism of these agents, resulting 
in prolongation of neuromuscular block. The syndrome may 
be distinguished from critical care myopathy by a normal 
CPK, and a decremental response on repetitive nerve stimu-
lation (see below). This syndrome usually clears over days to 
2 weeks, and overall prognosis is good.

It is always necessary to exclude neuromuscular junction 
disorders by available assays to detect acetylcholine receptor 

and muscle-specific kinase (MuSK) antibodies. In the presence 
of significant weakness, neuromuscular junction disorders 
are electrophysiologically best assessed by repetitive stimula-
tion of single motor nerves (Jolly test) or single fiber EMG 
(SFEMG). If the patient is paralyzed or uncooperative, stimu-
lation SFEMG will be required. In Myasthenia Gravis, a post-
synaptic neuromuscular junction disorder, repetitive 
stimulation at slow rates typically shows abnormal decremen-
tal evoked responses, usually assessed by comparing the first 
vs. fifth elicited compound muscle action potential amplitude 
or area. Repetitive stimulation at fast rates in Lambert–Eaton 
Myasthenic syndrome, a presynaptic junction disorder, 
reveals abnormal incremental motor-evoked responses. 
Characteristic abnormalities of SFEMG in Myasthenia Gravis 
include prolonged jitter (variation in activation time across 
the same neuromuscular junction to repetitive discharges and 
blocking of transmission across the same neuromuscular 
junction to one or more attempted discharges).

Critical Illness Myopathy

The clinical hallmark of CIM is flaccid weakness, usually 
diffuse, involving limb muscles, neck flexors, often facial 
muscles and diaphragm, and occasionally extra-ocular mus-
cles [3]. As in CIP, deep tendon reflexes are usually 
depressed but may be normal. The diagnosis is rarely sus-
pected until it is difficult to wean patient from the respirator. 
The true incidence of CIM in patients who have difficulty 
being weaned from a respirator is not known as such studies 
require extensive electromyography, muscle biopsy, and 
nerve biopsy (to distinguish from Cip) and cannot rely on 
physical exam alone. The few studies that have been con-
ducted suggest CIM is as common as CIP [10–14] or more 
common than CIP [1] Prognosis for CIM is better than for 
CIP. In over 80% of reported cases of CIM, patients have 
been exposed to both high-dose steroids and neuromuscular 
blocking agents, but it can occur in any critically ill 
patient.

The currently proposed three main subtypes of CIM 
include (1) myopathy with selective loss of thick filaments, 
also referred to as “acute quadriplegic” myopathy [15]; (2) 
rhabdomyolysis; and (3) nonnecrototizing cachectic myopa-
thy, also referred to as disuse atrophy. (1) Myopathy with 
selective loss of thick filaments is typically seen in the context 
of acute asthma associated with mechanical respiration, neu-
romuscular blockade, and administration of high-dose ste-
roids, this disorder is also seen following transplant surgery. 
Serum CPK can be mildly increased. (2) Rhabdomyolysis is 
also provoked by the administration of neuromuscular block-
ing medications and high-dose corticosteroids and may  be 
associated with hyperkalemia, hypocalcemia, myoglobinuria, 
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and markedly elevated CPK, with resulting renal failure and 
cardiac irritability. According to Bolton, the acute necrototiz-
ing myopathy of intensive care [16] is a further stage in the 
progression of rhabdomyolysis. (3) Nonnecrototizing cachec-
tic myopathy occurs in the context of malnutrition and starva-
tion, and may be seen in anorexia nervosa and after 
gastric-bypass surgery. CPK and electrophysiologic testing 
are normal.

Nerve conduction studies in pure thick filament myopathy 
and in rhabdomyolysis may typically show preserved sensory 
nerve action potentials, low amplitude motor-evoked 
responses, absence of demyelinative findings on nerve con-
ductions, and normal repetitive stimulation at slow and fast 
rates. Sometimes, it is possible to distinguish CIP from CIM 
by direct muscle stimulation [17, 18]. In CIP there may be an 
absent or very low amplitude response to nerve stimulation 
whereas direct muscle stimulation evokes a significant ampli-
tude response. The hallmark of myopathy on needle EMG is 
enhanced motor unit recruitment consisting of brief duration, 
low amplitude polyphasic motor units. Enhancement refers to 
the demonstration of a full interference pattern often in the 
presence of weakness; this occurs because in a pure myopa-
thy, the number of voluntarily activated motor units is thought 
to be full. Active denervation (i.e., the spontaneous presence 

of fibrillations and positive sharp waves on needle EMG) may 
be observed in both CIM and CIP, and therefore does not 
distinguish either possibility. Another confounding issue is 
the presence of edema in critically ill patients, which may 
attenuate sensory nerve action potentials; this can be over-
come by direct near nerve recordings at the bedside [19].

Table 85.1 summarizes incidence, clinical features, elec-
trophysiological findings, CPK, muscle biopsy results, and 
prognosis for the seven neuromuscular syndromes associ-
ated with weakness in critical illness.

Strokes and Cerebrovascular Disease

Perioperative stroke is uncommon after general surgery, but 
incidence can be 8% or higher in patients undergoing heart 
surgery who also have symptomatic carotid artery disease 
[20]. Neurologists may be consulted before surgery concern-
ing use or reversal of antiplatelet agents and anticoagulants 
or management of patients with known or potential carotid 
artery disease. After surgery, neurologists may be consulted 
for weakness, difficulty awakening, difficulty weaning from 
a respirator, or postoperative confusion. A perioperative 

Table 85.1  Neuromuscular conditions associated with critical illness

Condition Incidence Clinical features
Electrophysiologic 
findings

Serum creatine 
kinase Muscle biopsy Prognosis

Polyneuropathy

Critical illness 
polyneuropathy

Common Flaccid limbs, 
respiratory 
weakness

Axonal degeneration 
of motor and 
sensory fibers

Nearly normal Denervation 
atrophy

Variable

Neuromuscular transmission defect

Transient neuromus-
cular blockade

Common with 
neuromuscular 
blocking agents

Flaccid limbs, 
respiratory 
weakness

Abnormal repetitive 
nerve stimulation 
studies

Normal Normal Good

Critical illness myopathy

Thick-filament 
myosin loss

Common with 
steroids, 
neuromuscular 
blocking agents, 
and sepsis

Flaccid limbs, 
respiratory 
weakness

Abnormal spontaneous 
activity

Mildly elevated Loss of thick 
(myosin) 
filaments

Good

Rhabdomyolysis Rare Flaccid limbs Near normal Markedly elevated 
(myoglobinuria)

Normal or mild 
necrosis

Good

Necrotizing 
myopathy of 
intensive care

Rare Flaccid weakness, 
myoglobinuria

Severe myopathy Markedly elevated, 
myoglobinuria

Marked 
necrosis

Poor

Disuse (cachectic) 
myopathy

Common (?) Muscle wasting Normal Normal Normal or 
type II fiber 
atrophy

Good

Combined 
polyneuropathy 
and myopathy

Common Flaccid limbs, 
respiratory 
weakness

Indicate combined 
polyneuropathy and 
myopathy

Variable Denervation 
atrophy and 
myopathy

Variable

Source: Adapted with permission from Bolton [3]
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stroke is one of several causes for any of these problems. We 
review (1) epidemiology; (2) etiology; (3) management of 
antiplatelet drugs and of warfarin; (4) management of carotid 
artery disease in elective surgery; (5) management of acute 
strokes in the postoperative period; and (6) timing of elective 
surgery after a stroke.

Epidemiology

The risk of perioperative stroke depends on many factors 
including patient age, urgency of surgery, co-morbidities, 
duration of surgery, and most importantly the type of surgery. 
Table 85.2 from a recent review [20] summarizes incidences 
for perioperative stroke after different types of surgery.

Brain surgery also has a relative high risk of associated 
stroke. The risk of stroke for combined CABG and valve 
surgery in patients with severe carotid artery disease may be 
as high as 11% [21]. Factors contributing to the risk of stroke 
are summarized in Table 85.3.

Etiology

Figure  85.2 illustrates mechanisms of perioperative stroke. 
The figure emphasizes that decreased cerebral perfusion is a 
relatively uncommon cause of stroke. A distinction should be 
made between strokes detected in the first 24 h after surgery 
that comprise around 45% of perioperative strokes, and those 
that occur in the second surgical day or later. Mechanisms in 
this latter group include atrial fibrillation, hypercoagulable 
state, and myocardial infarction [20]. Interruption of antiplatelet 
[21] and anticoagulant [22–24] therapy may lead to stroke, 
possibly by inducing a rebound hypercoagulable state.

Patients who are maintained on cardiopulmonary bypass 
during surgery are at risk for acute strokes because of micro-
emboli, macroemboli, and hypotension [25]. Macroemboli 

Table 85.3  Risk factors for perioperative stroke

Preoperative (patient-related) risk factors
Advanced age (>70 years) a

Female sex
History of hypertension, diabetes mellitus, renal insufficiency 

(creatinine, >2 mg/dl [177 mmol/L]), smoking, chronic obstructive 
pulmonary disease, peripheral vascular disease, cardiac disease 
(coronary artery disease, arrhythmias, heart failure), and systolic 
dysfunction (ejection fraction, <40%) b

History of stroke or transient ischemic attack
Carotid stenosis (especially if symptomatic)
Atherosclerosis of the ascending aorta (in patients undergoing cardiac 

surgery)
Abrupt discontinuation of antithrombotic therapy before surgery

Intraoperative (procedure-related) risk factors
Type and nature of the surgical procedure
Type of anesthesia (general or local)
Duration of surgery and, in cardiac procedures, duration of 

cardiopulmonary bypass, and aortic cross-clamp time
Manipulations of proximal aortic atherosclerotic lesions
Arrhythmias, hyperglycemia, hypotension, or hypertension

Postoperative risk factors
Heart failure, low ejection fraction, myocardial infarction, or arrhythmias 

(atrial fibrillation)
Dehydration and blood loss
Hyperglycemia
Source: Reprinted with permission from Selim [20] © 2007 Massachu
setts Medical Society. All rights reserved
a Age itself does not predict the risk of stroke, and the 70-year cutoff is 
arbitrary. However, advanced age is a marker of decreased cerebrovas-
cular reserve and multiple coexisting conditions
b The effect of systolic dysfunction on the risk of perioperative stroke is 
particularly pronounced among patients undergoing left-main-stem 
revascularization and those with atrial fibrillation

Figure 85.2  Mechanisms of perioperative strokes (reprinted with per-
mission from Selim [20] © 2007 Massachusetts Medical Society. All 
rights reserved).

Table 85.2  Incidence of stroke after various surgical procedures

Procedure Risk of stroke (%)

General surgery 0.08–0.7
Peripheral vascular surgery 0.8–3.0
Resection of head and neck tumors 4.8
Carotid endarterectomy 5.5–6.1
Isolated CABG 1.4–3.8
Combined CABG and value surgery 7.4
Isolated value surgery 4.8–8.8
Double- or triple-value surgery 9.7
Aortic repair 8.7
Source: Reprinted with permission from Selim [20] © 2007 Massachu
setts Medical Society. All rights reserved
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may come from the aorta or heart. Many heart surgery 
patients develop atrial fibrillation in the first days after 
surgery. Microemboli may occur after the release of cross 
clamping on the aorta, when cardiac ejection is restarting or 
from the heart-lung machine itself [25]. Post-mortem studies 
have shown that sometimes millions of microemboli in the 
brain microvasculature are found.

Hypotension may occur during surgery for several rea-
sons and often it is intentionally induced. If brain cerebral 
perfusion pressure is kept at 50  mmHg or better hypoxic 
injury to the brain should not occur [25]. There is no consen-
sus concerning optimal arterial perfusion during surgery, 
with some experts recommending perfusion pressures around 
80  mmHg [20]. Brain regions whose blood supply comes 
from distal branches of two or more cerebral arteries may 
suffer borderzone infarction during systemic hypotension. 
The most common infarcts occur between distal branches of 
the middle cerebral and anterior cerebral artery (anterior 
borderzone infarcts), or between branches of the middle 
cerebral and posterior cerebral arteries (posterior borderzone 
infarcts). Nonetheless, as indicated above, decreased cere-
bral perfusion accounts for a small percentage of strokes 
associated with heart surgery. Indeed, syndromes identical to 
borderzone infarcts may occur with emboli [26].

Fat emboli can be associated with fractures of long bones. 
Although most of these emboli usually travel to the lungs 
and may cause severe hypoxia, in about 2% of cases, the fat 
emboli enter the arterial circulation and can cause cerebral 
infarctions [27]. The mechanisms by which the fat emboli 
enter the arterial circulation are not known. Other uncom-
mon causes of stroke include air emboli from endoscopy, 
intravascular procedures, or heart-lung bypass, and para-
doxical emboli from patients with deep vein thromboses 
who have a patent foramen ovale [20]. Improper patient 
positioning may compress or dissect cervical arteries during 
intubation [21].

Antiplatelets and Anticoagulants  
in the Perioperative Period

Hundreds of studies have investigated whether antiplatelet 
agents such as aspirin or clopidigrel should be discontinued 
prior to surgery so that platelet function returns to normal 
or whether they can be safely continued up to the time of 
surgery [28–31]. The risks associated with non-aspirin 
NSAIDs have also been investigated. In general these stud-
ies suggest that although there is a significant increase in 
bleeding complications associated with these drugs, there is 
no increase in morbidity or mortality, and that the time to 
hospital discharge is not prolonged. As discontinuation of 
antiplatelet agents can be associated with a rebound hyperco-

agulable state and increased risk of infarction, the decision 
about whether or not to stop antiplatelet agents needs to be 
weighed carefully. In contrast, there is consensus that anti-
platelet agents can be started 6  h after cardiac or carotid 
artery surgery.

Sixty-five percent of the over 2.3 million patients in the 
USA with atrial fibrillation are maintained at some time on 
warfarin. When warfarin is stopped prior to surgery, what is 
the risk of stroke in these patients? Some surgical proce-
dures have such low risk of major bleeding that it is more 
risky to stop warfarin. With internal normalized ratios 
(INRs) of 1.8–2.1, knee or hip replacement, dental proce-
dures, arthrocentesis, and diagnostic endoscopy can proceed 
without undue risk of major hemorrhage [20]. For surgery 
with a high risk of bleeding in patients with very high risk 
of stroke from embolization (such as atrial fibrillation with 
valvular disease) one expert recommendation is to stop war-
farin 4  days prior to procedure, switch to low molecular 
weight heparin or unfractionated heparin until 12–18  h 
before the procedure, and restart heparin 6 h after the proce-
dure [32].

In patients who are anticoagulated who require STAT 
emergency surgery, reversal with fresh frozen plasma, and 
possibly prothrombin and factor VIII may be indicated. If sur-
gery can be safely delayed for 48–72 h, oral vitamin K supple-
mentation may be sufficient to reduce INR to less than 1.5.

Management of Carotid Artery Disease

Neurological consultation should be considered for presurgi-
cal patients with a history of recent TIAs or who have known 
carotid artery disease. A careful history is required to elicit 
symptoms of a possible TIA that include unilateral weakness 
or sensory loss, dizziness, vertigo, language impairment, 
confusion, diplopia, dysarthria, other visual disturbances, 
ataxia, and amnesia among others. As these symptoms are 
not specific, neurological consultation may be useful to 
assess the likelihood these symptoms were from TIAs in the 
carotid or vertebral/basilar artery distribution. Prior to elec-
tive surgery, imaging of the extracranial arteries with ultra-
sound, magnetic resonance angiography, or computed 
tomographic angiography may be indicated. Magnetic reso-
nance imaging of the brain is the most sensitive way to 
determine whether a patient has had previous strokes. 
Asymptomatic patients including patients with an audible 
cervical bruit are at low risk for stroke and probably do not 
require further evaluation.

A recent study [33] reviewed over 27,000 carotid revascu-
larizations performed between the years 2000 and 2004. 
Only 3.3% of patients had carotid stenting, and these patients 
had a lower incidence of stroke or combined stroke and 
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death. Nonetheless, in-hospital death rates were similar. 
Randomized clinical trials comparing stenting and endartec-
tomy are lacking, and there is no consensus on best manage-
ment [34, 35].

Evaluation and Management  
of Acute Infarcts

If a stroke is suspected in a perisurgical patient, a STAT neu-
rological consultation should be requested. Although intra-
venous tPA is contraindicated within 14  days of major 
surgery, an interventionist neuroradiologist may be able to 
offer a thrombectomy [36, 37] or possibly intra-arterial tPA 
[38]. Most Emergency Departments have worked out the 
logistics for contacting neurologists for “stroke codes.” If a 
stroke is suspected, it may be most efficient to call the ED 
physician and tell him or her that you have a stroke code on 
a hospitalized patient. The stroke team neurologist will then 
contact the interventionist when appropriate.

How Long Poststroke Is Elective Surgery 
Permissible?

There are no research studies that address this question, but 
most stroke experts believe that elective surgery can be 
scheduled starting 3 months after a moderate- to large-sized 
acute infarct.

Seizures

In this section, we will discuss four clinical scenarios: (1) 
patients with epilepsy for years with seizures that are well 
controlled on antiepileptic drugs (AEDS); (2) patients with 
known seizures disorder who have poor control or who 
have stopped taking AEDS; (3) patients with no history 
of  seizures who have seizures in the post-op period; and 
(4) patients with known epilepsy who have seizures in the 
post-op period.

Patients with Known Seizure Disorder 
Stable on AEDs

Seizures disorders are common among geriatric patients with 
a prevalence of 1–2% [39] and most geriatric patients with 
seizures are maintained on one or two AEDs with twice or 
three times a day dosing. In this way, geriatric patients with 

epilepsy differ from some younger patients with intractable 
seizure disorders.

If the duration the patient is expected to have nothing by 
mouth is 12 h or less, AEDS can be given with a sip of water 
2 or more hours before surgery and restarted when clear liq-
uids are permitted. Even if a patient is on three times daily 
dosing, it is unlikely that AED levels will fall so low that 
breakthrough seizures will be a problem. If the duration of 
no oral intake is to be greater than 12 h then either a nasogas-
tric tube can be used or the patient can be maintained on 
“bridging” therapy with intravenous fosphenytoin/pheny-
toin, valproic acid, or levetiracetam. If the patient is already 
on oral monotherapy with these drugs, then the patient should 
be maintained in intravenous forms of the drug. Measurement 
of phenytoin and valproic acid levels prior to surgery will be 
invaluable. Levels of levetiracetam are not available.

It is more complicated for patients who are on gabapentin, 
carbamazepine, lamotrogine, oxcarbazepine, or topirimate 
as there are no intravenous forms of these drugs. In these 
cases, the neurologist will usually recommend temporary 
monotherapy with intravenous fosphenytoin, valproic acid, 
and levetiracetam. Fosphenytoin, the proform of phenytoin is 
completely metabolized to phenytoin within one pass through 
the liver. Phenytoin has limited solubility in water whereas 
fosphenytoin is water soluble. Fosphenytoin is preferable to 
phenytoin for intravenous use because it can be administered 
more quickly, is less likely to be associated with arrhythmias 
or hypotension, and is less likely to stick to intravenous tub-
ing. Phenytoin has complicated pharmacokinetics and mul-
tiple drug–drug interactions and intravenous forms of 
valproic acid and levetiracetam are being used more and 
more for bridging therapies in patients unable to take oral 
medications.

Patients with Known Seizure Disorders 
Who Have Stopped Taking Their AEDs

Patients who have gone 2 years without a seizure on AEDs 
can usually be tapered off their AEDs, particularly if there 
is no structural lesion on MRI and the EEG does not show 
epileptiform activity. Accordingly, it becomes a judgment 
call what to recommend for a patient who has stopped taking 
AEDs but who has not had a seizure for several months.

Patients with No Previous History Who Have 
Their First Seizure in the Post-op Period

The first problem is recognizing the seizure. Some movements 
that are not electrographic seizures may be misinterpreted as 



1128 H.A. Crystal et al.

seizures. Conversely, some nonconvulsive seizure activity if 
often missed.

Myoclonus is defined as “brief, shock-like, large ampli-
tude, irregular movement of a muscle or of muscle groups” 
[40] and may occur with renal or hepatic failure as well as 
in many different neurological disorders. However, a com-
mon setting for myoclonus in a geriatric surgical population 
is a patient who has suffered an episode of generalized cere-
bral ischemia leading to coma. Multifocal or generalized 
myoclonus starts 2–24 h after the arrest [41]. Neurological 
exam reveals a comatose patient with limited, if any, 
response to pain, yet stimuli including tracheal suctioning, 
positioning limbs, and loud noises may elicit the myoclo-
nus. Pupils are usually spared and eye movements may or 
may not be impaired. The EEG may show little, if any, elec-
trical activity and usually shows no seizure activity. Despite 
this, when the myoclonus is nearly continuous it is some-
times called myoclonic status epilepticus. The disorder 
responds poorly to anticonvulsants and has a very poor 
prognosis.

Conversely, seizures with minimal convulsive or no 
convulsive features will usually not be suspected by non-
neurologists. Clues to nonconvulsive seizures include con-
fusion, personality change, psychosis, coma, abnormal 
waxing and waning mental status and possibly unidirec-
tional nystagmus [39].

Etiologies to consider for new onset seizures include a 
new infarct, metabolic disturbances such as hypo or hyper-
glycemia, hyponatremia, hypocalcemia, hypomagnesemia, 
withdrawal from alcohol, and withdrawal from AEDs. 
Occasionally, history that the patient was maintained on 
AEDs is unavailable. Seizures occurring in patients 
acutely withdrawn from AEDs may be difficult to stop 
until the missing AED is restarted. Frequently, workup 
will reveal an unsuspected old infarct. Cortically based 
infarcts are more likely to cause seizures than strokes in 
other sites.

The general rule in neurology that long-term AED should 
not be started after a single solitary seizure is less clear 
among geriatric patients. Patients under 40 who have a single 
seizure of unknown etiology have only a 40–50% risk of 
having another seizure even if AEDs are never started. In 
contrast, patients over 70, have about a 70% of having 
another seizure [39, 42, 43].

In any patient, if a clear-cut reversible, metabolic etiology 
can be identified, appropriate treatment is correcting the 
abnormality, not starting AEDs. However, if it appears likely 
that it will take several days to correct the metabolic abnor-
mality, many experts would use intravenous AED at least 
until the metabolic abnormality is corrected, and might taper 
the patient off oral forms of the AED several weeks after 
surgery.

Patients with Known Epilepsy Who Have 
Seizures in the Post-op Period

Management of these patients requires a blending of the 
approaches #1 and #3.

Cognitive Impairment

Three questions about a patient’s cognitive function are of 
special importance to surgeons operating on the elderly: (1) 
What is the prevalence, clinical course, and prognosis for 
postoperative cognitive impairment (POCD)? (2) Does sur-
gery in older patients increase their risk for Alzheimer’s dis-
ease? (3) Special pre-surgical concerns in patients with 
documented cognitive impairment or dementia.

Postoperative Cognitive Dysfunction

Postoperative cognitive dysfunction (POCD) is extremely 
common in the elderly with estimates of its prevalence rang-
ing from 10 to 80%. [44–51] Typically, studies distinguish 
between POCD documented a few days after surgery (typi-
cally 5–7 days or around the time of discharge), and POCD 
present at 3 and 6 months after surgery. The prevalence of 
POCD at time of discharge or around 7 days post-op ranges 
from 10 to 80%, with estimates at 3–6 months ranging from 
10 to 24% [52, 53]. One study found 80% of post-coronary 
artery bypass grafting (CABG) patients had abnormal sig-
nals on diffusion-weighted MRI sensitive to acute ischemia 
that were not present prior to surgery [54].

Choice of neuropsychological battery and how change 
is defined also have big effects on prevalence estimates 
[55–58]. Many studies used battery of neuropsychological 
tests covering multiple domains including verbal and non-
verbal memory, attention, visuoconstruction, executive 
function, language, and motor speed [57]. Some data sug-
gest that memory is most likely to be affected [59].

Age, baseline cognitive function, whether surgery was 
elective or emergency, whether patients are in early stages of 
Alzheimer’s disease or other dementias, co-morbid illness, 
nature and duration of surgery, choice of anesthesia, and 
postoperative complications all influence the prevalence of 
POCD. Finally, cognitive impairment is so prevalent in older 
subjects – estimates of the prevalence of AD among those in 
their early 80s range from 10 to 40% [60–63] – that studies 
lacking appropriate control groups needed to be interpreted 
with caution.
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A few investigators have continued to follow patients and 
reassessed them at 1–5 years postsurgery. Newman [53] fol-
lowed 261 patients who had CABGs. POCD was defined by 
change from presurgical function of greater than 1 standard 
deviation in at least one cognitive domain. Prevalence of 
cognitive dysfunction was 53% at discharge, 36% at 6 weeks, 
24% at 6 months, and 42% at 5 years. Because most studies 
end follow-up at 6 months, this delayed deterioration could 
have been missed. Unfortunately, a control group was not 
included so it could not be determined whether a similar 
course would have occurred in comparably ill elderly patients 
who did not have surgery.

POCD in the first few weeks after surgery influences dis-
charge planning and suitability for rehabilitation [64]. 
Patients with POCD may require longer time in rehab [65]. 
Patients with POCD at 1 week are more likely to require help 
with living independently. Patients with POCD 1 week after 
surgery are about three times more likely to be cognitively 
impaired 1 or 2 years after surgery than patients with normal 
cognition in the immediate postsurgical period.

Patients and families need be advised that in most patients 
cognitive function will substantially improve in the weeks 
following surgery. No data are available whether cognitive 
rehabilitation is useful in such patients. Often neuroleptics, 
anti-anxiety medications, antidepressants, or hypnotics are 
prescribed to try to treat some of the behavioral problems 
associated with POCD. All of these medications are them-
selves associated with cognitive impairment and need be 
used especially judiciously.

Several studies have investigated whether POCD is more 
common after general anesthesia or after regional anesthesia. 
In a meta-analysis comparing 1,314 patients with regional 
anesthesia and 1,395 patients with general anesthesia from 18 
unique randomized control trials, Bryson et al. [66] found no 
difference in frequency of POCD which was around 15–25%.

The etiology of POCD is likely to be multifactorial. 
Inflammatory processes outside of the CNS may be associ-
ated with inflammatory markers within the CNS. For exam-
ple, hip surgery was associated with increase in CSF interleukin 
6 and prostaglandin E

2
 [67]. Interleukin-8 and RANTES were 

elevated post-op in CSF from patients with various kinds of 
non-brain surgeries [68]. Nonetheless, even if “neuroinflam-
mation” has a role in pathogenesis, it remains unclear why it 
would affect older but not younger patients. Possible explana-
tions include lack of cognitive reserve and a leakier blood–
brain barrier in older patients. Growth factors required for 
repair may be less efficient in older patients. Embolization, 
particularly if the heart or carotid arteries were manipulated 
may be a factor. Global ischemia from decreased perfusion or 
other causes may also have contributed. Alzheimer’s disease 
contributes to some POCD. The relationship between surgery/
GA and Alzheimer’s disease (AD) is discussed below.

What Is the Risk That Surgery in Elderly 
Patients “Will Trigger” AD?

Every physician seeing substantial numbers of patients 
with dementia has encountered the above scenario. 
Certainly, the data on POCD discussed above would sug-
gest that some patients have sustained cognitive impairment 
after surgery, but unless the POCD develops a gradually 
progressive course, there would be no reason to believe 
there was a relationship between GA/surgery and AD. The 
findings of Newman et al. [53] are especially provocative 
because they document such progressive deterioration 
5  years after surgery. Nonetheless, the patients in the 
Newman study had cognitive impairment and did not meet 
criteria for the diagnosis of AD. Several more years of fol-
low-up would have answered the question of whether they 
were developing AD.

For years, many dementia specialists maintained with lit-
tle data that the surgery was only a convenient point in time 
and that most likely the patient had symptoms of AD for 
years prior to surgery that went unnoticed by her family. 
Epidemiological studies have looked at this association with 
largely negative results. Data from studies with animal mod-
els and tissue culture systems have suggested plausible ways 
that anesthetics might increase the likelihood of AD – 
although it has to be emphasized that clinical data supporting 
such an association are equivocal at best.

Epidemiological Studies

In 1991, Breteler et  al. [69] performed a meta-analysis of 
eight case–control studies and found no risk of AD from GA 
(relative risk = 1.0). In another case–control study involving 
252 AD cases and matched controls, Bohnen et al. [70, 71] 
found positive odds ratios for GA that increased with the 
duration of anesthetic exposure. However, the confidence 

Vignette – Mrs. J is a 73-year-old woman with hyper-
tension. Her daughter said that she handled her finances 
and travelled independently prior to an elective chole-
cystectomy. At 1 year after surgery, the patient and her 
daughter are both concerned about impairment in her 
recent memory. By 18 months after surgery, she has 
made mistakes paying bills and gotten lost several 
times. After reviewing her history, performing a cogni-
tive assessment and neurological exam, and obtaining 
brain imaging, a dementia specialist diagnoses mild 
Alzheimer’s disease.
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intervals were wide and findings were not statistically  
significant. In a separate analysis, the authors found a signifi-
cant association between anesthesia exposure before age 50 
and earlier onset of AD.

In a study of 502 subjects with vascular dementia and 810 
subjects with AD from the California AD centers, Cooper 
et al. [72] found that GA was overrepresented in the vascular 
dementia group, a finding confirmed in a larger sample from 
the same dataset by Corey-Bloom et al. [73]. Both studies 
lacked a control group to determine whether GA was more 
frequent in AD than in controls.

Gasparini et al. [74] reviewed hospital records to deter-
mine whether GA and surgery up to 5  years earlier were 
overrepresented in AD. Control groups were patients with 
Parkinson’s disease and patients with nondegenerative neu-
rological diseases – usually peripheral neuropathy or head-
aches. No association between GA/surgery and AD was 
found, but the study could not address risks from exposures 
than occurred more than 5 years earlier.

In a cohort of over 4,000 cognitively normal 65–90-year-
olds, Yip et al. [75] studied factors associated with incident 
dementia at 2 and 6 years after original evaluation. GA was 
associated with a decrease in risk of dementia (OR 0.6, CI: 
0.4–0.9). GA has been associated with both increasing and 
decreasing apoptosis of brain neurons [76, 77]. If GA actu-
ally decreases risk of AD, decreased apoptosis would be one 
potential mechanism.

In a cohort study involving 9,000 patients, Lee et al. found 
that the risk of developing AD within 5 years after CABG 
was 1.7 times higher (CI: 1.02–2.87, p < 0.04) than after 
angioplasty [78]. However, using a case–control design that 
compared the frequency of prior CABG between a group 
with dementia and cognitively normal control group, 
Knopman et  al. [79] found no association between CABG 
and dementia. Among patients who already have AD, CABG 
may be associated with a slower rate of progression [80].

Animal Studies and Tissue Culture Studies

Transient ischemia increased expression of beta (b)-site APP 
cleaving enzyme in rats [81]. As this enzyme leads to increased 
ABeta (b) production, and increased brain amyloid is believed 
by many to be an early step in the pathogenesis of AD, the 
work provides another theoretical explanation of why hypoxia 
associated with surgery/anesthesia could lead to AD.

Bianchi et al. [82] exposed adult transgenic and wild-type 
mice to either isoflurane or halothane. The transgenic mice 
exposed to halothane had more brain amyloid than those 
exposed to isoflurane, but neither agent was associated with 
cognitive impairment in the transgenic mice. On the other 
hand, isoflurane did cause cognitive impairment in the wild-
type mice that was not associated with amyloid deposition. 

This study reemphasizes that cognitive impairment associated 
with anesthetic exposure, need not be due to AD pathology 
but may occur by an entirely different mechanism.

Tau protein is a microtubule protein needed to stabilize 
tubulin networks in the axons of neurons. Abnormally 
increased phosphorylation of tau protein is a consistent 
finding in AD. Planel et al. [83, 85] exposed wild-type mice 
to intraperitoneal pentobarbital or chloral hydrate or isoflu-
rane by inhalation. All three agents were associated with 
hypothermia and hyperphosphorylation of tau mediated by 
decreased phosphatase activity. They concluded that the 
hypothermia, not the agents themselves, led to the increase 
in phosphorylation, which reverted to normal levels with 
normothermia. Ikeda et al. [85] found that hyperphosphory-
lation of brain tau could be induced by ether anesthesia or 
cold water shock.

Palotas et  al. [86] administered intraperitoneal propofol 
or thiopental to rats and then measured levels of amyloid 
precursor protein (APP) and APP RNA in rat brain. They 
found these agents caused no changes in APP. In a similar 
studies, neither midazolam nor propofol was associated with 
increase in APP [87].

Eckenhoff et  al. [88] studied whether anesthetics might 
increase oligomerization of Ab in a rat pheochromocytoma 
tissue culture system. Halothane and isoflurane, but not alco-
hol or propofol (except at very high concentrations) were 
associated with increased oligomerization. This finding is 
important because many investigators believe that oligomers 
are the most toxic form of Ab.

Xie et al. [76, 89, 90] exposed human neuroglioma cells 
that had been genetically engineered to overexpress amy-
loid to desflurane and hypoxia. Neither desflurane or 
hypoxia alone were associated with change in amyloid-beta 
(b)-protein (Ab) levels, but the combination was. This com-
bination also was associated with increased caspase-3 acti-
vation, which can lead to apoptosis and further production 
of Ab.

Special Pre-surgical Concerns in Patients  
with Documented Cognitive Impairment  
or Dementia

All of this research inevitably leads to the question of which 
anesthetics to use for elderly patients and especially patients 
with Alzheimer’s disease. An expert NIH panel was convened 
in [91] 2007 to address this and other issues concerning 
possible neurotoxicity of anesthetics. The panel concluded that 
there were not enough data to make any recommendations.

Other issues pertain to patients with dementia who are 
maintained on acetylcholinesterase inhibitors such as done-
pezil, galantamine, or rivastigmine. There are no data to 
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suggest these agents are associated with sufficient excess 
airway secretions to interfere with surgery nor are there data 
to suggest these agents interfere significantly with the use of 
succinylcholine [92, 93]. Most anesthesiologists believe that 
acetylcholinesterase inhibitors do not need to be discontin-
ued prior to elective surgery.

References

	 1.	Howard RS, Tan SV, Z’Graggen WJ (2008) Weakness on the inten-
sive care unit. Pract Neurol 8:280–295

	 2.	Hund E (2001) Critical illness polyneuropathy. Curr Opin Neurol 
14:649–653

	 3.	Bolton CF (2005) Neuromuscular manifestations of critical illness. 
Muscle Nerve 32:140–163

	 4.	Visser LH (2006) Critical illness polyneuropathy and myopathy: clin-
ical features, risk factors and prognosis. Eur J Neurol 13:1203–1212

	 5.	Bolton CF, Young GB, Zochodne DW (1993) The neurological 
complications of sepsis. Ann Neurol 33:94–100

	 6.	Kumar N, Folger WN, Bolton CF (2004) Dyspnea as the predomi-
nant manifestation of bilateral phrenic neuropathy. Mayo Clin Proc 
79:1563–1565

	 7.	Tennila A, Salmi T, Pettila V, Roine RO, Varpula T, Takkunen O 
(2000) Early signs of critical illness polyneuropathy in ICU patients 
with systemic inflammatory response syndrome or sepsis. Intensive 
Care Med 26:1360–1363

	 8.	Albers JW, Donofrio PD, McGonagle TK (1985) Sequential elec-
trodiagnostic abnormalities in acute inflammatory demyelinating 
polyradiculoneuropathy. Muscle Nerve 8:528–539

	 9.	Alam TA, Chaudhry V, Cornblath DR (1998) Electrophysiological 
studies in the Guillain–Barre syndrome: distinguishing subtypes by 
published criteria. Muscle Nerve 21:1275–1279

	10.	Latronico N, Guarneri B (2008) Critical illness myopathy and neu-
ropathy. Minerva Anestesiol 74:319–323

	11.	Guarneri B, Bertolini G, Latronico N (2008) Long-term outcome in 
patients with critical illness myopathy or neuropathy: the Italian 
multicentre CRIMYNE study. J Neurol Neurosurg Psychiatry 
79:838–841

	12.	Latronico N, Bertolini G, Guarneri B et al (2007) Simplified electro-
physiological evaluation of peripheral nerves in critically ill patients: 
the Italian multi-centre CRIMYNE study. Crit Care 11:R11

	13.	Latronico N, Peli E, Botteri M (2005) Critical illness myopathy and 
neuropathy. Curr Opin Crit Care 11:126–132

	14.	Latronico N (2003) Neuromuscular alterations in the critically ill 
patient: critical illness myopathy, critical illness neuropathy, or 
both? Intensive Care Med 29:1411–1413

	15.	Showalter CJ, Engel AG (1997) Acute quadriplegic myopathy: 
analysis of myosin isoforms and evidence for calpain-mediated pro-
teolysis. Muscle Nerve 20:316–322

	16.	Zochodne DW, Ramsay DA, Saly V, Shelley S, Moffatt S (1994) 
Acute necrotizing myopathy of intensive care: electrophysiological 
studies. Muscle Nerve 17:285–292

	17.	Rich MM, Pinter MJ, Kraner SD, Barchi RL (1998) Loss of electri-
cal excitability in an animal model of acute quadriplegic myopathy. 
Ann Neurol 43:171–179

	18.	Bird SJ, Rich MM (2002) Critical illness myopathy and polyneu-
ropathy. Curr Neurol Neurosci Rep 2:527–533

	19.	Bolton CF, Laverty DA, Brown JD, Witt NJ, Hahn AF, Sibbald WJ 
(1986) Critically ill polyneuropathy: electrophysiological studies 
and differentiation from Guillain-Barre syndrome. J Neurol 
Neurosurg Psychiatry 49:563–573

	20.	Selim M (2007) Perioperative stroke. N Engl J Med 356:706–713
	21.	Naylor AR, Mehta Z, Rothwell PM, Bell PR (2002) Carotid artery 

disease and stroke during coronary artery bypass: a critical review 
of the literature. Eur J Vasc Endovasc Surg 23:283–294

	22.	Charlesworth DC, Likosky DS, Marrin CA et al (2003) Development 
and validation of a prediction model for strokes after coronary 
artery bypass grafting. Ann Thorac Surg 76:436–443

	23.	Likosky DS, Leavitt BJ, Marrin CA et al (2003) Intra- and postop-
erative predictors of stroke after coronary artery bypass grafting. 
Ann Thorac Surg 76:428–434, discussion 435

	24.	Likosky DS, Marrin CA, Caplan LR et al (2003) Determination of 
etiologic mechanisms of strokes secondary to coronary artery 
bypass graft surgery. Stroke 34:2830–2834

	25.	Gottesman RF, Wityk RJ (2006) Brain injury from cardiac bypass 
procedures. Semin Neurol 26:432–439

	26.	Belden JR, Caplan LR, Pessin MS, Kwan E (1999) Mechanisms 
and clinical features of posterior border-zone infarcts. Neurology 
53:1312–1318

	27.	Parizel PM, Demey HE, Veeckmans G et al (2001) Early diagnosis 
of cerebral fat embolism syndrome by diffusion-weighted MRI 
(starfield pattern). Stroke 32:2942–2944

	28.	Merritt JC, Bhatt DL (2004) The efficacy and safety of periopera-
tive antiplatelet therapy. J Thromb Thrombolysis 17:21–27

	29.	Kitchen L, Erichson RB, Sideropoulos H (1982) Effect of drug-
induced platelet dysfunction on surgical bleeding. Am J Surg 
143:215–217

	30.	Michelson EL, Morganroth J, Torosian M, Mac Vaugh HIII (1978) 
Relation of preoperative use of aspirin to increased mediastinal 
blood loss after coronary artery bypass graft surgery. J Thorac 
Cardiovasc Surg 76:694–697

	31.	Ferraris VA, Swanson E (1983) Aspirin usage and perioperative 
blood loss in patients undergoing unexpected operations. Surg 
Gynecol Obstet 156:439–442

	32.	Management of Warfarin Therapy During Invasive Procedures and 
Surgery (2004) http://www.bcguidelines.ca/gpac/pdf/warfarin_man-
age.pdf

	33.	Timaran CH, Rosero EB, Smith ST, Valentine RJ, Modrall JG, 
Clagett GP (2008) Trends and outcomes of concurrent carotid 
revascularization and coronary bypass. J Vasc Surg 48:355–360, 
discussion 360–361

	34.	Van der Heyden J, Lans HW, van Werkum JW, Schepens M, 
Ackerstaff RG, Suttorp MJ (2008) Will carotid angioplasty become 
the preferred alternative to staged or synchronous carotid endart-
erectomy in patients undergoing cardiac surgery? Eur J Vasc 
Endovasc Surg 36:379–384

	35.	Das P, Clavijo LC, Nanjundappa A, Dieter RS Jr (2008) 
Revascularization of carotid stenosis before cardiac surgery. Expert 
Rev Cardiovasc Ther 6:1393–1396

	36.	Bose A, Henkes H, Alfke K et al (2008) The Penumbra System: a 
mechanical device for the treatment of acute stroke due to throm-
boembolism. AJNR Am J Neuroradiol 29:1409–1413

	37.	Smith WS, Sung G, Saver J et al (2008) Mechanical thrombectomy 
for acute ischemic stroke: final results of the Multi MERCI trial. 
Stroke 39:1205–1212

	38.	Furlan A, Higashida R, Wechsler L et  al (1999) Intra-arterial 
prourokinase for acute ischemic stroke. The PROACT II study: a 
randomized controlled trial. Prolyse in Acute Cerebral 
Thromboembolism. JAMA 282:2003–2011

	39.	Jetter GM, Cavazos JE (2008) Epilepsy in the elderly. Semin Neurol 
28:336–341

	40.	Ropper AH, Brown RH (2005) Tremor, myoclonus, focal dysto-
nias, and tics. In: Adams RD, Victor M, Ropper AH (eds) Principles 
of neurology. McGraw Hill, New York, p 86

	41.	Venkatesan A, Frucht S (2006) Movement disorders after 
resuscitation from cardiac arrest. Neurol Clin 24:123–132



1132 H.A. Crystal et al.

	42.	Stephen LJ, Brodie MJ (2008) Management of a first seizure. 
Special problems: adults and elderly. Epilepsia 49(Suppl 1):45–49

	43.	Berg AT (2008) Risk of recurrence after a first unprovoked seizure. 
Epilepsia 49(Suppl 1):13–18

	44.	Abildstrom H, Christiansen M, Siersma VD, Rasmussen LS (2004) 
Apolipoprotein E genotype and cognitive dysfunction after noncar-
diac surgery. Anesthesiology 101:855–861

	45.	Abildstrom H, Hogh P, Sperling B, Moller JT, Yndgaard S, 
Rasmussen LS (2002) Cerebral blood flow and cognitive dysfunc-
tion after coronary surgery. Ann Thorac Surg 73:1174–1178, dis-
cussion 1178–1179

	46.	Abildstrom H, Rasmussen LS, Rentowl P et  al (2000) Cognitive 
dysfunction 1-2 years after non-cardiac surgery in the elderly. 
ISPOCD group. International Study of Post-Operative Cognitive 
Dysfunction. Acta Anaesthesiol Scand 44:1246–1251

	47.	Selnes OA, McKhann GM (2005) Neurocognitive complications 
after coronary artery bypass surgery. Ann Neurol 57:615–621

	48.	Selnes OA, Goldsborough MA, Borowicz LM Jr, Enger C, Quaskey 
SA, McKhann GM (1999) Determinants of cognitive change after 
coronary artery bypass surgery: a multifactorial problem. Ann 
Thorac Surg 67:1669–1676

	49.	Selnes OA, Grega MA, Borowicz LM Jr, Royall RM, McKhann 
GM, Baumgartner WA (2003) Cognitive changes with coronary 
artery disease: a prospective study of coronary artery bypass graft 
patients and nonsurgical controls. Ann Thorac Surg 75:1377–1384, 
discussion 1384–1386

	50.	Gottesman RF, Hillis AE, Grega MA et al (2007) Early postopera-
tive cognitive dysfunction and blood pressure during coronary 
artery bypass graft operation. Arch Neurol 64:1111–1114

	51.	McKhann GM, Grega MA, Borowicz LM Jr et al (2005) Is there 
cognitive decline 1 year after CABG? Comparison with surgical 
and nonsurgical controls. Neurology 65:991–999

	52.	Newman S, Stygall J, Hirani S, Shaefi S, Maze M (2007) 
Postoperative cognitive dysfunction after noncardiac surgery: a sys-
tematic review. Anesthesiology 106:572–590

	53.	Newman MF, Grocott HP, Mathew JP et  al (2001) Report of the 
substudy assessing the impact of neurocognitive function on quality 
of life 5 years after cardiac surgery. Stroke 32:2874–2881

	54.	Russell D, Bornstein N (2005) Methods of detecting potential 
causes of vascular cognitive impairment after coronary artery 
bypass grafting. J Neurol Sci 229–230:69–73

	55.	Lewis MS, Maruff P, Silbert BS, Evered LA, Scott DA (2006) 
Detection of postoperative cognitive decline after coronary artery 
bypass graft surgery is affected by the number of neuropsychologi-
cal tests in the assessment battery. Ann Thorac Surg 81:2097–2104

	56.	Lewis MS, Maruff P, Silbert BS, Evered LA, Scott DA (2006) The 
sensitivity and specificity of three common statistical rules for the 
classification of post-operative cognitive dysfunction following coro-
nary artery bypass graft surgery. Acta Anaesthesiol Scand 50:50–57

	57.	Lewis MS, Maruff PT, Silbert BS (2005) Examination of the use of 
cognitive domains in postoperative cognitive dysfunction after cor-
onary artery bypass graft surgery. Ann Thorac Surg 80:910–916

	58.	Lewis M, Maruff P, Silbert B (2004) Statistical and conceptual 
issues in defining post-operative cognitive dysfunction. Neurosci 
Biobehav Rev 28:433–440

	59.	Caza N, Taha R, Qi Y, Blaise G (2008) The effects of surgery and 
anesthesia on memory and cognition. Prog Brain Res 169:409–422

	60.	Kawas CH (2008) The oldest old and the 90+ study. Alzheimers 
Dement 4:S56–S59

	61.	Kawas CH, Corrada MM (2006) Alzheimer’s and dementia in the 
oldest-old: a century of challenges. Curr Alzheimer Res 3:411–419

	62.	Kawas C, Gray S, Brookmeyer R, Fozard J, Zonderman A (2000) 
Age-specific incidence rates of Alzheimer’s disease: the Baltimore 
Longitudinal Study of Aging. Neurology 54:2072–2077

	63.	Corrada M, Brookmeyer R, Kawas C (1995) Sources of variability 
in prevalence rates of Alzheimer’s disease. Int J Epidemiol 24: 
1000–1005

	64.	Hakkinen A, Heinonen M, Kautiainen H, Huusko T, Sulkava R, 
Karppi P (2007) Effect of cognitive impairment on basic activities 
of daily living in hip fracture patients: a 1-year follow-up. Aging 
Clin Exp Res 19:139–144

	65.	Moncada LV, Andersen RE, Franckowiak SC, Christmas C (2006) 
The impact of cognitive impairment on short-term outcomes of hip 
fracture patients. Arch Gerontol Geriatr 43:45–52

	66.	Bryson GL, Wyand A (2006) Evidence-based clinical update: gen-
eral anesthesia and the risk of delirium and postoperative cognitive 
dysfunction. Can J Anaesth 53:669–677

	67.	Anonymous (2008) Taking the lead in research in postoperative 
cognitive dysfunction. Anesthesiology 108:1–2

	68.	Reis HJ, Teixeira AL, Kalman J et al (2007) Different inflammatory 
biomarker patterns in the cerebro-spinal fluid following heart surgery 
and major non-cardiac operations. Curr Drug Metab 8:639–642

	69.	Breteler MM, van Duijn CM, Chandra V et al (1991) Medical his-
tory and the risk of Alzheimer’s disease: a collaborative re-analysis 
of case-control studies. EURODEM Risk Factors Research Group. 
Int J Epidemiol 20(Suppl 2):S36–S42

	70.	Bohnen N, Warner MA, Kokmen E, Kurland LT (1994) Early and 
midlife exposure to anesthesia and age of onset of Alzheimer’s dis-
ease. Int J Neurosci 77:181–185

	71.	Bohnen NI, Warner MA, Kokmen E, Beard CM, Kurland LT (1994) 
Alzheimer’s disease and cumulative exposure to anesthesia: a case-
control study. J Am Geriatr Soc 42:198–201

	72.	Cooper JK, Mungas D (1993) Risk factor and behavioral differ-
ences between vascular and Alzheimer’s dementias: the pathway to 
end-stage disease. J Geriatr Psychiatry Neurol 6:29–33

	73.	Corey-Bloom J, Galasko D, Hofstetter CR, Jackson JE, Thal LJ 
(1993) Clinical features distinguishing large cohorts with possible 
AD, probable AD, and mixed dementia. J Am Geriatr Soc 
41:31–37

	74.	Gasparini M, Vanacore N, Schiaffini C et al (2002) A case-control 
study on Alzheimer’s disease and exposure to anesthesia. Neurol 
Sci 23:11–14

	75.	Yip AG, Brayne C, Matthews FE (2006) Risk factors for incident 
dementia in England and Wales: the Medical Research Council 
Cognitive Function and Ageing Study. A population-based nested 
case-control study. Age Ageing 35:154–160

	76.	Xie Z, Moir RD, Romano DM, Tesco G, Kovacs DM, Tanzi RE 
(2004) Hypocapnia induces caspase-3 activation and increases 
Abeta production. Neurodegener Dis 1:29–37

	77.	Perouansky M (2008) General anesthetics and long-term neurotox-
icity. Handb Exp Pharmacol 182:143–157

	78.	Lee TA, Wolozin B, Weiss KB, Bednar MM (2005) Assessment of 
the emergence of Alzheimer’s disease following coronary artery 
bypass graft surgery or percutaneous transluminal coronary 
angioplasty. J Alzheimers Dis 7:319–324

	79.	Knopman DS, Petersen RC, Cha RH, Edland SD, Rocca WA (2005) 
Coronary artery bypass grafting is not a risk factor for dementia or 
Alzheimer disease. Neurology 65:986–990

	80.	Mielke MM, Rosenberg PB, Tschanz J et al (2007) Vascular factors 
predict rate of progression in Alzheimer disease. Neurology 
69:1850–1858

	81.	Aarsaether E, Moe OK, Dahl PE, Busund R (2005) Carotid endart-
erectomy in patients with coronary heart disease. Tidsskr Nor 
Laegeforen 125:2946–2948

	82.	Bianchi SL, Tran T, Liu C et al (2008) Brain and behavior changes 
in 12-month-old Tg2576 and nontransgenic mice exposed to anes-
thetics. Neurobiol Aging 29:1002–1010

	83.	Planel E, Richter KE, Nolan CE et al (2007) Anesthesia leads to tau 
hyperphosphorylation through inhibition of phosphatase activity by 
hypothermia. J Neurosci 27:3090–3097

	84.	Planel E, Krishnamurthy P, Miyasaka T et  al (2008) Anesthesia-
induced hyperphosphorylation detaches 3-repeat tau from microtu-
bules without affecting their stability in  vivo. J Neurosci 28: 
12798–12807



113385  Effects of Aging on the Nervous System

	85.	Ikeda Y, Ishiguro K, Fujita SC (2007) Ether stress-induced 
Alzheimer-like tau phosphorylation in the normal mouse brain. 
FEBS Lett 581:891–897

	86.	Palotas M, Palotas A, Bjelik A et al (2005) Effect of general anes-
thetics on amyloid precursor protein and mRNA levels in the rat 
brain. Neurochem Res 30:1021–1026

	87.	Kalman J, Palotas M, Pakaski M, Hugyecz M, Janka Z, Palotas A 
(2006) Unchanged rat brain amyloid precursor protein levels after 
exposure to benzodiazepines in  vivo. Eur J Anaesthesiol 23: 
772–775

	88.	Eckenhoff RG, Johansson JS, Wei H et al (2004) Inhaled anesthetic 
enhancement of amyloid-beta oligomerization and cytotoxicity. 
Anesthesiology 101:703–709

	89.	Xie Z, Dong Y, Maeda U et al (2006) Isoflurane-induced apoptosis: 
a potential pathogenic link between delirium and dementia. J Gerontol 
A Biol Sci Med Sci 61:1300–1306

	90.	Xie Z, Tanzi RE (2006) Alzheimer’s disease and post-operative 
cognitive dysfunction. Exp Gerontol 41:346–359

	91.	Kuehn BM (2007) Anesthesia-Alzheimer disease link probed. 
JAMA 297:1760

	92.	Ibebunjo C, Donati F, Fox GS, Eshelby D, Tchervenkov JI (1997) 
The effects of chronic tacrine therapy on d-tubocurarine blockade in 
the soleus and tibialis muscles of the rat. Anesth Analg 85:431–436

	93.	Ibebunjo C, Eshelby D, Donati F, Fox GS, Tchervenkov JI (1997) 
Tacrine does not alter the potency of succinylcholine in the rat. Can 
J Anaesth 44:1021–1026





1135R.A. Rosenthal et al. (eds.), Principles and Practice of Geriatric Surgery, 
DOI 10.1007/978-1-4419-6999-6_86, © Springer Science+Business Media, LLC 2011

Introduction

Neurologic illnesses are a leading cause of death and 
disability in the elderly population. Many of these diseases 
require surgical evaluation. The US Census Bureau esti-
mates that by 2030, 52 million Americans will be over 
70 years of age [1]. The presentation, management, and out-
comes of neurosurgical emergencies can be quite different 
in the geriatric population. It is imperative that practitioners 
are aware of the unique challenges that exist when caring for 
geriatric patients with neurosurgical emergencies.

Traumatic Brain Injury

Recent studies report that approximately 1.1 million new 
cases of traumatic brain injury (TBI) are diagnosed and 
treated in US hospitals each year, approximately 450 cases 
per 100,000 people. Subgroup analyses demonstrate that the 
elderly have a significantly higher rate of TBI. In persons 
over 85 years of age, there were approximately 1,000 cases 
per 100,000 people [2, 3]. The majority of these injuries are 
caused by falls [4]. Multiple studies have demonstrated that 
despite similar injury severity, older patients have worse 
outcomes than younger patients [5, 6]. Morbidity and mor-
tality from TBI start to increase in the fifth decade of life, 
but rise sharply after age 70 [7]. It is postulated that elderly 
patients have worse outcomes due to diminished cardiovas-
cular reserve and fundamental differences in the aging cen-
tral nervous system (CNS) and its response to injury [6, 7]. 
Because of this disparity, the literature suggests that age >70 
years should be a criterion for full trauma team activation 

and that those patients should also be considered for transfer 
to a certified trauma center, regardless of the severity of the 
actual event [8, 9].

Extra-Axial Hematomas

Extra-axial hematomas are defined as hemorrhages within 
the intracranial space, but outside of the brain parenchyma. 
They occur almost exclusively in the setting of trauma and 
can be either acute or chronic in nature. Extra-axial hemato-
mas that form under the dura mater are termed subdural 
hematomas (SDH), while those that form above the dura 
mater are termed epidural hematomas (EDH).

SDH may be caused by a variety of conditions, but they 
most commonly occur as a result of trauma. In the elderly 
population, SDHs occur in 46% of TBIs, while in younger 
patients, they occur in only 28% of TBIs [7]. This is thought 
to be due to the increased adherence of the dura mater to the 
inner surface of the elderly skull, which in concert with gen-
eral cerebral atrophy, results in continuous stretching of the 
bridging veins that connect the cerebral cortex to the dural 
sinuses. With the added insult of a trauma, these stretched 
veins are easily injured, resulting in hemorrhage between the 
dura and brain, otherwise known as a SDH. The clinical 
manifestations of SDHs are the result of focal or diffuse 
pressure on the brain, or chemical irritation of the underlying 
cortex. Signs and symptoms include headache, nausea/vom-
iting, diplopia, altered mental status, pupillary dilatation, sei-
zures, dysphasia, and hemiparesis/hemiplegia. Acute SDHs 
can become rapidly symptomatic as blood accumulates in 
the subdural space and presses on the underlying brain. 
Chronic SDHs can accrue over time as the result of multiple 
episodes of bleeding from repeated small traumas. Often 
times, they are larger than acute SDHs, however, their signs 
and symptoms are usually milder because the chronology of 
their development allows the brain to accommodate the mass 
effect. On CT scan, all SDHs appear as crescent-shaped 
extra-axial collections, which may cross suture lines but do 
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not cross midline. Acute SDHs appear hyperdense to adja-
cent brain tissue on CT scan, while chronic SDHs are 
hypodense (Fig.  86.1a, b). Chronic SDHs may also have 
internal septations visible on the CT scan caused by the for-
mation of membranes. Imaging appearance and symptoms 
are used to determine the need for surgical evacuation. Any 
symptomatic acute or chronic SDH needs to be evacuated 
promptly. In addition, acute SDHs >10  mm in maximal 
thickness or with >5  mm of midline shift are typically 
removed, regardless of symptoms [10]. The need for surgical 
evacuation of large asymptomatic chronic SDHs is less clear. 
Operative intervention for an acute SDH usually requires a 
generous craniotomy, evacuation of the hematoma, and con-
trol of bleeding. Depending on the degree of underlying 
parenchymal injury and edema, expansion duroplasty and 
bone flap removal may be necessary to accommodate swell-
ing of the underlying brain and minimize dangerous increases 
in intracranial pressure (ICP). Operative intervention for a 
chronic SDH usually involves burr holes and removal of 
chronic liquefied hematoma via suction and irrigation, often 
followed by the placement of temporary postoperative sub-
dural drains. A special consideration in the elderly popula-
tion is the degree of underlying cerebral atrophy. Because the 
atrophic brain is often unable to expand and fill the subdural 
space even after the mass effect has been removed, bridging 
veins remain under tension and at risk for future traumatic 
injury, and recurrent chronic SDHs often form. Occasionally, 
craniotomies are performed for chronic SDHs if there is con-
cern for significant membrane formation and therefore inad-
equate drainage of the loculated subdural hematoma through 
one or two burr holes.

EDHs also occur as a result of trauma, but are much less 
common than SDHs, with an estimated incidence of 2.7–4.1% 
in TBI patients [10]. The increased adherence of the dura 

mater to the skull in the elderly serves to tamponade bleeding 
into the epidural space, thus EDHs are unusual in the geriatric 
population. When present, EDHs are often associated with 
skull fractures. Traditionally thought to be of primarily arte-
rial origin, recent studies have indicated that EDHs from 
venous injuries are quite common as well [10]. Clinically, 
patients with significant EDHs present with focal and diffuse 
brain pressure findings similar to those with SDHs. Signs and 
symptoms include headache, nausea/vomiting, diplopia, 
altered mental status, pupillary dilatation, seizures, dyspha-
sia, and hemiparesis/hemiplegia. Additionally, some patients 
present with the classic “lucid interval”, an asymptomatic 
time period immediately following trauma before the onset of 
symptoms, attributed to the expansion of the hematoma as it 
slowly dissects between the skull and adherent dura, gradu-
ally increasing pressure on the underlying brain. On CT scan, 
EDHs appear as hyperdense biconvex extra-axial collections, 
which do not cross suture lines (Fig. 86.2a, b). Surgical evac-
uation of the hematoma is indicated for symptomatic lesions. 
EDH evacuation usually requires a craniotomy, with or with-
out expansion duroplasty and bone flap removal, based on the 
extent of the underlying parenchymal injury and edema.

Intracerebral/Subarachnoid Hemorrhage

In addition to extra-axial hematomas, patients with traumatic 
brain injuries often have intra-axial hemorrhages, either within 
the parenchyma of the brain or in the subarachnoid space. The 
management of traumatic intracerebral hemorrhages is similar 
to that of nontraumatic intracerebral hemorrhages. These 
lesions appear as hyperdense intra-axial collections on CT, 
which can vary in diameter from under a millimeter to several 

Figure 86.1  Noncontrast axial 
head CTs demonstrate (a) acute 
subdural hematoma – a 
hyperdense crescent-shaped 
extra-axial collection and 
(b) chronic subdural hematoma – 
a hypodense crescent-shaped 
extra-axial collection. Both of 
these lesions are causing 
significant mass effect and 
resultant shift of midline brain 
structures.
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centimeters. Initial treatment should focus on blood pressure 
control, to prevent rebleeding, and management of ICPs. 
Frequent neurologic examinations should be performed to 
assess for acute decompensation and serial imaging studies 
should be performed to evaluate for rebleeding. In the event of 
elevated ICPs, medical management should be initiated, and 
in some cases, surgical decompression is required due to the 
degree of mass effect (Fig. 86.3) [10, 11].

Subarachnoid hemorrhages are also common sequelae of 
TBI. Although these hemorrhages seldom require surgical 
evacuation, they are often associated with seizures, altered 
mental status, and diffuse axonal injury, all of which can 
lead to significant morbidity and mortality. On CT, traumatic 
subarachnoid hemorrhages appear as layered, hyperdense 
lesions within the subarachnoid spaces, most commonly 
along the cortical surfaces. Patients with traumatic subarach-
noid hemorrhages should be given prophylactic anticonvul-
sant medications for 7 days posttrauma [12]. Care should 
be taken in the administration of these medications to the 
elderly population, as they often have significant side effects 
including hypotension, cardiac arrhythmias, and confusion. 
Additionally, for those patients with traumatic subarachnoid 
hemorrhage and poor neurologic exam in the absence of a 
focal compressive lesion, placement of an ICP monitor is 
often required to measure ICPs, which require further man-
agement if elevated (Fig. 86.3) [10, 11].

Fractures

The skull is a protective layer meant to absorb high-energy 
forces and to prevent direct intracranial parenchymal injury. 
In doing so, the skull is also placed at risk for fracture in the 
event of a significant trauma. Skull fractures can be loosely 
categorized into four groups: linear, depressed, skull base, 
and open, each of which has unique management strategies.

Figure 86.2  Noncontrast axial 
head CTs demonstrate (a) acute 
epidural hematoma – a 
hyperdense biconvex extra-axial 
collection and (b) in the same 
patient, a minimally displaced 
left frontal skull fracture adjacent 
to the epidural hematoma, the 
likely cause of the vascular 
injury producing the hematoma.

Figure 86.3  General schematic for the management of elevated intracra
nial pressures.
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Linear fractures are the most common type of skull 
fracture and are usually the result of low-energy trauma over 
a large surface area. These fractures are nondisplaced, seldom 
require surgical intervention and are treated with observation 
and expectant management [13].

Depressed skull fractures are usually the result of high-
energy trauma over a small surface area. Clinically, depressed 
skull fractures often manifest with seizures, due to an under-
lying cortical injury, or as an epidural hematoma, due to lac-
eration of a meningeal artery adherent to the skull. Those 
fractures that are depressed below the inner table of the adja-
cent normal bone typically require surgical elevation [13].

Skull base fractures occur in the context of severe trauma 
and can manifest with a variety of neurologic symptoms [13]. 
Often, skull base fractures are associated with additional 
intracranial injuries due to the magnitude of the causative 
trauma. Most significantly, skull base fractures can cause vas-
cular injuries, commonly to the internal carotid arteries, as 
well as cerebrospinal fluid (CSF) leaks [14–16]. Therefore, 
all patients with skull base fractures should undergo comput-
erized tomographic angiography (CTA) to rule out vascular 
injury [14, 15]. Additionally, they should be monitored closely 
for the evidence of CSF otorrhea or rhinorrhea. Management 
of vascular injuries should be deferred to an experienced neu-
rovascular team, which includes both neurosurgeons and neu-
rointerventionalists. Management of CSF leaks includes 
initial conservative treatment with bed rest and head of bed 
elevation to reduce the hydrostatic pressure gradient and CSF 
flow across the dural defect, allowing for the body to seal the 
breach. If the CSF leak persists despite these conservative 
measures, CSF diversion using a lumbar drain and/or surgical 
repair are needed to eliminate the leak to prevent bacterial 
ingress and subsequent meningitis [16].

Open skull fractures are defined as those lesions with an 
overlying skin laceration, such that there is a communication 
between the external environment and the intracranial space. 
These lesions are at particularly high risk for infection [17]. 
Open skull fractures often demonstrate significant pneumo-
cephalus on imaging due to the abnormal communication with 
the external environment. Open skull fractures may be classi-
fied as either clean or contaminated. All patients with open 
skull fractures should receive tetanus toxoid, and those with 
contaminated fractures should also receive prophylactic antibi-
otics [17]. In most cases, these injuries require operative explo-
ration for wound cleansing, debridement, and closure [13, 17].

Penetrating Trauma

Penetrating brain injury (PBI) refers primarily to gunshot 
wounds to the head, although all foreign bodies that invade the 
cranial vault may be included in this group. The management 

of PBI has undergone fundamental changes since initial 
descriptions in the early twentieth century, which were 
based primarily on military injuries. The current literature 
includes accounts of both civilian and military experiences. 
The former contains mostly reports of low-velocity injuries 
and self-inflicted wounds, while the later includes a higher 
percentage of high-velocity and shrapnel injuries [18]. 
Regardless of injury etiology, studies of both groups have 
derived similar conclusions, and current management rec-
ommendations are based on Class III evidence from both 
civilian and military case series [18].

The primary goals in the treatment of PBIs are infection 
prevention and ICP management. World War I trauma sur-
geons advocated extensive exploration and debridement of 
PBIs, with removal of all foreign bodies and bone fragments 
to decrease the risk of infections and seizures. Subsequent 
military and civilian studies have indicated that extensive 
exploration and debridement of PBIs is unnecessary and 
leads to higher rates of morbidity and mortality [18, 19]. 
Modern studies have demonstrated that the primary cause of 
PBI-related infections is a persistent CSF leak [18–20]. As 
such, during the initial management of a PBI, care should be 
taken to achieve good local debridement, followed by a 
watertight dural and scalp closure. Extensive brain debride-
ment should be avoided to prevent injury to normal tissues. 
Additionally, prophylactic anticonvulsant medications should 
be given to prevent seizures [18]. Surgical evacuation of 
large intracranial hematomas may be necessary to manage 
elevated ICPs, and earlier surgery is associated with better 
outcomes [18, 21]. Additionally, intraparenchymal or intra-
ventricular ICP monitors are often needed to follow the 
response to treatment.

Increasing age is associated with poorer outcomes in 
patients with PBIs [22]. However, given that PBIs are rela-
tively uncommon occurrences, and even more uncommon in 
the geriatric population, analyses of this association have 
been somewhat limited [22]. Of the studies which have 
examined the role of age in outcome from PBIs, two have 
demonstrated that increasing age is associated with higher 
mortality [21, 23]. It is likely that many of the same mecha-
nisms which contribute to poor outcomes in the elderly from 
general TBIs play a role in PBIs.

Nontraumatic Vascular Lesions

Neurovascular lesions constitute a broad spectrum of pathol-
ogies, yet common to each of these disease processes is pre-
cipitous neurologic decline from disruption of vital bloodflow 
to brain tissue. Population studies indicate that neurovascu-
lar diseases are more prevalent among the elderly [24]. 
Moreover, the geriatric population appears to fare worse from 
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neurovascular diseases than their younger counterparts [3]. 
This finding has significantly affected the treatment strate-
gies for the elderly.

Aneurysms

The accepted prevalence of intracranial aneurysms is 5% of 
the total population, although the prevalence in autopsy 
series has ranged from 0.2 to 7.9% [25–27]. It is postulated 
that most intracranial aneurysms develop as a result of com-
bined hypertension, atherosclerosis, cigarette smoking, and 
congenital predisposition [27]. Most commonly, these lesions 
develop in the intracranial anterior circulation arterial blood 
vessels – carotid, anterior cerebral, middle cerebral, anterior 
communicating, and posterior communicating arteries – 
although posterior circulation aneurysms of the vertebrobasi-
lar and posterior cerebral arteries account for approximately 
15% of all lesions [25]. Ruptured intracranial aneurysms are 
one of the most devastating and challenging neurosurgical 
emergencies.

The majority of ruptured intracranial aneurysms cause 
sudden-onset of worst headache of life, focal neurologic 
deficits, and symptoms of increased ICPs (nausea, vomiting, 
headache, and decreased level of consciousness). Brain 
imaging shows acute subarachnoid hemorrhage (SAH), 
although intraventricular and intraparenchymal hemorrhages 
are not uncommon (Fig. 86.4a, b) [25]. The initial manage-
ment of these patients focuses on the treatment of elevated 
ICPs and strict blood pressure control to prevent aneurysm 

rebleeding [28]. Additionally, the patient must be monitored 
closely for evidence of neurologic deterioration, which may 
be indicative of rebleeding, seizures, or hydrocephalus. 
Systolic blood pressures should be maintained <140 mmHg 
using short acting, titratable antihypertensive agents, such as 
labetalol, hydralazine, and nicardipine. However, hypoten-
sion must also be avoided as this may lower cerebral perfu-
sion pressure and cause cerebral ischemia. Care should be 
taken to avoid antihypertensive agents which raise ICPs, 
such as nitroprusside. If there is clinical evidence for elevated 
ICPs, these should be treated as previously described 
(Fig. 86.3) [10, 11].

The incidence of aneurysmal SAH is 6–8 per 100,000 
people in most western populations [25]. Approximately 
10–15% of patients with aneurysmal SAH incur fatal brain 
damage and die before reaching medical care [25]. In the 
early survivors, the initial aneurysm bleeding stops; however, 
they have a 15–20% risk of rebleeding in the first 2 weeks 
post-SAH [28, 29]. The 30-day case fatality rate is approxi-
mately 50% [30, 31]. Following acute stabilization, decisions 
must be made regarding aneurysm repair to prevent future 
bleeding. Several studies regarding the timing of open surgi-
cal treatment have been published; however, no definitive 
conclusions have been drawn [32–34]. Following aneurys-
mal SAH, patients may develop cerebral vasospasm, during 
which blood vessels constrict and reduce blood flow to the 
brain, causing reversible neurologic deficits, stroke, or death. 
The prevalence of cerebral vasospasm is greatest between 
days 4 and 10 post-SAH, and patients who undergo aneu-
rysm repair during this interval fare worse than those treated 
earlier or later [35]. The primary consideration in opting for 

Figure 86.4  (a) Noncontrast 
head CT demonstrates diffuse 
subarachnoid hemorrhage 
throughout the basal cisterns and 
bilateral Sylvian fissures, from a 
ruptured intracranial aneurysm 
and (b) contrast-enhanced 
cerebral CT angiogram reveals 
bilateral middle cerebral artery 
aneurysms (single arrows).
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early intervention within the first 96 h after aneurysm rupture 
is to repair the aneurysm and reduce the risk of rebleeding, 
an event that can cause stroke or death. Many patients are in 
poor medical and neurological condition after SAH, and may 
not be stable enough to tolerate aneurysm repair via open 
surgery or endovascular techniques. Later aneurysm treat-
ment may allow for the improvement of medical and neuro-
logical issues, but exposes the patient to a greater risk of 
rebleeding from the unsecured aneurysm. Currently, the 
trend is toward early intervention for all patients with aneu-
rysmal SAH, except for those in extremely poor neurological 
or medical condition.

Intracranial aneurysms may be treated with either open 
surgical or endovascular techniques [25]. Open surgical 
treatment involves craniotomy and placement of a small 
spring-loaded clip across the neck of the aneurysm, isolating 
the aneurysm from the parent blood vessel while maintaining 
vital blood flow to the brain. Endovascular treatment involves 
femoral artery catheterization and deposition of metal coils 
within the aneurysm, sealing it off from the parent blood ves-
sel. In a randomized trail comparing endovascular treatment 
with open surgery for patients with aneurysms deemed treat-
able with either technique, there were 278 patients age 65 or 
older [36, 37]. Overall neither of the treatments produced 
better functional outcomes; however, subgroup analyses 
based on aneurysm location showed that open surgery was 
superior for middle cerebral artery (MCA) aneurysms and 
that endovascular treatment was better for internal carotid 
and posterior communicating artery aneurysms. The gener-
alizability of these findings is limited, since many aneurysms 
are not equally treatable by open surgery or endovascular 
techniques. The durability of endovascular repairs has also 
been questioned [38, 39]. In current practice, the treatment 
plan is usually decided by a team of neurosurgeons and neu-
rointerventionalists while considering patient condition, 
aneurysm location, and angioarchitecture. Despite treatment, 
only ~1/3 of those patients who survive their initial aneu-
rysm rupture will regain a good functional status, while the 
remaining 2/3 will have significant deficits or die [25]. These 
outcomes are strongly associated with the patient’s admis-
sion neurological exam [25, 40].

Historically, patients with aneurysmal SAH and advanced 
age (>70 years) have been deemed poor candidates for surgi-
cal or endovascular treatment [40–44], based on the worse 
neurological condition of older patients when compared with 
their younger counterparts [42]. Elderly patients were tradi-
tionally treated conservatively, with only medical manage-
ment of their SAH symptoms. Not surprisingly, this led to 
very poor outcomes, with the vast majority (>75%) of elderly 
patients suffering severe morbidity and mortality [40, 43]. 
Evidence showing improved outcomes in elderly patients 
who receive surgical or endovascular treatment when com-
pared with medical management [43] has spurred a recent 

trend toward offering geriatric patients with aneurysmal 
SAH definitive treatment for their aneurysm. However, it is 
clear that even with treatment, the geriatric population fares 
worse than their younger counterparts [42]. Using data from 
a multicenter randomized trial, it was found that with advanc-
ing age, patients have significantly worse admission neuro-
logical exams, thicker subarachnoid clots, and higher rates of 
intraventricular hemorrhage, hydrocephalus, and aneurysm 
rebleeding [42]. Additionally, older patients have higher 
incidences of preexisting medical comorbidities [42]. 
Interestingly, in this study, there were no age-related differ-
ences in time to presentation, timing of surgery, aneurysm 
size and location, or surgical complications. After control-
ling for the above factors, increasing age was still signifi-
cantly associated with a poorer outcome [42]. This was 
thought to be related to the impaired ability of the aging brain 
to recover from acute stress, as well as the overall diminished 
cardiovascular reserve in older patients, which can lead to 
suboptimal cerebral perfusion [6, 42]. As endovascular tech-
nology evolves, it is likely that it will be used with increasing 
frequency in the elderly as a means to mitigate the risk of 
open surgery while still offering definitive therapy [41]. 
Regardless, it is clear that geriatric patients have better 
outcomes with definitive treatment than conservative treat-
ment, although outcomes are worse than those in younger 
patients.

Vascular Malformations

CNS vascular malformations are congenital vascular lesions 
that fall into four categories: arterio-venous malformations 
(AVMs), capillary telangiectasias, venous angiomas, and 
cavernous malformations [25]. Of these, AVMs are most 
prone to hemorrhages requiring emergency neurosurgical 
care and will therefore be the focus of this discussion.

The prevalence of intracranial AVMs is not well known; 
hospital-based autopsy estimates range from 5 to 613 AVMs 
per 100,000 persons [45]. Anatomically, AVMs represent 
abnormal tangles of arteries and veins, with an absence of 
normal intervening capillary architecture, resulting in high-
flow arterio-venous shunting [25, 45]. AVMs are congenital 
and occur throughout the CNS [45]. Although they may 
cause a variety of neurologic symptoms, the most common 
presentation is intracranial hemorrhage (ICH), which is a 
neurologic emergency (Fig. 86.5a–c) [25, 46].

The management of AVM-related ICHs begins with strict 
blood pressure control to prevent rebleeding. Subsequently, 
if there is evidence of increased ICPs, medical management 
should be initiated, as previously described (Fig.  86.3) 
[10, 11]. If significant mass effect and concern for herniation 
exists, surgical evacuation of AVM-related ICHs can be 
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performed; however, the surgical approach is much different 
than that for typical ICHs and is beyond the scope of this 
discussion. If possible, it is preferable to stabilize the patient 
medically and treat the AVM in a nonacute setting. Treatment 
options include open surgical resection, radiosurgery, and 
endovascular embolization.

Most AVMs are diagnosed at an early age (~35 years), 
and patients who present with hemorrhage are even younger 
(~31  years) [45, 47]. Prospective data indicate that the 
patients at highest risk for future hemorrhages are those who 
have AVMs with deep locations, exclusively deep venous 
drainage, and a history of previous AVM-related ICH [48]. 
Additionally, the risk of future hemorrhages increases with 
age [48]. Given the rarity of this disease, there are no data on 
specific or different treatment strategies for the elderly popu-
lation. However, it is likely elderly patients are more often 
treated with less invasive methods (i.e., radiosurgery and 
endovascular embolization) when possible, due to the per-
ceived increased risks of open surgery with advanced age.

Stroke

Cerebrovascular accidents, or strokes, are a leading cause of 
morbidity and mortality, especially among the elderly [3]. 
Strokes can be either hemorrhagic or ischemic, both of which 
constitute neurologic emergencies that may require surgical 
intervention.

Hemorrhagic strokes affect approximately 10–20 per 
100,000 people each year [24, 49]. Although these events are 

less frequent than ischemic strokes, they have much higher 
rates of associated death and disability [3]. Specifically, the 
1-year mortality rate following hemorrhagic stroke is approx-
imately 62% [24]. The most common risk factor for hemor-
rhagic stroke is hypertension, which is the focus of this 
discussion [24]. Amyloid angiopathy is also a significant 
cause of hemorrhagic stroke and will be discussed in detail 
later in this chapter. Advancing age, male sex, and alcohol 
and tobacco use are known risk factors for hypertensive 
hemorrhagic stroke (HHS). Additionally, blacks have an 
incidence of HHS that is twice that of whites [24].

HHSs most commonly occur from the rupture of small 
intracranial perforator arteries in deep regions of the brain 
(e.g., basal ganglia and brainstem), although cortical and cer-
ebellar hemorrhages occur as well (Fig. 86.6) [24, 25, 50]. 
The initial management of HHS patients focuses on strict 
blood pressure control and treatment of elevated ICPs 
(Fig. 86.3) [10, 11]. The INTERACT randomized controlled 
trial demonstrated that intensive blood pressure control 
reduces subsequent hematoma growth, although clinical out-
come data are lacking [51]. The role of surgical evacuation in 
the treatment of HHS is controversial. A recent randomized 
controlled trial (STICH) evaluated the role of early surgical 
intervention in supratentorial ICHs and determined that there 
was no overall benefit from early surgery as compared to ini-
tial medical management [49]. Given the deep location of 
many of these hemorrhages and the need to traverse normal 
intervening brain to evacuate them, it is not surprising that 
there was no clear benefit with surgical intervention in this 
study. On the other hand, anecdotal evidence suggests that 
superficial supratentorial HHSs with significant mass effect 

Figure 86.5  (a) Noncontrast head CT demonstrates a large left fronto-
temporo-parietal intracranial hemorrhage with associated intraventricu-
lar hemorrhage, mass effect, and midline shift, (b) contrast-enhanced 

cerebral CT angiogram reveals an underlying arterio-venous malforma-
tion, and (c) cerebral catheter angiogram confirms the presence of a 
large arterio-venous malformation.
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may respond well to surgical decompression and therefore 
these patients should be evaluated on a case-by-case basis 
with the assistance of a neurosurgical team. Alternatively, 
HHSs in the cerebellum respond much more favorably to 
surgical evacuation. Cerebellar hemorrhages have a propen-
sity for early hydrocephalus and brainstem compression 
[24]. Craniotomy and decompression is the definitive treat-
ment for this process and studies have shown that those 
patients with large cerebellar hematomas (volume greater 
than 40 mL) have a clear benefit from surgical intervention 
[24, 52]. Of note, significant research has also been per-
formed to ascertain the role of recombinant-activated factor 
VIIa (rFVIIa) in the treatment of acute ICHs, including 
HHSs. The final results of the phase 3 randomized controlled 
trial (FAST) demonstrated that although rFVIIa reduces the 
growth of the hematoma, it does not result in any significant 
improvements in survival or functional outcome, and there-
fore, the use of rFVIIa for acute ICHs has not become part of 
standard practice [53].

Ischemic strokes (IS) account for the vast majority of all 
strokes, with an incidence of 300–500 cases per 100,000 
people each year [3]. In general, management of IS should 
be directed by a neurology team. On rare occasions, IS may 
require surgical intervention. The role of surgical interven-
tion has been well examined in patients with a “malignant” 
MCA infarction, where swelling from the damaged brain can 
cause rapid neurological deterioration and 1-year mortality 
rates reach up to 80% [54–57]. Several randomized controlled 

trials (DESTINY, HAMLET, and DECIMAL) have been 
performed to evaluate the efficacy of early surgical decom-
pression via hemicraniectomy and durotomy, to relieve the 
mass effect of the infracted and edematous brain [55–57]. 
The pooled analysis of these trials demonstrates a significant 
reduction in mortality; however, overall patient morbidity 
and functional outcomes remain unchanged despite surgical 
decompression [54]. It should be noted that these trials did 
not include patients greater than 60 years of age and there-
fore, surgical intervention in elderly patients should be con-
sidered on a case-by-case basis.

Amyloid Angiopathy

Cerebral amyloid angiopathy (CAA) is an important cause of 
nontraumatic ICH, comprising approximately 10% of all 
ICHs and 30% of all lobar ICHs [25, 58]. Moreover, this 
pathology has a predilection for the elderly population, mak-
ing its review particularly germane to this discussion [25, 58]. 
CAA is characterized by the deposition of beta-amyloid, a 
fibrillar protein, in the media and adventitia of small- and 
medium-sized arteries [25, 58]. The exact prevalence of 
CAA is difficult to determine due to the lack of definitive 
histopathology in most cases; however, it is well known that 
the prevalence of CAA increases with age and it is rarely 
identified in those less than 55 years of age [58]. CAA has an 
equal predilection for both sexes. Approximately 1/3 of 
people greater than 60 years of age have evidence of CAA on 
autopsy, and in individuals over 90 years of age, the preva-
lence of CAA exceeds 60% [58]. Studies have also demon-
strated that those individuals who possess the E2 and E4 
alleles of the apolipoprotein E gene have a significantly 
increased risk of developing CAA [25, 58].

Although CAA can cause progressive dementia, transient 
ischemic attacks, seizures, and ischemic stroke, arguably the 
most concerning manifestation is ICH, caused by the rupture 
of amyloid-laden vasculature [25, 58]. These hemorrhages 
are most frequently lobar and can be multifocal [25, 58].

The management of ICHs due to CAA is not significantly 
different from the management of hypertensive ICHs. Most 
hemorrhages do not require surgical intervention; however, if 
significant mass effect and neurologic deficits exist, cran-
iotomy for evacuation and decompression can be considered. 
Unlike cerebral aneurysms and AVMs, ICHs due to CAA do 
not require treatment of a discrete, underlying vascular abnor-
mality. Although the vasculature is altered in patients with 
CAA, it does not require unique surgical maneuvers to control 
bleeding. In contrast with ICHs due to hypertension, CAA-
associated ICHs are typically more superficial and therefore 
more amenable to surgical intervention [25, 58]. Although no 
specific pharmacotherapy exists for the treatment of CAA, 

Figure 86.6  Noncontrast head CT demonstrates an acute basal ganglia 
hemorrhage with mass effect and intraventricular extension.
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there is ongoing research into the development of antiamyloid 
medications and vaccinations [58]. Additionally, as discussed 
above, the use of rFVIIa has not resulted in a significant clini-
cal benefit in this patient population [53].

Adverse Drug Reactions

As the population ages, the use of antiplatelet and anticoagu-
lant medications such as aspirin, clopidogrel, and warfarin, 
has increased dramatically. Protocols for managing patients 
with acute ischemic stroke using thrombolytic therapies, 
such as intravenous and intraarterial tissue plasminogen acti-
vator (tPA), have become more common [59]. Traditional 
guidelines recommend administration of tPA within 3 h of 
onset of stroke symptoms; however, many stroke centers 
now aim to administer tPA in an urgent fashion, within 
60 min of onset of symptoms, for embolic stroke [59]. Given 
the potency of these medications, it is not surprising that 
some of their primary side effects include undesired bleed-
ing, including ICHs [60, 61]. Patients who receive tPA and 
have early hypodensities on CT have significantly higher 
rates of ICH [62]. Patients who develop ICHs secondary to 
antiplatelet or anticoagulant therapies should have the offend-
ing medications discontinued immediately, followed by 
reversal of the platelet dysfunction and/or anticoagulation 
with the appropriate blood products and/or medications. The 
remainder of their management should follow that of other 
nontraumatic ICHs; strict blood pressure control should be 
employed and surgical decompression considered on a case-
by-case basis for those patients with significant mass effect. 
In a study of surgical evacuation of ICH following adminis-
tration of streptokinase for acute myocardial infarction, sur-
gery was beneficial, although survival was dependent upon 
the time from the initiation of thrombolytic therapy to onset 
of stroke symptoms, initial Glasgow coma scale score, vol-
ume of ICH, and “baseline clinical characteristics” (defined 
as age, systolic blood pressure, Killip class, heart rate, infarct 
location, previous myocardial infarction, height, time to 
treatment, history of smoking, current smoking, diabetes, 
weight, history of coronary bypass surgery, type of throm-
bolytic agent, history of hypertension, and history of cere-
brovascular disease) [63]. Importantly, all patients who are 
started on antiplatelet and anticoagulant medications should 
be counseled about the potential risk of ICH.

Sinus Thrombosis

Intracranial venous sinus thrombosis (VST) is a relatively 
rare condition that constitutes a neurologic emergency. 

There are several factors which predispose individuals to 
developing VSTs, including: a hypercoagulable state, dehy-
dration, adjacent tumor or infection, pregnancy, vasculitis, 
systemic inflammatory disorders, and local trauma [25, 64]. 
Although most intracranial VSTs become evident through 
headache and other symptoms of increased ICPs, a signifi-
cant portion of patients develop seizures, intracranial 
infarcts, ICHs, or focal motor deficits [25, 64]. VSTs cause 
venous outflow obstruction and subsequent parenchymal 
edema and infarction [25, 64]. The primary goal in the 
treatment of VSTs is the prevention of thrombus propaga-
tion while allowing for natural thrombolysis and recanali-
zation of the affected vessel. This is achieved with 
anticoagulation and is typically managed by a neurology 
team [25, 64]. However, endovascular thrombolysis of the 
clot/affected vessel using pharmacologic and mechanical 
techniques is sometimes indicated, and in cases with large 
ICHs, surgical decompression and evacuation is occasion-
ally performed [64]. As compared to intracranial arterial 
thromboses, VSTs have an overall better prognosis [64]. In 
the largest series to date of patients with VSTs, there was a 
13% rate of death or dependence at 6  months after ictus 
[64]. Risk factors associated with poor outcome include 
advancing age, male sex, altered mental status on admis-
sion, deep cerebral venous system thrombosis, ICH, malig-
nancy, and CNS infection [64].

Infection

Infections of the CNS are neurological emergencies, which 
must be treated in a timely fashion. Generally, CNS infec-
tions can be categorized by their location: meningeal, sub-
dural, epidural, intraparenchymal, and intraventricular. Most 
CNS infections have bacterial, viral, or fungal etiologies; 
this discussion will focus on bacterial infections, as these 
most commonly require surgical intervention. Additionally, 
this discussion will be limited to intracranial CNS infections; 
a review of spinal CNS infections can be found in Chap. 87.

Infections of the meninges, also known as meningitis, are 
the most common intracranial CNS infection [25]. Patients 
typically develop fever, headache, neck stiffness, photopho-
bia, and malaise. Contrast-enhanced imaging studies often 
reveal diffuse meningeal enhancement, and CSF analysis 
demonstrates elevations in the nucleated white blood cell 
count. As meningitis is most often managed medically, with-
out the need for surgical intervention, further discussion of 
its management is beyond the scope of this discussion.

Infections of the epidural space, also known as epidural 
abscesses (EA), comprise approximately 2% of intracranial 
CNS infections [65]. These infections present with fever, 
headache, neck stiffness, photophobia, periorbital swelling, 
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scalp tenderness, ear pain, nausea, vomiting, and lethargy. 
Imaging studies reveal an extra-axial, biconvex lesion with 
peripheral enhancement. Imaging studies may also reveal 
evidence of underlying osteomyelitis, sinusitis, or mastoidi-
tis. Cranial EAs typically occur via direct extension of an 
adjacent sinusitis, although they may also be the result of 
hematogeneous spread from infections located throughout 
the body. They most commonly occur in adolescent males, 
though all age groups may be affected [65]. Treatment of 
cranial EAs involves surgical evacuation, followed by pro-
longed antibiotic therapy. If the adjacent bone appears to be 
involved, it must also be debrided and/or removed [65]. The 
most commonly isolated organisms in cranial EAs are 
microaerophilic or hemolytic streptococci; however, staphy-
lococci may also be involved in cases of postoperative or 
posttraumatic infections [65].

Subdural infections, also known as subdural empyemas 
(SE), occur in 12–25% of intracranial CNS infections [65]. 
These infections present similarly to cranial EAs; however, 
focal neurologic deficits are more common given the direct 
contact with the cortical surface [65, 66]. Imaging studies 
reveal extra-axial, crescent-shaped collections with peripheral 
enhancement. As with cranial EAs, there is often evidence of 
adjacent osteomyelitis, sinusitis, or mastoiditis. Intracranial 
SEs typically occur in the setting of sinusitis, via direct exten-
sion or hematogenous spread, but may also occur as a result of 
trauma or neurosurgical intervention [65, 66]. Treatment 
involves prompt surgical evacuation, followed by prolonged 
antibiotic therapy [65, 66]. The most commonly isolated 
organisms in intracranial SEs are aerobic and anaerobic strep-
tococci species, as well as staphylococci species [65, 66].

Intraparenchymal intracranial CNS infections, also known 
as brain abscesses (BA), are occurring with increasing 
frequency as the prevalence of immunocompromised indi-
viduals rises [65]. These infections cause fevers, headache, 
meningismus, malaise, seizures, and focal neurologic deficits 
– and they most often have a rapid progression of symptoms. 
On contrasted imaging studies, BAs appear as intra-axial 
lesions with marked peripheral enhancement and restricted 
diffusion on MRI (Fig.  86.7a–c). They can occur in the 
setting of sinusitis and mastoiditis, but are also commonly 
the result of bacteremia in the setting of congenital heart 
defects, bacterial endocarditis, dental abscesses, pulmonary 
infections, and acute diverticulitis [65]. Treatment consists 
of abscess drainage, often with the use of intra-operative ste-
reotactic navigation systems, followed by prolonged antibi-
otic therapy [65]. The most commonly isolated organisms 
include aerobic and anaerobic streptococci and bacteroides 
species, staphylococci species, and fungal organisms in the 
immunocompromised [65].

Intraventricular CNS infections are rare entities. They 
commonly cause signs and symptoms of obstructive hydro-
cephalus: headache, nausea, vomiting, lethargy, and coma 
[25, 65]. Most often, intraventricular infections are caused 
by parasites (i.e., neurocysticercosis) [25]. Imaging studies 
reveal an intraventricular mass with a variable enhancement 
pattern and evidence of obstructive hydrocephalus. Surgical 
management of these lesions is usually curative. Medical 
management using antihelminthics remains controversial 
and should be discussed with an infectious disease specialist 
[25]. Of note, bacterial ventriculitis may also develop in 
the setting of a prolonged intracranial bacterial infection.  

Figure  86.7  (a) Contrast-enhanced head CT demonstrates multiple 
hypodense ring-enhancing lesions, (b) T1-weighted contrast-enhanced 
brain MRI demonstrates multiple hypodense ring-enhancing lesions 

with surrounding edema, and (c) diffusion-weighted brain MRI reveals 
restricted diffusion throughout the enhancing lesions, consistent with 
multiple brain abscesses.
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As with intraventricular parasitic infections, individuals 
with bacterial ventriculitis typically develop symptoms of 
hydrocephalus. Imaging studies reveal diffusely enhancing 
ventricular walls. Management includes CSF diversion for 
elevated ICPs and prolonged antibiotic therapy.

With the exception of meningitis, most CNS infections 
require neurosurgical intervention. Risks of prolonged, 
untreated CNS infections include VST, osteomyelitis, hydro-
cephalus, seizures, and catastrophic intraventricular BA rup-
ture. Importantly, in the management and initial work-up of 
CNS infections, lumbar puncture is often considered. 
Although this can be performed safely in most patients with 
simple meningitis, for those patients with intracranial mass 
lesions, lumbar puncture should be deferred due to the risk of 
causing cerebral herniation [25]. Additionally, significant 
controversy exists regarding the use of steroids in the context 
of CNS infections [25]. This issue is best dealt with on a 
case-by-case basis, after careful review of the particular clin-
ical scenario.

Most CNS infections tend to occur in the young; however, 
the elderly population deserves special consideration for sev-
eral reasons. First, geriatric patients often have nonspecific 
signs and symptoms in the setting of infection [3, 67]. This 
increases the need for vigilant physical examination and 
CNS imaging studies in this population. Additionally, the 
elderly population has a relative immunosenescence, there-
fore, their clinical course and response to therapy may be 
worse than a younger counterpart with a similar illness [67]. 
Finally, the elderly tend to have more frequent and more 
severe adverse drug effects, especially from antibiotics, and 
this should be taken into account when choosing the appro-
priate drug regimen [67].

Peripheral Nerve Injury

Traumatic peripheral nerve injuries (PNIs) are relatively rare 
occurrences and are treated by a variety of specialists, includ-
ing neurosurgeons, plastic surgeons, and orthopedic surgeons 
[68, 69]. Despite their rarity, PNIs can result in devastating 
functional loss and represent an important neurologic emer-
gency. Clinically, they typically present in the setting of 
trauma with neurologic deficit confined to a single extremity 
[70]. PNIs often occur in tandem with bony fractures and 
peripheral vascular injuries [70]. Traumatic PNIs can be 
loosely categorized into three broad groups based on mecha-
nism: stretch/avulsion injuries, lacerating injuries, and com-
pressive injuries [71].

Stretch and avulsion injuries are the most common types 
of PNI [70, 71]. They are usually the result of motor vehicle 
accidents in which the torsional force of impact results in the 
movement of an extremity in one direction and the patient’s 

trunk in another [70]. This results in a stretching of nerve 
roots, which, if severe enough, can cause complete nerve root 
avulsion from the spinal cord. Spinal imaging studies may 
reveal pseudomeningoceles indicative of dural nerve root 
sleeve disruption and adjacent soft tissue injury. Penetrating 
and lacerating PNIs typically occur as a result of gunshot and 
knife wounds. They are the second most common type of PNI 
and are often associated with injuries of adjacent vascular 
structures [70, 71]. These injuries are usually discovered on 
physical exam, as the external signs of trauma can be quite 
obvious. Compressive PNIs often occur as a result of local 
hematomas, soft tissue swelling, and bony hypertrophy. They 
cause indirect neural injury via external compression [71].

Operative interventions for PNIs vary widely based on the 
mechanism of injury, extent of neurologic deficit, presence 
of additional injuries, and surgeon preference [72, 73]. 
Surgical interventions may involve decompression, direct 
repair, removal of neuromas, and nerve grafting or transposi-
tion [72, 74]. Nearly all interventions employ the use of pre- 
and postoperative electromyography, and intraoperative 
nerve action potential and somatosensory evoked potential 
recordings [72]. Given the increased incidence of osteoporo-
sis and bony fractures in the elderly, it is likely that they are 
at increased risk for PNIs in the setting of trauma. Therefore, 
since early identification of PNIs can maximize the potential 
for a functional recovery, it is imperative that elderly patients 
undergo complete neurologic examination as part of their 
trauma evaluation.

Tumors

Intracranial primary or metastatic tumors can cause medical 
emergencies via mass effect from tumor growth, edema in 
the surrounding brain, intratumoral hemorrhage, or seizures. 
Initial management should focus on the treatment of elevated 
ICP symptoms, blood pressure control, and seizure cessa-
tion. Further discussion of these lesions can be found in 
Chap. 87.

Conclusions

Geriatric neurosurgical emergencies encompass a broad 
range of pathologies. Elderly patients have unique treatment 
challenges that must be accounted for by healthcare provid-
ers. The loss of cardiovascular reserve and the fundamental 
changes within the aging CNS appear to play a significant 
role in morbidity and mortality and should be carefully con-
sidered when treating and counseling geriatric patients with 
neurosurgical illnesses.
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(continued)

Case Study

History

An 82-year-old male, with multiple medical problems, 
seeks medical attention after the acute onset of worst head-
ache of life. He also notes nausea, photophobia, and neck 
pain. He denies trauma, numbness, weakness, tingling, sei-
zures, chest pain, and shortness of breath. A noncontrast 
head CT (Fig. 86.8a) is obtained and the patient is subse-
quently transferred to a tertiary care center. During transfer, 
the patient is noted to become progressively lethargic.

Past Medical History

	1.	 Hypertension
	2.	 Coronary artery disease
	3.	 Chronic renal failure
	4.	 Type II diabetes mellitus
	5.	 Atrial fibrillation

Admission Neurologic Examination

Temp: 99.1 degrees Fahrenheit, HR: 70 beats per minute, 
BP: 160/70 mmHg, RR: 10 breaths per minute, O

2
, Sat: 

98% on 4 liters nasal cannula
Lethargic, nonverbal

Opens eyes to noxious stimuli
Pupils equally round and reactive to light, bilaterally
Moving all extremities symmetrically, not following 
commands
Localizes to noxious stimuli
Unable to assess sensory function
2+ deep tendon reflexes throughout
Toes downgoing, bilaterally

Relevant Admission Laboratory Values

Na: 138
Troponin-I: 0.40
WBC: 8.9 k
PLT: 228 k
INR: 2.8

Clinical Course

Upon arrival to the tertiary care center, the patient is intu-
bated for airway protection. Subsequently, he is treated 
for hypertension and his systolic blood pressure is main-
tained below 140 mmHg. He is also given 1 g of IV phe-
nytoin for seizure prophylaxis and 6 U of fresh frozen 
plasma to normalize coagulation. A cerebral CT angio-
gram is obtained (Fig.  86.8b), which demonstrates an 
anterior communicating artery aneurysm. The patient is 

Figure  86.8  (a) Noncontrast head CT demonstrates diffuse  
subarachnoid hemorrhage involving the bilateral Sylvian fissures 
as well as intraventricular hemorrhage and hydrocephalus and  

(b) contrast-enhanced cerebral CT angiogram reveals an anterior 
communicating artery aneurysm (single arrow)
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Case Study  (continued)

transferred to the intensive care unit. His head of bed is 
elevated to 30°, he is sedated and hyperventilated, and a 
ventriculostomy catheter is placed to decompress hydro-
cephalus and manage elevated intracranial pressures. 
The patient’s examination improves over the next 24 h; 
specifically, he begins to follow commands. An echocar-
diogram is obtained because of the abnormally elevated 
cardiac enzymes. The patient is found to have an ejection 
fraction of 35%. A family discussion is held regarding 
the risks and benefits of treatment and the decision is 
made to pursue endovascular therapy. The following day, 
the patient is taken to the angiography suite where he 
undergoes successful coil embolization of his intracra-
nial aneurysm. Over the next 2 weeks, he is monitored 
carefully in the intensive care unit for evidence of vasos-
pasm. His hydrocephalus resolves during this time and 
the ventriculostomy catheter is discontinued. His neuro-
logic exam slowly improves, although his cognitive func-
tion appears somewhat diminished to his family members. 
He is extubated successfully. His ejection fraction also 
improves to 45% over this time period. He is later trans-
ferred to the floor and subsequently to a rehabilitation 
facility.

Discussion Questions

	1.	 What are the most important initial measures that 
should be taken when caring for a patient with a rup-
tured intracranial aneurysm?

	2.	 What are the possible etiologies of the patient’s 
change in mental status during transfer to the tertiary 
care facility?

	3.	 What is the clinical and operative significance of the 
elevated cardiac enzymes on admission?

	4.	 What is the current standard of care for treatment of 
ruptured intracranial aneurysms in the elderly?

Discussion Answers

	1.	 The most important initial measures to be taken 
when caring for a patient with a ruptured intracra-

nial aneurysm include: strict blood pressure control, 
administration of prophylactic anticonvulsant 
medications, and management of elevated intracra-
nial pressures, if present.

	2.	 Possible etiologies of the patient’s change in mental 
status during transfer include: aneurysm rebleeding, 
hydrocephalus, and seizure.

	3.	 Elevated cardiac enzymes in the setting of subarach-
noid hemorrhage are associated with an increased 
risk of cardiogenic shock, pulmonary edema, and 
cerebral vasospasm. Elevated cardiac enzymes are 
also associated with higher rates of death and severe 
disability following aneurysmal subarachnoid hem-
orrhage. Therefore, when caring for patients with 
elevated cardiac enzymes, careful attention should 
be paid to optimizing their cardiopulmonary status. 
Moreover, in the setting of acutely elevated cardiac 
enzymes, it is often more judicious to treat patients 
with less invasive procedures (i.e., endovascular 
treatments) as opposed to maximally invasive proce-
dures (i.e., open surgery), in order to minimize the 
degree of cardiac stress.

	4.	 The current standard of care for treatment of ruptured 
intracranial aneurysms in the elderly is definitive sur-
gical or endovascular repair in order to secure the 
aneurysm and prevent rebleeding. Aneurysm loca-
tion, size, and configuration will often determine 
whether open surgery or endovascular techniques are 
the optimal approach to aneurysm repair. However, 
the patient’s overall systemic health should be evalu-
ated, and if significant comorbidities exist, strong 
consideration should be given to less invasive endo-
vascular procedures, even if open surgery might pro-
vide a more definitive repair. Previously, elderly 
patients were treated with conservative, medical man-
agement without aneurysm repair. However, long-
term studies have demonstrated that elderly patients 
have significantly better outcomes with definitive 
management and thus, this has become the standard 
of care. Nonetheless, elderly patients still fare worse 
than their younger counterparts, and as such, provid-
ers should have an open discourse with the patient and 
their family to discuss the potential need for long-
term hospitalization, rehabilitation, and home care, so 
that treatment plans are made in accordance with the 
patient’s wishes.
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Introduction

Data from the Central Brain Tumor Registry of the United 
States (CBTRUS) indicate that approximately 23,000 
Americans were expected to be diagnosed with a primary 
cancer of the central nervous system (CNS) in 2007 [1]. The 
incidence rate of all primary malignant CNS tumors in the 
USA is estimated at 7.3 cases per 100,000 people annually 
[1]. Brain tumors are increasingly common as people age; 
approximately 15% of primary malignant brain tumors are 
diagnosed in individuals aged 70 years or more [2]. Survival 
rates among patients diagnosed with primary malignant brain 
tumors vary inversely with age. For example, among patients 
between the ages of 45 and 54, the 5-year survival rate is 
24%, while this rate is only 5% for patients who are at least 
75 years old (Table 87.1) [1]. In addition to those with pri-
mary brain tumors, up to 150,000 Americans are diagnosed 
each year with metastatic brain lesions [3], and many of 
these are elderly patients. This chapter provides a review and 
discussion of epidemiology and treatment of elderly patients 
with brain tumors. The focus is on primary tumors, but meta-
static lesions will be addressed briefly as well.

Epidemiology and Prognosis

Glioma

Most primary brain tumors among the elderly are thought to 
be derived from glial cells and are therefore known as 
gliomas. Glial cells make up the supporting cells of the brain 
and assist neurons with a variety of structural, protective, and 
metabolic functions. Subcategories of glioma include 

astrocytoma, oligodendroglioma, and mixed glioma. 
According to the World Health Organization (WHO) classi-
fication, gliomas receive a histopathologic grade on the basis 
of microscopic features including cellularity, nuclear atypia, 
mitotic activity, vascular proliferation, and necrosis [4]. 
WHO grade I gliomas are typically localized, noninfiltrating 
lesions that occur predominantly in the pediatric population. 
Grade II tumors are diffuse, infiltrative neoplasms that usu-
ally occur in young adults with a mean age of 39 years [5]. 
Among elderly patients, the majority of gliomas are high-
grade or malignant gliomas (Table 87.2). Subtypes include 
glioblastomas (GBM; WHO grade IV), anaplastic astrocy-
tomas (WHO grade III), anaplastic oligodendrogliomas 
(WHO grade III), and anaplastic oligoastrocytomas (WHO 
grade III).

GBMs are the most common malignant brain tumors in 
elderly patients; they represent nearly 20% of all brain tumors 
in adults and have an incidence rate of 3.1 per 100,000 per-
son years. The median age of diagnosis is 64 years, and these 
tumors are 1.7 times more common in males [1]. Despite a 
number of recent advances, median survival among newly 
diagnosed GBM patients younger than 70 years who receive 
optimal therapy is only 14.6 months [6]. Fewer than 4% of 
patients achieve 5-year survival [1]. Most data suggest that 
elderly patients with newly diagnosed GBM have a median 
survival of less than 9 months [7, 8]. Indeed, age is among 
the most important prognostic factors in GBM [9]. An emerg-
ing body of literature suggests that molecular differences in 
brain tumors may explain prognostic variability between 
patients of different ages [10]. In one study of 140 GBM 
specimens, the prognostic significance of TP53 mutations, 
epidermal growth factor receptor amplification, CDKN2A/
p16 alterations, and loss of chromosome 1p depended upon 
patient age [11].

Meningioma

Meningiomas are the most common primary intracranial 
tumors diagnosed in adults of all ages [1]. The prevalence 
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of meningioma is estimated to be approximately 
97.5/100,000 in the USA with over 150,000 individuals 
currently diagnosed. Data from CBTRUS reveal an age-
adjusted incidence rate (per 100,000 person years) of 5.04 
and 2.46 for females and males, respectively [1]. The inci-
dence of meningioma increases with age with a median age of 
diagnosis of approximately 64  years. Although generally 
considered benign (WHO grade I), approximately 8% of 
meningiomas display aggressive features such as increased 
cellularity, high nuclear to cytoplasmatic ratio, increased 
mitotic activity, patternless growth, and foci of necrosis and 
are classified as atypical tumors (WHO grade II). Approximately 
2–3% of meningiomas exhibit frank malignant histological 
signs and are classified as anaplastic meningiomas (WHO 
grade III). Atypical and anaplastic meningiomas account for 
significant morbidity and mortality. Histology is an impor-
tant predictor of tumor recurrence rates. Although detailed 
population-based data are not available, recurrence rates 
are estimated at 3–20% for benign meningiomas, 30–40% 
for atypical meningiomas, and 50–80% for anaplastic 
meningiomas.

Primary Central Nervous System Lymphoma

Primary CNS lymphoma (PCNSL) is an unusual extranodal 
non-Hodgkin’s lymphoma variant that exclusively involves 
the nervous system and eyes. Only rarely is there spread to 

the systemic compartment. PCNSL represents 3.1% of CNS 
tumors, with approximately 2,000 new diagnoses per year in 
the USA [1]. The reported incidence of PCNSL has increased 
over the past few decades, primarily due to increases in both 
immunocompromised individuals and the elderly. Between 
1973 and 1984 in the USA, the incidence rate of PCNSL was 
0.15 cases per 100,000 person years; between 1985 and 1997, 
the incidence rate more than tripled to 0.48 cases per 100,000 
person years [12]. Reasons for the increase in incidence rates 
are controversial. Potential explanations include increased 
use of neuroimaging, changes in disease classification, and 
delayed response to a putative environmental toxin. 
Immunodeficiency is the strongest known risk factor for all 
subtypes of lymphoma, including PCNSL. Most immuno-
competent patients with PCNSL are older adults, and there is 
a slight male preponderance. Although localized extranodal 
systemic non-Hodgkin’s lymphoma is compatible with long-
term survival in 70% or more of patients, PCNSL is almost 
universally fatal. Factors that predict decreased survival 
among patients with PCNSL include age greater than 60 years, 
impaired performance status, elevated serum lactate dehydro-
genase, increased cerebrospinal fluid protein, and involve-
ment of deep brain structures. Depending upon the number of 
adverse prognostic factors, 2-year survival rates vary between 
24 and 85% [13]. A recent analysis in preparation by our 
group indicates that survival rates among PCNSL patients are 
increasing over time, perhaps due in part to advances in the 
chemotherapeutic management of this disease.

Risk Factors

The only well-validated risk factor for development of a 
glioma is exposure to ionizing radiation, generally in the 
form of therapeutic irradiation for cancer [14]. Radiation-
induced brain tumors typically develop in young patients. 
A wide variety of environmental risk factors for primary 
brain tumors have been proposed [15]. The list of factors 
includes electromagnetic fields, trauma, occupational and 
industrial chemicals, medications including anticonvulsants, 
and viral infections, among others. Recent data show an 
intriguing association with atopy [16]. In a meta-analysis of 
3,450 glioma patients, a history of atopy was associated with 
a relative risk for glioma diagnosis of 0.61 [17]. A history of 
an allergic condition or asthma was also protective. The bio-
logical basis for this association has yet to be elucidated. At 
present, no single risk factor has been consistently identified 
as being associated with cancer risk, particularly within the 
elderly population.

For meningioma, the evidence for ionizing radiation is 
even more marked with relative risks as high as 10 [18]. 
Evidence of an association between hormones and meningioma 

Table  87.1  Five-year survival rates among patients with primary 
malignant brain tumors of the CNS

Age (years) Five-year survival rate (%)

0–19 66.0
20–44 49.2
45–54 24.0
55–64 11.1
65–74   6.7
75 +   4.7
Source: CBTRUS (2008). Statistical Report: Primary Brain Tumors in 
the United States, 2000–2004. Published by the Central Brain Tumor 
Registry of the United States [1]

Table 87.2  Age-specific incidence rates per 100,000 people per year 
for selected brain tumor histologies

Histology

Age at diagnosis (years)

35–44 45–54 55–64 65–74 75–84 85+

Glioblastoma 1.20 3.70 8.09 12.47 14.13 7.63
Anaplastic  

astrocytoma
0.48 0.60 0.89   1.07   1.00 0.30

Anaplastic 
oligodendroglioma

0.22 0.30 0.32   0.34   0.27 Unknown
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risk is suggested by a number of findings including the 
increased incidence of the disease in women versus men 
(2:1), the presence of estrogen and progesterone receptors on 
some meningiomas [19], a potential association between 
breast cancer and meningiomas [20], and an association in 
some studies between exogenous or endogenous hormones 
and meningioma risk [21]. These findings warrant consider-
ation in the use of hormone replacement therapy in postmeno-
pausal women.

Genetics

Glioma

With respect to inherited genetic syndromes for glioma, 
highly penetrant but relatively rare inherited genes may exist 
for glioma susceptibility [22]. Some hereditary syndromes 
such as tuberous sclerosis, neurofibromatosis types 1 and 2, 
nevoid basal cell carcinoma syndrome, Li-Fraumeni 
syndrome as well as syndromes involving adenomatous pol-
yps may be associated with a genetic predisposition to 
glioma. In a population-based study of 500 adults with 
glioma in San Francisco, less than 1% of cases had a known 
hereditary syndrome (one had tuberous sclerosis and three 
had neurofibromatosis) [23]. With respect to familial aggre-
gation, the reported relative risks of brain tumors among 
family members of brain tumor cases range from nearly one 
to ten, with a twofold rate seen in larger studies [24]. Not all 
studies of siblings, and no studies of twins, have supported a 
simple genetic etiology. Formal segregation analyses have 
provided evidence for a genetic component but no clear 
mode of inheritance with approximately 5% of cases esti-
mated to be familial [24]. One linkage study has been 
reported with statistically significant linkage to 15q23–26.3 
for 15 Finnish families with multiple cases of glioma [25]. 
These data suggest, as for most neoplasms, that glioma 
development and growth is likely a function of the effects of 
many genes that are relatively prevalent but not highly pen-
etrant and that interact with environmental exposures to con-
fer risk. An international effort to locate genes for glioma via 
the collection of families with two or more members affected 
with glioma is currently underway (GLIOGENE), and results 
from the first genome-wide association study of glioma are 
currently in press. Recently, the first examination of DNA 
repair gene variants and glioma was presented with evidence 
for such an association [26]. In the most recent and largest 
study to date of genetic polymorphisms and meningioma 
risk, Interphone study reported a statistically significant 
association with meningioma for 12 single nucleotide 
polymorphisms (SNPs) drawn from DNA repair genes. 

These investigators examined 1,127 tagging SNPs selected 
to capture most of the common variation in 136 DNA repair 
genes as well as an additional 388 putative functional SNPs 
(including 69 nonsynonymous coding SNPs that may iden-
tify the function of expressed proteins) in 631 cases and 637 
controls drawn from five case/control series from the 
Interphone study. The Interphone study is a case/control 
project initially designed to examine the relationship between 
cell phone use and the risk of brain tumors, including menin-
gioma. The group reported a novel and biologically intrigu-
ing association between meningioma risk and three variants 
in the gene that encodes breast cancer susceptibility gene 
1-interacting protein 1 (BRIP1) (17q22) [26].

In addition to the study of inherited genes, scientists have 
attempted to elucidate the somatic genetic changes and path-
ways associated with the development of a number of primary 
brain tumors, including most prominently, those associated 
with the development of GBMs. GBM is considered to be a 
clinical manifestation of at least two pathways with respect 
to genetics (Fig.  87.1). One form appears to result from 
malignant progression of a low-grade astrocytoma. The 
timing of this transition or progression to a higher grade is 
variable, and it remains controversial whether aggressive 
therapy for a low-grade astrocytoma can prevent or delay the 
subsequent evolution of a GBM. There is evidence to suggest 
that the progression of tumor grade is associated with a series 
of genetic changes, similar to those seen for the progression 
from polyp to carcinoma in colon cancers. The second form 
of GBM appears to be a tumor that arises de novo in patients 
with no prior evidence of a low-grade glioma. When survival 
is measured for the two groups, there does not appear to be 
an advantage for either type. The latter de novo form is more 
commonly seen in the elderly population.

Data indicate that the evolution of GBM from a low-grade 
glioma is genetically distinct from the de novo GBM. Tumors 
that progress from a low-grade glioma to GBM are associ-
ated with p53 mutation. In contrast, de  novo glioblastoma 
does not appear to manifest evidence of a p53 mutation; 
instead, these tumors have been shown to have amplification 
and mutation of epidermal growth factor receptor (EGFR) 
and amplification of MDM2, as well as loss of heterozygos-
ity of chromosome 10 [27, 28]. Of interest is the fact that 
epidemiologic data from these studies suggest that advanced 
age is associated with EGFR and MDM2 amplifications, a 
condition not present in gliomas arising in younger patients.

Meningioma

Few studies have examined the relationship between a 
personal diagnosis of meningioma and a family history of 
menin-gioma although evidence that such a history is 
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associated with risk does exist. Using data from the Swedish 
Family Cancer Database, Hemminki and Li reported a sta-
tistically significant association between meningioma diag-
nosis and a parental history of meningioma [standardized 
incidence ratio (SIR): 2.5, 95% CI: 1.3, 4.3] [29]. A recently 
published hospital-based study found that the risk of men-
ingioma was increased among persons reporting a benign 
brain tumor (OR: 4.5, 95% CI: 1.2, 15.0) [30]. Population-
based surveys suggest that highly penetrant but relatively 
rare inherited genes may exist for meningioma susceptibil-
ity, although it appears at present that these genes may be 
primarily seen in families with neurofibromatosis 2. 
Collections of families with multiple family members diag-
nosed with meningioma and who do not appear to carry 
inherited mutations in the NF2 gene are relatively rarely 
identified despite the fact that up to 1% of the adult popula-
tion may harbor such a diagnosis, indicating a wide spec-
trum of phenotypic expression with respect to clinical 
import. At present no family based linkage studies of 
meningioma have been reported. Recently, data from Israel 
provide evidence for genetic predisposition to radiation-
associated meningioma [31], highlighting the role of inher-
ited genetic factors in meningioma risk modification. In the 
most recent and largest study to date of genetic polymor-
phisms and meningioma risk, investigators from the 
Interphone study examined that 1,127 tagging SNPs 
selected to capture common variation in 136 DNA repair 
genes as well as an additional 388 putative functional SNPs 
in a combined case/control series of 631 cases and 637 
controls drawn from five case/control series from the 
Interphone study [26]. The group reported a novel associa-
tion between meningioma risk and the SNP rs496851, 
which maps to intron 4 of the gene that encodes breast can-
cer susceptibility gene 1-interacting protein 1 (BRIP1) 
(mapped at 17q22).

Lymphoma

There is virtually no published data about the potential hered-
itability of PCNSL. Due to the rarity of the disease, there is a 
limited understanding of its molecular pathogenesis, particu-
larly in comparison to malignant glioma. While p53 muta-
tions are rare, inactivation of the cell cycle regulators p14ARF 
and p16INK4A is commonly observed [32]. Other abnormalities 
include translocations of the BCL6 gene and 6q deletions; 
both of these appear to have prognostic significance [33].

Symptoms

The presenting symptoms for intracranial lesions vary by 
tumor location, rate of growth, type of tumor, and age. In 
elderly patients, the most common presentations are confu-
sion or mental status change, personality change, headache, 
seizure (often with associated motor or sensory deficits), and 
aphasia. However, any combination of neurologic symptoms 
is possible. Symptoms frequently develop over a period of 
weeks or months. Papilledema and nausea or vomiting are 
less common features in elderly patients, likely because pos-
terior fossa tumors are uncommon in this age group. In some 
cases, the symptoms may be confused with more common 
conditions such as dementia (when cognitive complaints pre-
dominate) or cerebrovascular disease (when neurologic defi-
cits develop acutely). The presenting symptoms may be 
subtle, particularly if the tumor is located in a clinically 
“silent” area of the brain such as the anterior frontal lobe or 
if it grows slowly (as is often the case, for example, with 
meningiomas). Tumor symptoms may present acutely, as 
with a seizure or hydrocephalus, when the flow of cerebro-
spinal fluid is suddenly blocked by the tumor.

Figure 87.1  Magnetic resonance imaging (MRI) scan of a glioblastoma. 
(a) T1-weighted axial image shows a hypointense lesion involving  
the right parieto-occipital lobe and corpus callosum, with (b) central 

necrosis and peripheral enhancement following gadolinium administra-
tion. (c) T2-weighted image shows hyperintense signal and mass effect 
upon the ventricular system.
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Diagnosis

Most brain tumors in the elderly are now identified by neu-
roimaging with computed tomography (CT) or magnetic 
resonance imaging (MRI) scans (Fig. 87.2). Although these 
modalities are critical for tumor detection and often suggest 
the correct histologic diagnosis, tissue sampling is generally 
required before treatment can be initiated. These noninvasive 
tests are usually well tolerated by the elderly patient, but 
renal function may be adversely affected by iodinated con-
trast agents used in CT scanning. Elderly patients with 
impaired renal function may also be at risk for nephrogenic 
systemic fibrosis when they receive gadolinium-based con-
trast agents for MRI scanning [34]. In addition to CT and 
MRI, angiography may play a role in defining the vascular 
supply of tumors such as meningiomas, although in the 
elderly patient, the procedural risks may outweigh the bene-
fits of any information gained [35]. In many instances, non-
invasive vascular imaging with CT or MR angiography may 
be sufficient.

The use of diagnostic imaging is of particular interest in 
the elderly, as its increased use in western countries has been 
proposed as one of the reasons for the reported increase in 
brain tumors among the elderly in the 1970s and 1980s. An 
intriguing population-based study recently reported inciden-
tal findings detected on brain MRI scans obtained in nearly 
8,000 individuals [36]. Among the abnormalities observed 
were benign tumors (1.6%), pituitary macroadenomas 

(0.3%), vestibular schwannomas (0.2%), and one possible 
low-grade glioma (<0.1%). The benign tumors were mostly 
composed of meningiomas, and these ranged in diameter 
from 5 to 60 mm. There was also one case of multiple brain 
metastases in a patient with a history of lung cancer. The 
largest proportion of incidental meningiomas was discovered 
in subjects aged 75–97  years (Table  87.3). A continued 
examination of the incidence of brain tumors in elderly 
patients in relation to the proportion diagnosed solely by 
means of radiology will be of interest in the coming years.

Surgery

Unlike for PCNSL, in which the surgeon’s role is limited to 
biopsy for tissue diagnosis, surgery is a critical component 
of treatment for gliomas. Surgical options that are frequently 
considered include gross total resection, partial resection, 
and stereotactic biopsy. Unfortunately, data to guide surgical 

Table 87.3  Distribution of incidental findings on brain MRI according 
to age

Finding

Age (years)

45–59 
(n=750)

60–74 
(n=993)

75–97 
(n=257)

Meningioma – n (%)   4 (0.5) 10 (1.0)   4 (1.6)
Infarct – n (%) 30 (4.0) 68 (6.8) 47 (18.3)
Source: Data from Vernooij et al. [36]

Figure  87.2  Molecular changes associated with glioma progression. 
PDGF/R platelet-derived growth factor/receptor, LOH loss of heterozy-
gosity, CDK cyclin-dependent kinase, Rb retinoblastoma, PTEN phos-
phate and tensin homolog deleted on chromosome 10, EGFR epidermal 

growth factor receptor, MDM2 murine double minute 2 (from Tysnes 
and Mahesparan [28]. Reprinted with kind permission from Springer 
Science+Business Media).
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decision-making are limited. There are no published studies 
that examined survival rates and quality of life among elderly 
patients with brain tumors by type of surgical management. 
Furthermore, there are no prospective, randomized trials of 
surgery for this age group. Despite limited data, the standard 
of care for most patients with GBM involves maximal safe 
resection followed by radiation and chemotherapy [6]. Some 
meticulous retrospective data suggest a survival benefit for 
patients who undergo maximal surgical resection [37], but 
this result is somewhat controversial. Important issues to 
consider in deciding between biopsy and resection in all 
patients include tumor location (and especially proximity to 
eloquent brain), the patient’s general health, and degree of 
mass effect or midline shift. Stereotactic brain biopsy with a 
frame or frameless image-guided technique is safe, well tol-
erated, and typically requires only an overnight hospital stay. 
An important caveat is that biopsy allows for pathologic 
evaluation of a small portion of the tumor; according to one 
study, pathologic diagnosis (more often pathologic grade 
than histologic type) may change nearly half of the time if 
surgical resection is performed subsequent to biopsy [38].

The current literature uniformly reports age as the most 
significant variable correlated with survival, with a less 
favorable prognosis associated with increased age [39]. For 
this chapter, we reviewed data from the Connecticut Tumor 
Registry (CTR), which indicated that the overall 1- and 
5-year survival rates for individuals over the age of 70 diag-
nosed with GBM were 20 and 3%, respectively. This age 
group, therefore, shows 1- and 5-year death rates that are 
1.3- and 1.8-fold higher, respectively, than those of individu-
als diagnosed prior to 70  years, respectively. Within these 
CTR data, survival rates for individuals diagnosed with 
astrocytoma over the age of 70 are somewhat more encour-
aging, with 59 and 36% of these individuals remaining alive 
1 and 5  years, respectively, after diagnosis. These older 
patients are 1.3 and 2.7 times more likely to succumb to their 
disease at these time points than are individuals diagnosed 
prior to age 70, highlighting again the deleterious effect of 
age on outcome.

Despite the fact that elderly patients have less favorable 
survival rates, there is limited evidence that surgery benefits 
these patients if they are selected carefully [40]. For exam-
ple, the general medical condition and neurologic status must 
be considered. As would be expected, patients with poor 
Karnofsky performance status (KPS) scores, a measure of 
functional status (Table 87.4), do less well with respect to 
survival [14]. In general, elderly patients who undergo cran-
iotomy for primary brain tumor resection achieve longer sur-
vival than those who undergo biopsy [40], but this benefit is 
complicated by intraoperative and postoperative mortality 
and morbidity rates, which exceed those in younger individ-
uals [41]. Additionally, most studies that report better out-
comes for elderly patients who undergo craniotomy are 

susceptible to selection bias, as the patients in these studies 
often have multiple favorable prognostic factors, age being 
the sole exception.

The specifics of surgical treatment vary according to his-
tologic subtype and location of the lesion within the CNS. 
Most primary brain tumors in the elderly are located supraten-
torially, particularly in the cerebral hemispheres, making a 
surgical approach feasible. In general, if a tumor is surgically 
accessible (i.e., not deeply placed in such regions as the 
brainstem or hypothalamus), surgical resection appears to 
offer the greatest overall benefit to most patients (both young 
and old) with respect to survival and quality of life, as mea-
sured by the ability to function independently. A study by 
Kelly and Hunt examined a retrospective, consecutive series 
of 128 patients diagnosed with GBMs at 65–83 years of age 
(mean age 71 years) [42]. The study compared survival rates 
for individuals undergoing stereotactic biopsy with those 
undergoing stereotactic gross resection. The two groups did 
not differ significantly with respect to age, KPS score, or pre-
senting symptoms. Individuals with brainstem, callosal, or 
thalamic tumors were treated primarily by biopsy rather than 
gross resection. The authors reported that the mean survival 
times in the biopsy and resection groups were 15.4 and 
27.0  weeks (p=0.01), respectively. Of note, approximately 
20% of elderly patients undergoing resection survived 
beyond 1 year. As is noted by the authors, patients were not 
randomly assigned to treatment groups; hence the assign-
ment to treatment group and baseline expected survival are 
likely to be correlated. In addition, because of the small sam-
ple size, more sophisticated multivariate analyses could not 
sort out the interplay between treatment, irradiation, tumor 
location, and other variables.

Surgery has long been considered the treatment of choice 
for most meningiomas, as surgery alone is curative in most 
cases. In order to achieve cure of a benign meningioma, the 
tumor must be completely resected in addition to its dural 
attachment and infiltrated bone [43]. In 1957, Simpson 

Table 87.4  Karnofsky performance status (KPS) score

Score Interpretation

100 Normal
90 Normal activity; minor signs or symptoms
80 Normal activity with effort; some signs or symptoms
70 Cares for self; unable to do normal activity or active work
60 Requires occasional assistance, but cares for most personal 

needs
50 Requires considerable assistance and frequent medical care
40 Disabled; requires special care and assistance
30 Severely disabled; hospital admission is indicated but death 

not imminent
20 Very sick; hospitalization necessary; active supportive 

treatment necessary
10 Moribund; fatal processes progressing rapidly
0 Dead
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proposed a widely used five-level grading system that is 
based on the extent of surgical resection; Simpson grade 1 
and 2 tumors are synonymous with gross total resection, 
although classification as grade 2 allows the dura to be left 
behind with reliable coagulation of the dural attachment. 
Advanced surgical techniques including image guidance and 
intraoperative imaging have increased the proportion of gross 
total resections in recent years [44]. Experimental approaches 
to optimize surgical resections such as laser-induced fluores-
cence spectroscopy [45], radioimmunoguidance [46], or 
intraoperative photodynamic diagnosis with 5-aminolevu-
linic acid [47] may prove useful in the future.

In an older series of 657 patients with surgically resected 
benign meningiomas, the recurrence rate at 20  years was 
19% [48]. Comparable data have not been published for 
patients treated with modern neurosurgical techniques. Gross 
total resection results in a 5-year overall survival of approxi-
mately 85% and 5-year progression-free survival of approxi-
mately 90% for benign meningiomas [49]. Approximate 
recurrence rates for benign tumors that are incompletely 
resected are 30, 60, and 90% at 5, 10, and 15 years, respec-
tively [43]. High recurrence rates are observed when atypical 
and malignant meningiomas are treated with surgery alone.

Although surgery may be curative, management decisions 
for patients with meningiomas must account for a variety of 
factors including patient age, performance status, tumor size 
and location, history of tumor growth, peritumoral edema, 
and symptoms. Small retrospective studies have recently 
attempted to quantify the growth rate of meningiomas during 
serial radiographic observation, but no large studies are avail-
able to allow for the prediction of growth either overall or by 
age. Many benign meningiomas are slow growing, although 
there is substantial variability in growth rates that cannot be 
reliably predicted using clinical factors [50, 51].

Radiation Therapy

Data show that individuals who receive radiation therapy 
after surgical resection for gliomas have an increased sur-
vival time relative to those who undergo surgery alone (with 
or without chemotherapy). The extent to which radiation 
therapy is effective, however, is once again dependent on 
age, with elderly individuals (defined in most studies as more 
than 60 years) faring less well [7]. Data from the CTR indi-
cate that 44% of individuals diagnosed with all types of pri-
mary brain tumors over the age of 69 received radiation 
therapy. For those over the age of 69 years diagnosed with 
GBM or astrocytoma, data from the CTR indicate that there 
is no benefit from radiation therapy with respect to survival 
time. This differs from what is reported for younger indi-
viduals within the registry. For example, among patients 

diagnosed with astrocytoma, those under 70  years of age 
who received radiation therapy had a survival time that was 
1.33 times that of individuals who did not receive radiation 
therapy. Among patients diagnosed with astrocytoma who 
were 70 years of age or more, those who received radiation 
were less likely to survive than were those who did not 
receive such therapy. Although these data are intriguing, the 
statistics obtained from them must be interpreted with cau-
tion because there are insufficient data to explain these 
results.

The negative influence of age on outcome and survival in 
GBM patients is so pervasive it has led many clinicians and 
researchers to adjust treatment protocols for elderly patients 
in an effort to minimize the time spent in treatment, particu-
larly when survival is estimated to be less than 6 months. For 
example, standard radiation therapy for a glioma is delivered 
in 1.8–2.0 Gy fractions with five treatments each week for 
a period of 6–7 weeks, with a total radiation dose of 60 Gy. 
A variety of abbreviated radiation schedules have been 
tested. In an important recent study, 100 newly diagnosed 
GBM patients who were at least 60 years old were random-
ized to standard radiation (60 Gy over 6 weeks; n=51) or a 
shorter course (40 Gy over 3 weeks; n=49) [52]. The groups 
were similar with respect to age, KPS, extent of surgical 
resection, quality-of-life, and time to start of radiation 
therapy. Median survival from the time of diagnosis was 
5.9 months for the standard radiation group and 6.1 months 
for the abbreviated radiation group (p=0.61). Survival at 
6 months was also similar. The trial measured health-related 
quality-of-life and found no difference between the groups. 
On the basis of these results and similar results obtained 
from a number of retrospective analyses, we routinely treat 
elderly GBM patients with abbreviated radiation therapy at 
our institution.

Given uncertainty about the benefit of radiation therapy 
for malignant glioma patients 70  years of age or older, a 
French group recently reported results from a trial in which 
patients were randomized to supportive care with or without 
radiation therapy (50 Gy over approximately 6 weeks) [8]. 
Patients had KPS scores of 70 or higher. The trial was stopped 
at the first interim analysis after 85 patients were enrolled. 
Patients in the two treatment groups were similar with respect 
to age, KPS, type of surgery, and use of corticosteroids. At a 
median follow-up of 21  weeks, 90% of patients had suc-
cumbed to the disease. The hazard ratio for death in the radia-
tion group was 0.47 (p=0.002), indicating a 53% relative 
reduction in the risk of death compared with patients who 
received supportive care alone. Median overall survival was 
29.1 weeks in the radiation group as compared to 16.9 weeks 
with supportive care alone. Progression-free survival was also 
significantly prolonged by radiation therapy. After adjusting 
for other predictors of survival, the hazard ratio for death in 
the radiation group was 0.42. Another interesting observation 
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was that the extent of surgery (gross total vs. partial resection 
or biopsy) was associated with survival (hazard ratio for death 
among patients who underwent gross total resection, 0.49; 
p=0.005). There were no differences in health-related quality-
of-life associated with the addition of radiation therapy. These 
data convincingly demonstrate that elderly patients with good 
performance can benefit from radiation therapy.

While surgery is often the only treatment modality 
required for readily accessible meningiomas of the cerebral 
or cerebellar convexity, meningiomas that occur in many 
other locations cannot be completely resected without sig-
nificant morbidity. Parasagittal tumors often abut or invade 
the sagittal sinus, generally requiring the surgeon to leave 
behind a margin of tumor tissue [44]. Other technically dif-
ficult regions include the cavernous sinus and clivus. 
Additionally, atypical and malignant meningiomas may have 
high recurrence rates following even gross total resection. 
Radiation therapy has a role in meningioma management 
when gross total resection cannot be safely achieved or when 
tumors recur following surgery; radiation is routinely pro-
vided as adjuvant therapy following resection of atypical and 
malignant meningiomas [53].

Published data regarding the use of radiation for menin-
giomas comprise primarily single-institution retrospective 
series of variable quality. These studies often include hetero-
geneous patient populations and are susceptible to selection 
bias. However, there is nearly universal agreement that radia-
tion improves local control. In most modern reports, radia-
tion doses of 50–55 Gy are provided in 1.8–2.0 Gy fractions 
to the gross tumor volume and a margin of variable size. 
Five-year progression-free survival for benign meningiomas 
treated with radiation following incomplete resection is at 
least 80% and may be higher than 95% [54]. Fractionated 
radiation with three-dimensional conformal planning or 
intensity-modulated radiation therapy [55] has reduced radi-
ation dose to normal tissues, and toxicity rates of less than 
2% are generally reported [56].

Stereotactic radiosurgery (SRS) is a technique of external 
irradiation that utilizes multiple convergent beams to deliver 
a high single dose of radiation to a discrete treatment vol-
ume, usually less than 3–4  cm. Radiosurgery can be per-
formed with high energy X-rays produced by a linear 
accelerator, with gamma radiation, and with charged parti-
cles such as protons. All of the stereotactic radiation tech-
niques produce a rapid fall-off of dose at the edge of the 
target volume resulting in a clinically insignificant radiation 
dose to normal nontarget tissue. Because many meningiomas 
are small, well-circumscribed, and easily identified on neu-
roimaging, they often represent excellent SRS targets.

Using SRS doses of 12–20 Gy to treat meningiomas as 
primary or adjuvant therapy, 5-year progression-free 
survival rates of 87–98.5% are reported; treatment-related 

complications depend, in part, on the treatment dose and 
occur in 2.5–13% of cases [57]. Typical toxicities include 
symptomatic edema following treatment or injury to adja-
cent cranial nerves. Vascular complications such as internal 
carotid artery occlusion following SRS for cavernous sinus 
meningiomas occur rarely. In an effort to reduce toxicity, 
fractionated stereotactic radiotherapy (FSR) has also been 
evaluated in meningioma therapy. Potential advantages of 
FSR include the ability to treat tumors larger than 3–4 cm 
and tumors that are in close contact with critical structures 
such as cranial nerves, blood vessels, or the brainstem. At 
this time, there is no published data to suggest that one ste-
reotactic radiation approach is superior. In the only reported 
comparative evaluation of FSR and SRS, there was no clear 
difference with respect to local control, toxicity, and impact 
on neurologic function [58]. However, interpretation of the 
results must take into account the differing indications for 
FSR and SRS treatment. Fractionation should generally be 
considered for tumors larger than 3–4 cm or those that are in 
close proximity to critical structures [57].

Chemotherapy

The first randomized clinical trials of chemotherapy for malig-
nant gliomas studied nitrosoureas (carmustine [BCNU] and 
lomustine [CCNU]), lipid-soluble agents that readily cross the 
blood–brain barrier (BBB). These studies suggested that che-
motherapy prolongs survival to a limited extent [59, 60]. 
However, they were limited by important methodological 
issues such as small sample size, failure to stratify patients 
according to histologic subtypes, and variable response crite-
ria. Subsequent meta-analyses in 1994 and 2002 confirmed 
that chemotherapy provides a modest survival benefit (a 
6–10% increase in 1-year survival) for patients with malignant 
glioma [61, 62]. In light of these data, most newly diagnosed 
malignant glioma patients in the USA received adjuvant che-
motherapy. Frequently prescribed regimens were BCNU 
monotherapy or PCV (procarbazine, CCNU, and vincristine).

A new standard of care emerged in 2005 with the publica-
tion of a large, randomized, phase III trial that included 573 
newly diagnosed GBM patients from 85 centers in Europe 
and Canada [6]. All patients underwent maximal feasible 
resection and standard radiation therapy (60  Gy over 
6  weeks); they were randomized to receive temozolomide 
chemotherapy or no chemotherapy. Temozolomide is an 
orally bioavailable alkylating agent that readily crosses the 
BBB and in the majority of patients produces only mild 
adverse effects. Fewer than 10% of patients experience sig-
nificant myelosuppression. Patients randomized to the che-
motherapy arm received radiotherapy with concurrent 
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temozolomide at a dose of 75  mg/m2/day. After a 4-week 
break, patients received six cycles of adjuvant temozolomide 
(150–200 mg/m2/day for 5 days during each 28-day cycle). 
Median survival improved with temozolomide therapy from 
12.1 to 14.6  months, and the 2-year survival rate also 
improved markedly from 10.4 to 26.5% (p=0.001).

Patients included in this landmark study by Stupp et al. 
were between 18 and 70 years of age (median 56). Therefore, 
these data leave unanswered the question of whether adding 
chemotherapy to radiation therapy and surgery is beneficial 
among elderly patients. No randomized data have been pub-
lished to date, but some reports are informative. In a recent 
analysis, patients treated in the study reported by Stupp et al. 
were classified according to a modified version of the 
Radiation Therapy Oncology Group recursive partitioning 
analysis (RPA) classification [63]. The RPA model was 
developed to help stratify patients into homogeneous groups 
with similar prognoses for the purposes of comparison 
between clinical trials [9]. The modified version developed 
for retrospective analysis of the Stupp et  al. trial included 
age, World Health Organization (WHO) performance status, 
extent of surgery, and mental status (Table 87.5). Because all 
patients in the study had GBM as opposed to anaplastic 
glioma, they were classified into RPA classes III–V. For RPA 
classes III, IV, and V, survival times were 17, 15, and 
10 months, respectively. The benefit of chemotherapy was 
statistically significant for patients in RPA classes III and IV. 
For patients in RPA class V, however, the survival difference 
between the treatment arms was marginal. Median survival 
was 10 months for patients who received chemotherapy as 
compared to 9  months for patients who received radiation 
therapy alone (p=0.054). Since all the patients in class V 
were 50 years of age or older, this suggests that the benefit of 
chemotherapy for older patients is uncertain [63].

In a retrospective series, 43 patients 65 years or age or 
older (median 67) were treated after surgery with radiation 
and concurrent low-dose temozolomide (50–75  mg/m2). 
A small subset of patients also received adjuvant temozolo-
mide. Median survival was 11 months and depended on the 
extent of resection and RPA class. All but five patients (88%) 

tolerated radiation and concurrent chemotherapy without 
significant toxicity. Given that most previous series of elderly 
GBM patients found median survival rates in the range of 
4–9  months, the authors conclude that concurrent chemo-
therapy is a reasonable consideration in the elderly popula-
tion. Results from other small retrospective series support 
this conclusion [64]. Some clinical trial data suggest that 
temozolomide chemotherapy alone following surgery may 
also have a role [65]. Because the published data regarding 
the use of chemotherapy in elderly patients involve small 
numbers of patients with variable age, performance status, 
extent of resection, timing and dose of radiotherapy, and 
dose and schedule of chemotherapy, it is challenging to col-
late the results and draw definitive conclusions. At present, it 
seems clear that chemotherapy may be useful for at least a 
subset of elderly patients. Future work will better define the 
characteristics of the patients who should be considered for 
aggressive medical treatment.

Another method of chemotherapy administration is inter-
stitial chemotherapy. This approach involves direct adminis-
tration of drug into the tumor resection cavity. The primary 
advantage is the ability to achieve high concentrations of 
chemotherapeutic agent at the site of the tumor with minimal 
systemic toxicity. Additionally, interstitial administration 
eliminates the problem of BBB penetration. Techniques that 
have been used include catheter implantation and placement 
of biodegradable polymer wafers impregnated with BCNU. 
The wafers are designed to release BCNU over several weeks 
after they have been placed on the surface of the tumor resec-
tion cavity. In a double-blind, randomized, phase III trial of 
240 newly diagnosed malignant glioma patients, patients 
received either conventional therapy (surgery followed by 
radiation therapy) with placement of a BCNU wafer or con-
ventional therapy with placement of an identical placebo 
wafer [66]. The median survival was significantly increased 
for the active wafer group (13.9 months) compared with the 
placebo wafer group (11.6  months). Adverse event rates 
were similar. Patients in this study were between 18 and 
65 years of age.

As is clear from the discussion, elderly patients are 
excluded from many clinical trials for malignant glioma. 
Similar exclusion of elderly patients is noted in data from the 
Connecticut Tumor Registry, which lists only 8% of patients 
over the age of 70 years as having received chemotherapy for 
treatment of a CNS tumor. This exclusion reflects an under-
lying belief that chemotherapy is not beneficial in elderly 
patients, a belief that may be correct but is not clearly sup-
ported by high-quality data.

As opposed to malignant glioma therapy, the role of che-
motherapy in meningioma therapy has largely been limited 
to treatment of tumors that recur after surgery and RT options 
are exhausted. Data obtained from small clinical trials and 

Table 87.5  Modified recursive partitioning analysis classes

RPA Class Criteria

III Less than 50 years of age and WHO PS 0
IV Less than 50 years of age and WHO PS 1–2

or
At least 50 years of age, at least partial resection, and 

MMSE score at least 27
V At least 50 years of age, biopsy only, and MMSE score 

less than 27
WHO PS World Health Organization performance status, MMSE Foley 
mini-mental status examination
Source: Data from Mirimanoff et al. [63]
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case series suggest that most chemotherapeutics have 
only minimal activity against meningiomas, although prom-
ising investigational medical therapies include somatostatin 
receptor agonists [67] and inhibitors of angiogenesis. In the 
case of PCNSL, methotrexate-based chemotherapy regimens 
represent the mainstay of therapy. Blood–brain barrier pen-
etration by methotrexate is limited, so high-dose systemic 
treatment (4–8  g/m2) is required to achieve cytotoxic 
levels in the nervous system. When methotrexate-based 
chemotherapy is combined with whole brain RT, 2-year 
survival is observed in 43–73% of patients, and median sur-
vival is reported in the range of 30–60 months [68]. Because 
of treatment-related neurotoxicity rates as high as 25%, there 
has been growing interest in methotrexate-based chemother-
apy alone without radiation. Small studies reveal promising 
results with median overall survival of 4–5  years [69]. At 
present, most centers that care for patients with PCNSL pro-
vide methotrexate-based combination chemotherapy regi-
mens with or without radiation. The use of additional 
chemotherapeutic agents and intrathecal chemotherapeutics 
varies from center to center.

Corticosteroids

Steroid therapy is a useful adjunctive therapy for treatment 
of CNS tumors in patients of all ages. It may be particularly 
beneficial in older patients when surgical or additional treat-
ments are deemed unwise [70]. The most frequently used 
steroid, dexamethasone, may be given intravenously or 
orally. Typically, the initial dose is approximately 10  mg, 
with maintenance doses of 2–6 mg every 6–12 h thereafter. 
The medication works by reducing vasogenic edema; clini-
cal response and neurologic improvement are generally seen 
within 24 h. Although complications do occur (hyperglyce-
mia, impaired wound healing, and gastrointestinal ulcers), 
the benefits often outweigh the risks, particularly with respect 
to quality of life.

It is important to note that corticosteroids alone may pro-
voke rapid, dramatic tumor responses in as many as 40% of 
PCNSL patients [71]. The responses are almost always short-
lived, but they can be problematic when they occur prior to 
definitive diagnosis. Because steroids result in lymphocyte 
apoptosis, such treatment can dramatically reduce diagnostic 
yield, regardless of diagnostic modality employed. Even ste-
reotactic biopsy may be nondiagnostic in a patient who has 
been treated with a single large dose of dexamethasone. Of 
course, steroid administration may be mandatory in a patient 
who presents with decreased level of consciousness due to 
mass effect. In this case, definitive diagnosis may be delayed 
by weeks or months.

Metastatic Brain Tumors

Secondary, or metastatic, brain tumors represent the majority 
of brain tumors in the elderly, with intracranial metastases 
occurring in approximately one-third of individuals initially 
diagnosed with a systemic malignancy. The prevalence of 
brain metastases is rising because of improved survival of 
cancer patients thanks to therapeutic advances, the aging of the 
population, and enhanced detection of clinically silent lesions. 
Among the elderly, the most common origins of brain metas-
tasis include lung cancer (50%), breast cancer (15–20%), and 
melanoma (10%). The next most frequent sources include 
renal cancer, colorectal cancer, lymphoma, and tumors of 
unknown primary. Metastases from breast, colon, and renal 
cell carcinoma are often single, while melanoma and lung 
cancer have a greater tendency to produce multiple metasta-
ses. MRI studies suggest that single metastases account for 
one-third to one quarter of patients with brain metastases. 
This is important because SRS is effective only in patients 
with a limited number of metastases.

Brain metastases are associated with a poor prognosis. 
Depending on the patient’s age, functional status, extent of 
systemic disease, and number of metastases, median survival 
ranges from 2 to 14  months. Therapeutic modalities that 
may be used singly or in combination include surgery, SRS, 
whole brain RT, and chemotherapy. The optimal combina-
tion of therapies for each patient depends on the consider-
ation of various factors including the location, size, and 
number of brain metastases; patient age, general condition, 
and neurological status; extent of systemic cancer; and the 
tumor’s response to past therapy and its potential response to 
future treatments. There are limited data to indicate whether 
survival differs by age group, although, in general, elderly 
patients do less well with respect to survival and quality 
of life.

Surgery

The goals of surgery are to provide immediate relief of neu-
rological symptoms due to mass effect, to establish a histo-
logical diagnosis, to provide local control of the metastasis, 
and if possible, to prolong survival. In general, surgery 
should be considered for patients with good prognostic fac-
tors when there is a single metastasis in an accessible loca-
tion, especially if the tumor is producing mass effect. This 
approach is based on the results of two prospective random-
ized trials [72, 73]. In both studies, reasonably functional 
patients with a single brain metastasis and well-controlled 
extracranial disease were randomized to receive stereotactic 
biopsy of the metastasis followed by whole brain RT versus 
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surgical resection followed by whole brain RT. Patients in 
the surgery plus radiation group had fewer local recurrences, 
improved survival (40 versus 15  weeks and 10 versus 
6 months), and better performance status than patients who 
received radiation alone. In addition, patients who had their 
single metastases removed remained functionally indepen-
dent longer (38 vs. 8 weeks) and had fewer recurrences at the 
site of the original metastasis (20 vs. 52%).

Radiation

Patients who are deemed poor surgical candidates because of 
multiple or inaccessible lesions or poor performance status 
are best treated with whole brain RT. Recent data indicate 
that SRS may have an important role in brain metastasis 
management and may be a viable alternative to surgery in 
some situations [74]. For example, SRS may be useful for 
small metastases not producing mass effect. It can also be 
used to treat lesions in the brainstem or eloquent areas with 
less risk than surgery. Additionally, because of the noninva-
sive, outpatient nature of SRS, it is associated with less mor-
bidity and may be a rational consideration in elderly patients. 
As is the case for conventional surgery, careful selection of 
patients is critical; patients without good prognostic factors 
are unlikely to benefit. Although the precise role for SRS 
remains to be defined by a randomized, prospective trial, 
many retrospective studies suggest that SRS outcomes for 
appropriately selected patients are equivalent to those 
achieved with conventional surgery.

Conclusions

Much of the reason for the poor prognosis noted in elderly 
patients diagnosed with primary brain tumors is related to 
the negative impact that neurologic deficits have on survival 
and the reduced capacity for recovery and adaptation present 
in the aged patient. Addition of other comorbid conditions 
(i.e., cardiac, pulmonary, renal, or musculoskeletal disease) 
associated with advanced age increases the risk of surgical 
intervention and reduces the systemic tolerance to radiation 
therapy and chemotherapy. As a result, elderly patients as a 
group are more likely to be functionally impaired by their 
disease than are younger patients; and they may have less 
capacity to withstand the adverse effects of therapy, poten-
tially limiting their treatment options. The negative influence 
of age on outcome and survival in GBM patients is so perva-
sive that some have suggested it is not possible to demon-
strate any survival benefit from any treatment in patients over 
the age of 70 years.

Elderly Americans, however, are probably healthier and 
less disabled than they were perceived to be in the past. This 
is reflected in all aspects of society including the workplace 
where mandatory retirement restrictions are beginning to fall 
and more and more senior citizens enter or reenter the work-
force. Although as a group elderly patients may do less well, 
there may be a significant subset of individuals who benefit 
from treatment of their CNS tumors. These issues indicate 
that clinical trials examining the effect of various treatments 
for primary and metastatic brain tumors in the elderly are 
needed, including whether survival can be improved with 
less toxicity and morbidity. This issue remains controversial 
with respect to the cost/benefit ratio to society. For primary 
brain tumors, the effort would require multicenter trials, as 
reports of outcome are relatively rare. For metastatic lesions, 
the pool of eligible patients is much greater, allowing one or 
two centers to organize studies. The ability to mount such 
studies depends greatly on society’s willingness to accom-
modate the medical needs of its aging population within the 
framework of stressed medical resources.

Summary

Older individuals are more likely to be diagnosed with •	
primary brain tumors; among elderly patients with GBM, 
the most common primary malignant brain tumor in 
adults, median survival is reported to be in the range of 
4–9 months.
The diagnosis of a primary brain tumor in an elderly •	
patient is often suggested by results from a CT or MRI 
scan, but definitive diagnosis requires tissue confirmation.
Although outcome data are limited, elderly patients who •	
are healthy enough for surgery and have good perfor-
mance status may be good candidates for aggressive 
resection of primary brain tumors.
Radiation therapy and chemotherapy are important adju-•	
vant treatments for adults with gliomas, and recent data 
suggest that a subset of elderly patients may benefit from 
these interventions as well.
Corticosteroids are useful in managing brain edema •	
related to tumors in patients of any age.
The molecular pathogenesis of gliomas may differ in •	
young and old patients, suggesting that the optimal thera-
peutic approaches may also be different between the two 
populations.
Metastatic brain tumors are common and are associated •	
with a dismal prognosis in elderly patients.
In order to improve outcomes for elderly patients with •	
brain tumors, older individuals must be included in 
clinical trials of surgical, radiation, and medical 
treatments.
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Introduction

Spinal disorders and nerve compression syndromes of the 
elderly are common presenting complaints to both internist 
and surgeons. In fact, approximately 70% of all patients 
seeking medical attention have the complaint of back pain at 
one time in their life. More than 13% have pain lasting more 
than 2 weeks [1]. A directed history and physical examina-
tion and working knowledge of the spinal bony and neural 
anatomy are key elements for appropriate diagnosis and 
management. This chapter defines the major disorders affect-
ing the geriatric population and guides the surgeon in the 
diagnosis and treatment options for each disorder.

Anatomy

The spinal elements, cord and cauda equina are housed by 
the vertebral column consisting of 33 bony vertebrae. There 
are normally 7 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 
4 coccygeal vertebrae. The sacral and coccygeal vertebrae 
are fused. When viewed from the front, the spine is straight 
unless a preexisting or degenerative scoliosis is present. 
A lateral projection reveals a concave appearance to the cer-
vical and lumbosacral vertebrae from back to front and a 
convex appearance to the thoracic vertebrae. This arrange-
ment is referred to as cervical and lumbosacral lordosis and 
thoracic kyphosis [2]. Any reversal of this arrangement (e.g., 
cervical kyphosis) can be a clue to underlying pathology.

The spinal cord rests within the vertebral canal, which is 
normally triangular. The canal is guarded in front by the ver-
tebral body, from the side by pedicles, and posteriorly by the 
laminae and spinous processes (Fig. 88.1). The nerve roots 

leave the cord to become peripheral nerves through the 
neural foramen bounded by the pedicles above and below 
and by facet joints posteriorly. There are four facet joints 
associated with each vertebral level. The inferior facets lie 
posterior and medial to their superior counterparts, with 
which they interlock to provide motion and stability to the 
spine. In addition, between each vertebral body is a vertebral 
disc (Fig. 88.2). This structure acts as a shock absorber of the 
spine [2]. It is made up of an outer fibrocartilaginous ring, 
called the annulus fibrosis, and an inner gelatinous core; the 
nucleus pulposus. The intervertebral disc in the adult is avas-
cular. Nutrients are delivered to the cells within the disc by 
way of diffusion through the central portion of the vertebral 
endplate. Alterations in any aspect of these structures, be it 
disc, foramina, or facet joints, can be a cause of pain or nerve 
compression leading to arm or leg pain depending on where 
in the spine compression takes place.

Biomechanics

The healthy spine is responsible for protecting the spinal cord 
and absorbing the forces of axial loading. Tremendous com-
pressive forces act on the spine during everyday activities such 
as lifting and carrying. The osteoporotic spine often fails under 
these stresses, leading to compression fractures. Normally, six 
degrees of freedom are present between each vertebral body 
and the one below. Flexion, extension, right and left lateral 
bending, and clockwise and counterclockwise rotations com-
prise these motions [3]. Processes such as pain, trauma, and 
previous surgery impede spinal mobility and function.

Pathophysiology

Cadaver studies have shown that more than 70% of spines 
show signs of degeneration between 60 and 70 years of age. 
These findings may be localized to the disc, vertebral bodies, 
or facets; or they may involve combinations of structures [4]. 
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It is important to note that most patients with such 
anatomic changes, even when confirmed by radiography, are 
asymptomatic [5] (Fig. 88.3). The natural history of spinal 
aging is often related to a degenerative process separated 
into three distinct stages. The first stage involves degenera-
tive changes to the intervertebral disc, characterized by radial 
and circumferential tears of the annulus fibrosis. The aging 
disc loses its ability to retain water and these tears begin to 
propagate, leading to protrusion of disc material toward the 

spinal canal or neural foramina. Further disc injury can lead 
to frank extrusion of disc material. As the internal disruption 
of the disc continues, local instability places increasing 
stresses on the adjacent facets joints, which hypertrophy in 
an attempt to provide stability to the spine. When this occurs 
in the context of a disc herniation, there is an increasing 
chance of nerve root and/or cord impingement. Furthermore, 
excessive motion may occur between vertebral bodies, lead-
ing to a “slip,” or listhesis, of one body on the other. 
Depending on the extent of intervertebral disc pathology, lis-
thesis, or facet joint hypertrophy, clinical presentation can 
range anywhere from localized pain and radiculopathy to 
neurogenic claudication [3, 6, 7]. The clinician must know 
how to distinguish among these various processes.

Mechanisms of Back Pain

As mentioned, back pain can be related to various patho-
logic elements of the aging architecture. It may also be 
related to systemic manifestations such as tumor, infection, 

Figure 88.2  Model of the motion segment of the lumbar spine in the 
oblique plane showing the relations of soft tissues and bony elements. 
vb vertebral body, id intervertebral disc, p pedicle, nr nerve root,  
sf superior articular facet, if inferior articular facet, l lamina.

Figure  88.3  Seventy-five-year-old female had symptoms of spinal 
stenosis and degenerative disc disease. This lateral radiograph of the 
lumbosacral spine shows severe degenerative changes at the L2/L3 disc 
space, including disc space narrowing, vertebral body endplate sclero-
sis, neuroforaminal narrowing and traction osteophytes (arrows).

Figure 88.1  Bone window axial cut of a computed tomography (CT) 
scan of the lumbar spine showing the relation of the bony anatomy in 
the transverse plane. vb vertebral body, p pedicle, tp transverse process, 
sc spinal canal, f facet joint, l lamina, sp spinous process.
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or ankylosing spondylitis. Patients over age 60 with loss of 
appetite, fatigue, and night pain must be carefully evaluated 
for tumor or infection. Although rare, herpes zoster can cause 
back pain along a unilateral distribution prior to eruption of 
skin lesions. Back pain may be referred from renal colic, vas-
cular, or splenic pathology. Patients often confuse hip pain 
and back pain. Similarly, back pain may be a result of a limb 
length discrepancy or pelvic obliquity. Assessment of hip 
range of motion, crepitus, and the nature of the complaint 
can distinguish between the two. We believe that all geriatric 
patients who warrant radiographic evaluation of their back 
pain should also undergo anteroposterior (AP) pelvis radiog-
raphy to detect concomitant hip disease (Fig. 88.4). Lastly, 
back pain is known to have a large emotional component. 
Compensation workers and those involved in litigation 
cases often present with a back complaint for secondary gain 
[8–10]. Care must be maintained when labeling back pain as 
psychogenic; however, factors such as depression, especially 
in the elderly patient, may contribute and must be considered 
in the differential. A full history and physical examination is 
warranted to rule out organic pathology.

Specific Pathologic Entities  
of the Elderly Spine

Cervical Spine Degeneration

Cervical spine degeneration usually begins at age 45–55 and 
affects men more often than women. Any level of the cervi-
cal spine can be involved, but pathologic changes are most 
often seen at levels C5, C6, and C7. The predominating 
symptoms depend on the anatomic site of the disease (disc, 

facet, neural foramina). The three most common presenting 
complaints are neck pain (mechanical etiology), radicular 
pain (nerve root compression), and myelopathic symptoms 
(cord compromise). A combination of the three elements is 
often evident [11, 12].

Neck Pain/Mechanical Pain

Patients may present with a complaint of neck pain often 
exacerbated by motion. Fatigue exacerbates the condition 
and rest alleviates it. Pain and discomfort may be localized to 
the midline neck or radiate to the occiput causing headache. 
It may also radiate to the interscapular region. Patients may 
feel worse in cold weather, not unlike arthritis in other body 
areas. Chronic splinting may lead to overuse of surrounding 
muscles leading to pain in the sternocleidomastoid or deltoid 
region. Mechanical neck pain can easily be confused with 
shoulder pathology. A history and physical examination con-
sistent with discomfort with overhead activities is more 
likely to be related to rotator cuff pathology than cervical 
degeneration. The patient with rest or night pain, nonme-
chanical in nature, must be evaluated for the possibility of 
neoplasm or infection [13].

Physical examination can reveal midline tenderness to pal-
pation. Typically, the examiner notes pain with rotation to the 
right or left. Strength in the upper extremities is preserved, and 
reflexes are present in the biceps, triceps, and brachioradialis 
distributions. Appropriate studies for a patient with mechani-
cal symptoms include AP, lateral, and oblique radiographs. 
We also order flexion and extension views to detect any 
dynamic instability (Fig.  88.5). Radiographs typically show 
loss of disc height and possibly some mild loss of cervical 
lordosis. Arthritic changes in the facet joints may also be evi-
dent. It must be emphasized that such changes may be appar-
ent in the completely asymptomatic patient, and that correlation 
of clinical and radiographic findings is mandatory.

Treatment of mechanical-type neck pain without neuro-
logic involvement is almost always nonsurgical. First-line 
therapy involves use of a soft or hard collar in conjunction 
with a trial of nonsteroidal antiinflammatory drugs (NSAIDs) 
or a COX-2 inhibitor in an attempt to decrease the inflamma-
tory process. Most patients have considerable relief over a 
6-week period. Refractory cases can begin a physical therapy 
regimen with isometric neck and shoulder exercises followed 
by active strengthening. If 6 months of therapy does not sig-
nificantly alleviate symptoms, the patient can be considered 
for surgery. Any patient considered for surgery for mechani-
cal symptoms should receive an additional study such as 
magnetic resonance imaging (MRI) or computed tomogra-
phy (CT) of the neck to delineate the exact nature of the 
degenerative process. The mainstay of surgical management 
is fusion via an anterior or posterior approach. The patient 

Figure  88.4  This 83-year-old female presented with right buttock, 
groin, and anterior thigh pain. Although an MRI of her lumbar spine 
showed radiographic evidence of stenosis, her clinical examination was 
consistent with osteoarthritis of her right hip, as seen on this AP pelvis 
radiograph, and her symptoms were relieved with total hip arthroplasty.
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should be cautioned that the results of such surgery for pain 
relief are variable. In general, surgical management is 
reserved for all but the most refractory cases [14].

Radicular Neck Pain

Signs and Symptoms

The typical presentation of a patient with cervical radicul-
opathy is one of neck pain with radiation in the distribution 
of the affected nerve root. This pain may be acute in nature 
or develop slowly over time. The geriatric population usually 
presents with the latter, as the neural compression is related 
to narrowing of the neural canal from osteophyte formation 
(hard disc) and generalized loss of disc height rather than an 
acute disc herniation (soft disc). The patient often describes 
the pain as a burning or tingling sensation and sensory, motor, 
or reflex disturbances may or may not be present.

The area of radiation corresponds to the level of the neu-
ral compression. C4 compression affects the back of the 
neck; C5 the lateral shoulder and arm; C6 the lateral forearm, 
thumb, and index finger; C7 the middle finger; C8 the ring 
and little finger; and T1 the medial arm and forearm. These 
distributions are not exact, and there is a considerable amount 
of dermatomal overlap between the nerve roots. Patients 
often complain of exacerbation with particular motions: neck 
rotation and flexion toward the side of the arm pain and 
hyperextension of the neck. Furthermore, they may present 

with motor weakness in the upper extremity. This too, 
roughly corresponds to the level of neural compression. C5 
compression affects deltoid and biceps strength; C6 com-
pression, wrist extension, and biceps; C7 triceps and wrist 
flexion; C8 finger flexion; T1, grip strength.

Physical examination should assess neck motion, tender-
ness to palpation along the midline, and the neck muscles. 
The physician should document the area of burning or 
tingling down the arm and correlate it with dermatomal dis-
tributions. Muscle weakness should be noted in the upper 
extremity, and this too is correlated with the area of sensory 
abnormality. Pain in a particular muscle group must also 
be assessed. Reflex testing with a hammer can reveal 
diminished reflexes in the biceps, brachioradialis, and triceps. 
Spurling’s test (rotation and lateral bend toward the side of 
arm pain evokes increased symptoms) may be positive. In 
addition, holding the head and neck in extension can exacer-
bate symptoms. Placing the affected extremity with the palm 
of the hand on top of the head relieves the pain by expanding 
room for the neural elements [15].

Pathophysiology

As mentioned, radicular pain is secondary to compression of 
the exiting nerve roots from the neural foramina of the cervi-
cal spine. Recent studies have shown that mechanical forces 
may not be the only factor contributing to the development of 
pain. Stimulation of nerve roots by proinflammatory cytok-
ines released from the intervertebral disc may also play an 

Figure 88.5  Eighty-five-year-old 
male with symptoms of cervical 
spondylosis and stenosis. Flexion 
and extension lateral radiographs 
show evidence of dynamic 
instability (subluxation) of 4 mm 
of C7 on T1.
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important role in this regard. Although not fully understood, 
these chemical mediators, such as substance P, interleukins 1 
(IL-1), IL-6, bradykinin, and prostaglandins can evoke an 
inflammatory and painful response [16, 17].

Imaging

As with purely mechanical pain, plain radiographs are the  
first-line study. The oblique film should be studied care- 
fully, as it often demonstrates narrowing of a particular neural  
foramina and significant osteophyte. MRI or electrodiagnostic 
studies are reserved for surgical candidates. Axial and sagit-
tal cuts at the level of the neuroforamina can be particularly 
useful (Fig. 88.6).

Natural History

The natural history of this disease is not as favorable as for 
purely mechanical neck pain. Despite nonoperative measures 
it is estimated that 25% of patients with radicular complaints 
are left with severe symptomatology [18]. These patients may 
be considerably improved with surgical management [19].

Differential Diagnosis

Cervical radiculopathy can be mimicked by many other condi-
tions affecting the elderly population. Compressive neuropa-
thies (carpal tunnel syndrome or cubital tunnel syndrome) may 

lead to radicular-like symptoms. In addition, thoracic outlet 
syndrome, which represents compression of the brachial plexus 
or subclavian vessels from a cervical rib or hypertrophic sca-
lene muscles leading to symptoms in the medial arm and fore-
arm may present similarly to cervical radiculopathy [15]. 
Rotator cuff pathology may mimic a C5–6 radiculopathy. 
Multiple sclerosis may present with upper extremity sensory 
symptoms, such as tingling and weakness not following an ana-
tomic distribution. Amyotrophic lateral sclerosis may appear as 
an upper extremity weakness with preservation of sensation. 
Finally, spinal tumors occasionally present with radicular 
symptoms. A careful history concerning systemic signs and 
night pain or nonmechanical pain must be sought [20].

Nonoperative Management

Nonoperative management of cervical radiculopathy is simi-
lar to treatment of mechanical neck pain. Patients are begun 
on a regimen of antiinflammatory medications, which often 
decrease the inflammation of affected nerve roots and leads to 
significant pain relief. Selective Cyclooxygenase-2 (COX-2) 
inhibitors may decrease the incidence of gastrointestinal side 
effects, but in controlled studies for osteoarthritis, they do not 
appear to be any more efficacious than nonselective NSAID 
[21]. A soft collar can be provided for comfort, followed by a 
course of passive stretching exercises and active strengthen-
ing of the neck, shoulder, and arm when symptoms subside. 
Patients unresponsive to those measures can receive epidural 
steroid injections or selective nerve root injections at the 
level of neural compression. Surgery is reserved for 
patients who have unremitting pain for 3–6 months despite 
conservative measures or those with progressive neurologic 
deficit [22].

Surgical Management

Common indications for surgical management include unre-
lenting pain that fails to respond to conservative therapy 
or progressive neurologic deficits, such as weakness or 
numbness. All patients considered for surgical management 
should undergo preoperative MRI. This study can confirm 
the anatomic level of compression based on the location of 
the patient’s radicular symptoms. As mentioned, it is less 
likely in the geriatric population to have radicular symptoms 
due to an acute disc herniation than due to slowly evolving 
nerve root compression from the spondylitic process. Surgery 
must be aimed at decompression of the affected nerve roots. 
The most common operation for radiculopathy at a single 
nerve root level is a diskectomy and fusion from an anterior 
approach. The affected level of disc degeneration is removed 
completely, as are any visible osteophytes. Next, a piece of 
bone graft slightly larger than the original disc height is 

Figure  88.6  Eighty-one-year-old male with symptoms of cervical 
myeloradiculopathy. Axial cut MRI shows evidence of both central and 
foraminal stenosis (arrows).
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inserted into the former. This provides further enlargement 
of the neural foramina via distraction. If the graft is well 
impacted, no instrumentation need be placed; otherwise, a 
cervical plate can be used. The patient is placed in a postop-
erative collar for about 6 weeks. The goal here is solid bony 
fusion, which halts further degeneration and eliminates nerve 
root compression (Fig. 88.7).

Advantages of anterior discectomy, decompression, 
and fusion (ACDF) include complete access to the patho-
logic disc and bony spurring often found at the uncoverte-
bral joint. In addition, the anterior approach is associated 
with a very low complication rate, the wounds are cosmet
ically appealing, and there is little postoperative pain. 
Disadvantages include difficulty with speech and swal-
lowing in the acute postoperative period and an increased 
pseudarthrosis rate with multilevel decompression and 
fusion.

Decompression of affected nerve roots can also be accom-
plished via posterior approaches. With this procedure, small 
amounts of cervical lamina and facet are removed at the 
affected level. The surgeon may remove the offending disc 
material as well. As this procedure is less destabilizing than 
full diskectomy, no bony fusion is needed. It is important to 
avoid the posterior approach in a kyphotic cervical spine, as 
the spinal cord will continue to be tethered anteriorly leading 
to an inadequate decompression.

Results

The results of surgery for radicular symptoms are encourag-
ing. More than 90% of people can be effectively improved 
from their pain and discomfort. The best results have been 
obtained with anterior procedures, making it the recom-
mended choice. Posterior approaches are reserved for 
foraminal stenosis without a large disc herniation, failed 
anterior approaches, or for patients unable to undergo ante-
rior procedures for other reasons such as poor skin condi-
tion [20, 23].

Cervical Myelopathy

Cervical myelopathy involves compression of the cervical 
spinal cord (not exiting nerve roots) leading to classic symp-
tomatology in the geriatric population.

Signs and Symptoms

Although neck pain may be present, it is not as constant a 
feature as with mechanical or radicular compression. In fact, 
there is a wide spectrum of symptoms from paresthesia to 

Figure 88.7  Sixty-six-year-old female with symptoms of cervical myelopathy from large central disc herniation at C5/C6 on MRI (arrow), treated 
with anterior cervical discectomy and fusion with plate fixation.
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weakness and upper motor neuron signs. Patients can 
complain of an increasing loss of manual dexterity, typically 
described as difficulty with handwriting and fastening but-
tons on clothing. Often they may describe a vague weakness 
and numbness to the upper extremities. Lower extremity 
weakness is a frequent complaint; it leads to gait disturbance 
(wide based) with frequent falling and episodes of instabil-
ity. When advanced, bowel or bladder function may be 
affected. Physical examination should begin by noting the 
patient’s gait. A wide-based gait is typical. Patients may be 
unable to open and close a fist rapidly. Spasticity of the upper 
extremities is not uncommon. An objective weakness of the 
upper and lower extremities may be evident. Wasting of the 
upper extremity is possible in long-standing cases. Reflex 
changes are important in the myelopathic examination. 
Typically, the upper extremities are hyporeflexive and the 
lower extremities hyperreflexive. Bilateral Babinski reflexes 
are often noted. A positive Hoffman reflex (flexion of the 
thumb or index finger upon flicking the nail of the middle 
finger) is a classic test for cervical myelopathy. The “finger 
escape sign” may be evident. The patient holds his fingers in 
adduction and extension; if the ulnar two digits drift into 
abduction in 30–60 s, the test is considered positive [24]. An 
inverted radial reflex (hyporeflexive brachioradialis with 
involuntary contraction of the fingers) is another classic sign 
for C5 myelopathy. Lhermitte’s sign (cervical compression 
with flexion leading to an electric-like sensation in the upper 
and or lower extremities) is another such sign [20].

Pathophysiology

The etiology of the myelopathy is most often spinal cord 
encroachment secondary to a single or multilevel degenera-
tive process. The arthritic changes of the facets, bodies, 
uncovertebral joints, and ligamentum flavum impinge cen-
trally, leading to a reduced space available for the spinal 
cord. This process is usually slow and evolving, occurring 
over many years. Patients with a congenitally small spinal 
canal may develop symptoms more rapidly. A midline disc 
herniation can lead to the development of acute myelopathy, 
but this is uncommon except in those with congenitally nar-
row canals [25]. Pathoanatomic studies show that the degree 
of compression correlates with ischemia of neural tissue. 
Chronic histological changes include axonal demyelination, 
cell necrosis, and gliosis or scarring [26].

Natural History

Cervical myelopathy is a slowly progressive entity. Although 
most patients’ initial complaints do not warrant surgical 
intervention, once the onset of myelopathy has begun, epi-
sodic deterioration is the most common course, and 

surgical recommendation should be made. As many as 5% 
of patients have acute deterioration and require urgent 
intervention [27].

Imaging

Radiographic changes to the cervical spine associated with 
myelopathy are degenerative and typically found in patients 
above the age of 50. Initial studies include AP and lateral 
plain films of the cervical spine, which may have findings 
such as sagittal imbalance (kyphosis), coronal imbalance 
(scoliosis), disc space narrowing, osteophyte formation, and 
endplate sclerosis. Flexion-extension views are used to rule 
out instability. The space available for the spinal cord can be 
estimated on the lateral radiograph. A 13  mm distance 
between the back of the vertebral body and the back of the 
lamina at any given level is considered the lower limit of 
normal. Smaller distances are considered congenitally nar-
rowed and may predispose toward myelopathic symptoms. 
In some cases, OPLL (ossification of the posterior longitudinal 
ligament) (Fig. 88.8) can be visualized as a bar of bone pos-
terior to the vertebral bodies. MRI and myelography/CT 
scans of the cervical spine are invaluable for confirming the 
myelopathy. Axial cuts demonstrate the available room for 
the spinal cord as well as evidence of disc or osteophytes 
leading to canal narrowing. Sagittal MRI cuts can help deter-
mine the total number of cervical levels involved, extent of 
disc herniation, as well as the severity of disease from cord 
compression; myelomalacia or morbid softening of the spinal 
cord (Fig. 88.9).

Differential Diagnosis

All of the conditions listed for the differential diagnosis for 
cervical radiculopathy can mimic myelopathy as well. In 
particular, intra- or extradural tumors of the spine can lead to 
myelopathic symptoms. They are easily detected on the MRI 
scan. Furthermore, cerebellar pathology can lead to gait 
disturbance, as in myelopathy. Neurologic consultation 
should be considered if cerebellar pathology is considered 
the etiology of the gait disturbance [28].

Nonoperative Treatment

Patients can be started on a course of pain medication, physi-
cal therapy, and exercise modalities similar to patients with 
radiculopathy or mechanical symptoms. However, with 
increasing weakness, gait disturbance, or extremity pain, 
surgery is indicated. Furthermore, patients with any evidence 
of bowel or bladder disturbance secondary to cord compres-
sion should be considered for emergent decompression [22].
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Operative Treatment

Operative treatment of myelopathy focuses on decompression 
of the spinal canal to expand the space for the spinal cord. The 
procedure or approach depends on the nature and extent of 
pathology. If myelopathy is secondary to disc herniation or 
bony encroachment at one or two levels, the recommendation 
is anterior discectomy or corpectomy, decompression, and 
fusion. If the constriction is secondary to a congenitally nar-
row canal or encroachment at three or more levels, the decom-
pression should be performed posteriorly. This can be done 
via laminectomies, foraminotomies, or “open door” lamino-
plasty (Fig.  88.10), depending on the clinical indication. 
Posterior approaches that do not include stabilization are 
contraindicated in patients with preexisting cervical kyphosis. 
While operative indications are based on both radiographic 
findings and clinical symptoms, rarely a patient may have 
severe stenosis with minimal deficit. This is a relative indica-
tion for decompression as a single hyperextension injury can 
lead to paraplegia. Counseling is required at a minimum.

Results

Results of surgery for myelopathy are often related to the dura-
tion and severity of the disease. If it is secondary to single-level 
disease without major gait disturbance, about 90% of patients 
are improved surgically. If symptoms are long-standing, with 
profound weakness or gait abnormality, the degree of recovery 
is unpredictable. It is for this reason that myelopathic patients 

Figure 88.8  Sixty-two-year-old 
female with cervical myelopathy 
and findings of OPPL on both 
sagittal and axial MRI cuts 
(arrows).

Figure 88.9  Seventy-year-old male with cervical myelopathy and findings 
of myelomalacia of the spinal cord on T-2 weighted sagittal MRI (arrow).
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should be monitored aggressively and counseled early about 
the need for surgery with worsening symptoms [29–31].

Thoracic Degenerative Disease

Symptomatic disease in the thoracic spine is relatively 
uncommon in comparison to disease in the cervical and 
lumbar levels. The attachment of the ribs to thoracic verte-
brae convey an additional stability to the thoracic spine, lead-
ing to less bony and soft tissue changes to the thoracic spine 
with aging. When present, thoracic disc disease can be debil-
itating and on occasion requires emergent intervention. 
Additionally, diagnosis may be complicated as there is a high 
prevalence of incidental thoracic disc degeneration and 
herniation in the asymptomatic patient population [32–34].

Signs and Symptoms

Pain is the most frequent presenting complaint. The pain may 
be localized to the involved thoracic vertebrae (axial pain) or 
radiate in a dermatomal band-like fashion unilaterally or 

bilaterally around the chest wall. The T10 dermatomal level 
is the most common reported distribution of pain regardless 
of the location of disease [33]. Occasionally, the pain radiates 
to the lower extremity or hip region. Complaints of sensory 
abnormalities are the second most likely presentation. These 
may follow chest wall dermatomal patterns or manifest as 
paresthesias extending to the lower extremities. More con-
cerning is the occasional complaint of weakness, gait distur-
bance, and loss of bowel and bladder control. These patients 
must undergo an aggressive workup. The physical examina-
tion may be completely normal early in the course of disease. 
Later, diminished sensation testing to the affected chest wall 
dermatome may be apparent. Motor weakness, diminished 
rectal tone, clonus, hyperreflexia, and other upper motor neu-
ron signs (superficial abdominal reflexes or cremasteric 
reflex) may be noted in long-standing cases or with acute 
large disc herniations [8].

Pathophysiology

Degeneration in the thoracic spine is secondary to the same 
processes as in the cervical spine. Water loss to the disc with 
aging leads to incompetence of bony elements, including 

Figure 88.10  Axial CT bone window cuts of 60-year-old female with cervical stenosis treated with open door laminoplasty.
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the facets and bodies of affected vertebrae. Osteophytes may 
form, leading to impingement of nerve roots or if centrally 
located on the cord itself. With the loss of disc height, the 
ligamentum flavum may become buckled over time and con-
tribute to central impingement. Acute disc herniations can 
also occur and often lead to sudden onset of symptomatology 
[3, 6, 32]. As in the case with cervical or lumbar disease, the 
location of the disc herniation will dictate clinical presenta-
tion. Midline or paramedian herniations have the highest 
likelihood to precipitate myelopathic symptoms; radicular 
pain is often the result of lateral herniations.

Natural History

The natural history of thoracic disc disease is variable [32]. 
In the geriatric population a slow, gradual onset of symptoms 
is the most likely course. When not accompanied by motor 
signs or bladder or rectal incompetence, most patients 
respond well to nonsurgical treatment [35].

Imaging

Diagnostic imaging should begin with AP and lateral projec-
tions of the thoracic spine. These are often difficult to inter-
pret because of overlying structures but may show disc 
narrowing or calcification within an affected disc space. 
These radiographs may also show evidence of excessive 
kyphosis in the thoracic spine, a possible predisposition to 
symptomatic disease. These screening studies should also be 
used to rule out acute injury (fracture) or potential neoplastic 

lesion. MRI of the thoracic spine is currently the premier 
modality for evaluating suspected thoracic disc disease. 
Sagittal and axial cuts can determine the site of pathology 
(disc level, central, or foraminal) and bony vs. disc 
impingement (Fig.  88.11). It must be stressed that all 
radiographic findings must be closely correlated to the physi-
cal examination and patient complaints because the presence 
of an asymptomatic radiographic abnormality is quite 
common [36].

Differential Diagnosis

A number of conditions can mimic thoracic disc disease, 
including neurologic conditions (amyotrophic lateral 
sclerosis, multiple sclerosis) and infectious causes of back 
pain (e.g., discitis, osteomyelitis). Spinal tumors or dural 
arteriovenous malformations can have similar presentations 
[32]. Herpes zoster often appears as a unilateral dermatomal 
chest wall pain band prior to the onset of the classic rash [8]. 
It is especially prevalent in the geriatric population. Cardiac 
or pulmonary disease refers to the posterior chest wall on 
occasion.

Nonoperative Treatment

Avoiding precipitating flexion or extension motions (activity 
modification) is the first-line therapy. Patients may be begun 
on NSAIDs for pain relief, which often relieves the occa-
sional pain and discomfort. In the acute phase, the rehabilita-
tion should consist of modalities such as heat, ice, and 

Figure 88.11  Sixty-year-old 
male with symptoms of thoracic 
level myelopathy from large 
central disc herniation obliterat-
ing space available for spinal 
cord at T10/T11.
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massage. More aggressive therapy is initiated after this 
period to promote range-of-motion, flexibility, and strength. 
A trial of brace immobilization can be suggested in more 
refractory cases. Patients must be monitored for develop-
ment of motor weakness or bladder/bowel symptoms. These 
patients should be seriously evaluated for surgical therapy.

Operative Treatment

Patients manifesting motor weakness, bladder symptoms, 
and other upper motor neuron signs are candidates for surgi-
cal therapy. Patients with pain unresponsive to nonoperative 
modalities are also appropriate for surgical management. A 
preoperative MRI scan or myelography followed by CT scan 
is mandatory in all surgical cases. Surgery involves remov-
ing the offending disc, ligament, or bony material. The 
approach and technique depend on the level of pathology and 
the surgeon’s familiarity with the surgery. Approaches 
include transternal, transpedicular, costotransversectomy, 
transthoracic [37], or thoracoscopic [38]. Thoracic spine sur-
gery is among the most challenging operations performed by 
the spine surgeon. Appropriate intraoperative neural moni-
toring and consultation with a thoracic or vascular surgeon 
can ensure a more predictable result.

Results

Results of surgery are often dependent on the severity and 
duration of the complaint. Acute-onset weakness secondary 
to thoracic herniation offers a good chance of restoring neu-
rologic function if dealt with emergently. More than 75% of 
patients are significantly relieved of their pain and discom-
fort [39]. Surgery for long-standing weakness or bladder 
dysfunction may halt the progression of the disease but does 
not restore full, premorbid function.

Lumbar Degenerative Disease

Low back pain in the elderly ranks as one of the most fre-
quent complaints of patients presenting to internists and fam-
ily practitioners. Attention must be paid to the nature of the 
pain, its duration, and its aggravating and mitigating factors. 
Conditions with back pain only, such as degenerative disc 
disease, must be distinguished from conditions affecting the 
lower extremities such as sciatica and lumbar spinal stenosis. 
Referred pain to the back from abdominal, retroperitoneal, or 
vascular pathology is not infrequently found in the elderly 
population and must be discerned via an accurate history and 
physical examination [40].

Degenerative Disc Disease/Mechanical  
Back Pain

With aging, the lumbar spine alters its original architecture. 
The aging disc loses height as its water content decreases. 
Disc space height between adjacent vertebrae diminishes, 
most commonly at L4–5 [8]. This leads to incompetence of 
the bony elements of the lumbar spine and increased micro-
motion between adjacent vertebrae. Osteophytes develop at 
the facets and along the vertebral body itself [41] (Fig. 88.12). 
Additionally, the paraspinal musculature becomes affected 
and may tend toward reflex spasm.

The typical patient with degenerative disc disease offers a 
history of chronic back pain with pain-free intervals. This 
point is important for distinguishing this condition from 
tumor, infection, or other systemic processes. The pain is 
localized to the lower back with some radiation across the 
midline or upper buttock, but it does not radiate to the lower 
extremities. Patients often relate morning stiffness with a 
decrease in symptoms as the day progresses. Rest or recum-
bency relieve the pain, and certain activities or motions tend 
to exacerbate it. Often, sitting in a firm chair that tends to 
stabilize the spine relieves pain, whereas sitting in a soft cush-
ioned seat sags the lumbar spine and increases discomfort. 

Figure 88.12  Seventy-year-old female with symptoms of lumbar spi-
nal stenosis and evidence of traction osteophytes (arrows) present at 
both L3/L4 and L4/L5 on this lateral lumbosacral spine radiograph.



1176 A. Yaghoobian and J.M. Olsewski

Pain may be present during exercise but often is more 
pronounced several hours after activity or the next morning.

The physical examination should note the presence of 
scoliosis, spinal range of motion in flexion and extension, 
bending, and lateral rotation. The abdomen should be 
inspected for muscle tone, which is often diminished, and the 
presence of any masses, suggestive of intra-abdominal 
pathology. Tenderness along the affected region of the spinal 
column is not uncommon. Asking the patient to maintain a 
semiflexed position often leads to exacerbation, as does ask-
ing the patient to drop down on his or her raised heels. Of 
note, reflexes are normal, full strength of the lower extremi-
ties is present, and no clonus or other upper motor neuron 
signs exist.

First-line imaging studies are AP and lateral radiographs 
of the lumbosacral spine and an AP view of the pelvis to help 
distinguish the presence of coexistent hip disease. If symp-
toms have been of short duration, less than 6 weeks, radio-
graphs need not be obtained, as management will not differ 
based on their findings. Furthermore, the degree of symp-
tomatology has limited correlation with the radiographic 
findings. As mentioned, narrowing at the L4–5 level is most 
common, but patients may also have extensive evidence of 
multilevel disease with severe arthrosis and little or no symp-
tomatology [42].

Treatment for mechanical back pain is predominantly non-
surgical. A short duration of bed rest, 2  days, may be pre-
scribed in conjunction with administration of NSAIDs to 
decrease the inflammatory component. Exacerbating motions 
are to be avoided. Next, a physical therapy regimen should be 
instituted. Strengthening of the abdominal musculature can 
relieve stress on the paraspinal muscles and vertebral column.

Extension exercises of the lumbar spine are often helpful 
for pain relief. Flexion exercises in select patients are of ben-
efit but may lead to increased pain. A holistic aerobic recon-
ditioning program should be instituted to ensure a more 
adequate overall physical profile.

Many patients obtain significant relief from lumbosacral 
corset or brace wear during symptomatic periods. Other 
modalities include massage, trigger-point injections, and 
ultrasound therapy. Most patients obtain significant pain 
control and improved functional abilities through the use of 
such nonoperative modalities.

Surgery is only rarely indicated for this condition. Patients 
with unremitting pain unresponsive to other modalities can 
be considered. A secondary study, such as MRI or discogra-
phy, should corroborate the patient’s symptomatology. 
Secondary gain factors such as workmen’s compensation or 
other litigation portends a poor surgical result. The clinician 
must be sure that a concomitant psychological disorder is not 
present. The surgical procedure is a solid arthrodesis of the 
spine most commonly from a posterior approach. Posterior 
fusion techniques, however, are numerous and can include 
anything from a posterolateral to interbody approach. The 

benefits of interbody techniques include a midline fusion 
mass and a large bony surface area, which are associated with 
a decreased incidence of pseudoarthrosis. Interbody fusion 
can be further broken down to anterior, posterior, lateral, or 
transforaminal approaches; and which is selected depends on 
the pathology the surgeon is addressing. It can be accom-
plished with or without the use of instrumentation. The theory 
behind this procedure is to stop motion at the level of the 
degenerated disc. In the appropriately selected patient, pain 
relief can be expected 50–80% of the time [43–45].

Sciatica

Sciatica is a general term referring to irritation of lumbar or 
sacral nerve roots (or both) leading to back pain with radia-
tion down the leg. The most common cause is from protru-
sion, extrusion, or sequestration of an intervertebral disc. 
The site of pain and numbness depend on the nerve root 
involved and the site of involvement. Patients are generally 
30–50 years old upon presentation, but the elderly can also 
be affected with this entity.

Signs and Symptoms

If presenting acutely, patients often recall a straining or twist-
ing event to the back, such as lifting a heavy object. Motor 
vehicle accidents can also lead to acute herniations. The 
injury leads to intense pain in the back, followed by pain and 
numbness in the lower extremities. Over the next several 
days the back pain becomes less intense, and the lower 
extremity symptoms predominate. Activities such as bend-
ing, walking, and exercise exacerbate the symptoms, whereas 
lying supine tend to relieve the pain. Coughing or sneezing 
worsens it.

Upon presentation the patient may exhibit “sciatic 
scoliosis” [45]. This refers to a standing posture where the 
back and trunk tilt away from the side where painful bending 
occurs. Examination of range of motion to the spine often 
reveals restriction, especially to forward flexion, which 
increases the pressure within the disc. Occasionally, no 
restriction in motion is present. Examination of the lower 
extremities is most important in the consideration of sciatica. 
Midline herniations (less common) may lead to bilateral leg 
involvement, whereas lateral herniations (more common) 
produce unilateral symptoms.

Signs and symptoms are dependent on the particular disc 
and nerve root involved, corresponding to particular sensory 
and motor dermatomal levels. The most common level for 
herniation is the L4–5 disc affecting the L5 nerve root. 
Herniation affecting the L2–3 roots leads to numbness and 
paresthesias to the anterior thigh and weakness in hip flex-
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ion. L4 root involvement leads to medial calf symptoms and 
knee extension and ankle weakness. L5 root involvement 
affects sensation along the lateral calf and dorsal foot with 
weakness to ankle or great toe extension. If the S1 root is 
affected, the numbness predominates along the posterior calf 
and the lateral and plantar foot, with weakness to ankle plan-
tar flexion. S2–4 nerve root disease manifests as perianal 
sensation loss and bowel and bladder dysfunction. It must be 
emphasized that most patients presenting with a history sug-
gestive of sciatica do not have evidence of motor weakness 
upon presentation. In fact, the only findings may be subjec-
tive numbness and pain in a particular anatomic site of the 
leg with gross sensation still intact. Reflex testing may reveal 
abnormalities on examination. Knee jerk is diminished if L4 
roots are impinged. Ankle jerk is diminished if S1 is affected. 
Finally, an absent cremasteric reflex may be present if sacral 
roots are involved. It must be remembered that symmetric 
reflex decrease is common in the elderly.

Special nerve root tension signs are helpful for detecting 
sciatica and nerve root irritation. The femoral stretch test is 
performed with the patient prone; the affected leg is raised 
off the table with the knee flexed and the hip extended. Pain 
or electricity down the anterior thigh or medial calf is sug-
gestive of L2–4 nerve root irritation. The straight leg raise 
test is performed with the patient supine and the extended 
knee raised off the table. Pain along the ischial tuberosity 
radiating down the posterior thigh and lateral foot indicate 
stretch to the sciatic nerve with irritation to the L5–S1 nerve 
roots. If pain is present soon after attempting to raise the leg 
with a tendency toward knee flexion, it is indicative of tight 
hamstrings and not a positive straight leg raise test. If the 
pain is accentuated when the foot is quickly dorsiflexed, it is 
known as a positive Lasegue test. Perhaps the most specific 
test for sciatica is the contralateral straight leg raise in which 
the opposite extremity is raised and pain travels down the 
affected extremity. Digital examination can document rectal 
tone, and the lower extremity pulses should be noted [46].

Pathophysiology

The mechanism by which herniated disc material leads to 
pain is a topic of intense research. Mechanical compression 
of nerve roots by disc material can lead to vascular injury to 
the nerves and other forms of trauma. However, it does not 
appear to be enough to induce the syndrome of sciatica. 
Contents from the nucleus pulposus, such as interleukins 
and prostaglandins, may induce edema and fibrosis of adja-
cent nerve roots. In addition, direct channels may form over 
time between the disc and adherent nerve roots, leading to 
further inflammatory responses. Hence the most probable 
explanation for painful sciatica is a combined mechanical 
and neurotoxic effect of disc material on involved nerve 
roots [47, 48].

Natural History

The natural history of sciatica is favorable. More than 50% 
of patients are relieved of symptoms by 1 month, and in 90% 
of patients the symptoms resolve by the end of 3  months  
[8, 49]. Hence most patients can be effectively managed 
without the need for surgery.

Imaging

Standard AP and lateral lumbosacral radiographs are first-
line studies. Most cases fail to reveal anything other than 
degeneration at various levels. L4–5 is most commonly 
affected. In fact, acute sciatica is more likely to appear in the 
setting of normal disc height without narrowing than in one 
with evidence of degeneration. Hence it is less prevalent in 
the elderly population. Occasionally, plain films demonstrate 
a transosseous herniation in which the disc carries with it a 
small part of the vertebral body into the spinal canal. Patients 
considered for surgical decompression should undergo MRI 
studies of the lumbosacral spine to confirm the clinical diag-
nosis (Fig. 88.13). Keep in mind that 35% of patients older 
than 40 years have MRI or CT evidence of disk herniation in 
the absence of symptoms [5, 50]. Electromyography (EMG) 
studies can also be helpful in difficult cases.

Figure 88.13  Seventy-nine-year-old female with onset of bilateral leg 
pain from large central disc herniation at L4/L5 (arrow) present on this 
T2-weighted sagittal MRI.
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Differential Diagnosis

When an accurate history and physical examination are con-
ducted, sciatica does not present a problem to diagnosis. On 
occasion, intraspinal tumors present as nerve compression 
with unremitting pain, which can be easily discerned by 
MRI. Other neurologic conditions such as multiple sclerosis 
(MS) or amyotrophic lateral sclerosis (ALS) can be mistaken 
for sciatica. Vascular claudication can also present with 
paresthesias to the lower extremities. A good history and 
neurovascular examination can help discern between the 
two. One entity that must be immediately recognized is 
cauda equina syndrome. It presents as a massive midline disc 
herniation leading to bilateral buttock and leg pain and loss 
of bladder (urinary retention most common) or bowel control 
(or both). The patients may also demonstrate diminished rec-
tal tone and decreased perianal sensation. Saddle anesthesia 
of the buttocks is common. Such patients should undergo 
urgent MRI to define the site of obstruction and urgent sur-
gery to decompress the neural elements [8, 46, 49].

Nonoperative Treatment

Therapy should begin with a trial of NSAIDs to decrease pain 
and the inflammatory component of the sciatica. A short 
course of bed rest, 2 days, can also be helpful. Patients should 
then be encouraged to ambulate and begin a therapy regimen 
similar to that for axial back pain. Precipitating activities 
should be avoided. In particular, flexion exercises may increase 
symptoms, as they tend to increase pressure within the disc. 
An aerobic conditioning program must be instituted in the 
overall therapy scheme. If no relief is achieved after 6 weeks, 
the patient may benefit from an epidural steroid injection 
(Fig. 88.14). As mentioned, 90% of patients with sciatica are 
significantly relieved of symptoms by 3 months [49].

Operative Treatment

Only 10% of patients with sciatica warrant surgical consid-
eration. Patients with bowel/bladder symptoms should war-
rant consideration immediately upon onset of symptoms. 
Those with increasing neurologic deficit, particularly motor 
weakness, should be considered for early surgery. Lastly, 
patients without relief from nonsurgical therapy should 
undergo surgical decompression. The standard procedure 
for disc herniation leading to sciatica is midline decompres-
sion with laminotomy and disc excision. It is usually done 
without fusion. However, if back pain was a source of pain 
prior to the onset of leg symptoms, some surgeons opt 
toward fusion in the same surgical sitting. Also, if consider-
able bone was removed when decompressing the nerve root 

and stability is in question, the spine should be fused at that 
level [51, 52].

Geriatric patients in particular are susceptible to “far lateral 
herniations.” These disc herniations occur outside the spinal 
canal itself at the level of the neural foramina. Preoperative 
MRI is helpful for detecting this condition. The surgeon must 
be careful to ensure that the decompression and disc excision 
extends laterally into the neural foramina and that the nerve 
root is free at the end of the procedure. Other surgical proce-
dures available for disk excision include chemonucleolysis 
and percutaneous discectomy [49]. The indications for these 
procedures are few, and the results must be weighed against 
the gold standard of open excision. Recently, arthroscopic 
spinal procedures have been used in the treatment of disc 
herniation. More long-term data are needed to assess its use-
fulness for management of sciatica in the elderly.

Results

If appropriately selected, more than 90% of patients obtain 
relief from sciatica by surgical disc excision. Patients with 
long-standing motor weakness may not regain full strength 
postoperatively. In addition, up to 10% of patients are at risk 
of having a recurrence of their herniation [49].

Figure 88.14  Epidurogram of 65-year-old female treated for radicular 
pain with transforminal subpedicular selective nerve root injection of 
both L5 and S1 nerve roots (Case Courtesy of Sireen Gopal, MD).
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Degenerative Lumbar Spinal Stenosis

Lumbar spinal stenosis, also known as spinal claudication, 
represents narrowing of the overall dimension of the lumbar 
spinal canal leading to a classic symptomatology. Stenosis 
may be central, in which the central canal has reduced dimen-
sion, or lateral, in which individual nerve roots are encroached 
by a hypertrophic facet joints, redundant ligamentum, or 
bulging annulus. Patients are generally elderly, most over 
age 65, so the geriatric clinician must be intimately familiar 
with the often subtle presentation of this disease entity.

Signs and Symptoms

Elderly patients with central stenosis usually present with a 
history of chronic back pain that may have recently improved 
or worsened. A dull ache across the lumbosacral region is 
often present, but lower extremity symptoms predominate. 
A vague or heavy feeling in both legs is described which is 
slowly progressive. Some patients also have a feeling of the 
legs giving way. Additionally, the patient states that he or 
she can only walk several blocks before the pain becomes 
severe. Pain is positional; sitting relieves the pain, while erect 
posture and prolonged standing worsens it. Patients often 
describe relief from leaning forward over a shopping cart, as 
this tends to widen the overall dimension of the spinal canal. 
Lying supine with the spine in extension may exacerbate the 
condition, and as a result night pain is often a feature of this 
condition. Lateral stenosis patients may present similarly but 
with unilateral complaints. Physical examination may dem-
onstrate sensory or motor weakness as with sciatica but is 
most remarkable in most cases for its lack of specific find-
ings. This constellation of symptoms, referred to as neuro-
genic claudication must be differentiated from vascular 
insufficiency where leg pain diminishes with cessation of 
activity rather than a change in position. If radicular pain is 
present, it is most common in the L5 distribution (91%), fol-
lowed by S1 (63%), L1–L4 (28%), and S2–S5 (5%) [33]. 
Straight leg testing, strength, and reflex examination usually 
are normal [53].

Pathophysiology

The normal young lumbar spinal canal is triangular and has 
abundant room to house the neural elements. The spinal cord 
usually ends at approximately the midbody of L1. Below this 
level the cauda equina nerve roots exit through their respec-
tive neural foramina without impingement. The aging pro-
cess leads to incompetence of the disc, inbuckling of posterior 
ligamentous structures (particularly the ligamentum flavum), 
and osteophytes of the facets. All these factors may lead to 

medial encroachment into the canal leading to central spinal 
stenosis. When the absolute area of the lumbar canal is 
reduced to <100 mm2, absolute stenosis exists [54]. In dog-
based experimentation, when the thecal sac is compressed 
acutely (45% of original size) there are measurable changes 
in both motor and sensory function [55]. When the cross-
sectional size of the thecal sac is reduced to 65 mm [2], the 
pressure in the cauda equina can increase to 50  mm Hg, 
which correlates with decreased nerve conduction [56]. 
Furthermore, some patients have an abnormally narrow, or 
trefoil-shaped, canal, which makes them even more suscep-
tible to the development of stenosis. An acute disc herniation 
may also contribute to stenosis of the canal, although it is 
less commonly seen. Lateral stenosis is similarly the result 
of osteophytes of the facets, particularly the superior articu-
lar facet, and chronic disc disease leading to stenosis at the 
level of the neural foramina (Fig.  88.15). A common sce-
nario is spondylolisthesis causing spinal stenosis. 
Spondylolisthesis refers to the vertebra above slipping in 
front of the vertebra below. Various causes exist, but the most 
frequently encountered scenario in the elderly is that of a 
degenerative spondylolisthesis. Chronic disc degeneration 
with concomitant arthrosis and incompetence of the facet 
joints allows vertebral slippage and elongation of the verte-
bral elements of the upper vertebrae. The slippage most com-
monly occurs between the L4 and L5 vertebrae. It may lead 
to signs and symptoms of central stenosis or of L5 nerve root 
impingement. It may manifest with pain along the lateral calf 
and with ankle or great toe weakness [45, 49].

Natural History

Spinal stenosis is usually a chronic disease process. Symptoms 
are often present for many years prior to presentation to 
a clinician. With continued aging and spinal degeneration, 

Figure 88.15  Axial MRI cut showing facet joint hypertrophy (arrows) 
resulting in severe spinal stenosis.
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the stenotic spinal canal and neural foramina tend to reduce 
further in size. Although most patients do not require surgery, 
15% have slowly worsening symptoms as the years 
progress [57].

Imaging

Standard AP and lateral radiographs are first-line studies. 
Pathology such as fracture, tumor, or infection must be ruled 
out. X-rays may reveal chronic disc degeneration, arthrosis, 
scoliosis, and possibly spondylolisthesis. If spondylolisthesis 
is present, additional flexion and extension views can dem-
onstrate if the slippage increases with those maneuvers and 
represents a more dynamic and unstable situation. MRI is 
invaluable for confirming the diagnosis and confirming com-
pression. Axial cuts can give a true measurement of the cross-
sectional area of the canal and of stenosis at the foraminal 
level and lateral recess. CT scans are helpful for determining 
the contribution of the bony elements and osteophytes to the 
stenosis. Prior to the advent of MRI, myelographic CT scan 
had been the gold standard.

Differential Diagnosis

Vascular claudication is the most common entity entering 
in the differential diagnosis of lumbar spinal stenosis. An 
accurate history and physical examination can often discern 
between the two. First, vascular claudication has more severe 
distal lower extremity pain, whereas neurogenic claudication 
typically has a proximal to distal pain pattern. Also, with vas-
cular claudication, pain is relieved by ceasing to walk and 
standing still, whereas neurogenic claudication patients need 
to sit down and lean forward to relieve the pain. Lastly, vascu-
lar patients have significant relief from lying supine, whereas 
stenosis in the canal may be increased in the supine position. 
The physical examination in the vascular claudicant is also 
noteworthy for the trophic skin changes secondary to arterial 
disease and the lack of peripheral pulses. Nonetheless, the two 
conditions can coexist in the elderly population, and consulta-
tion with a vascular surgeon should be sought in equivocal 
cases. Any of the previously mentioned neurologic conditions 
can also mimic lumbar stenosis. Unilateral or foraminal steno-
sis can present similar to atypical sciatica [8, 45, 53].

Nonoperative Treatment

Nonoperative treatment includes short courses of bed rest, if 
helpful, and antiinflammatory medications. Physical therapy 
with an emphasis on aerobic conditioning, and abdominal 

strengthening should be employed. Weight loss alone can 
significantly diminish symptoms in the stenotic patients. 
Flexion exercises are also helpful. A corset or back brace 
may be worn for support. Epidural steroid injections can be 
utilized, especially with acute exacerbations. Narcotic anal-
gesics should be avoided as they have addictive properties 
and fail to target the underlying etiology.

Operative Treatment

Patients unresponsive to nonsurgical measures and those 
with increasing pain, gait disturbance, or with bowel/bladder 
dysfunction should be considered for surgical therapy. The 
cornerstone to surgical management is adequate decompres-
sion of all stenotic segments. The preoperative MRI and CT 
scans must be carefully evaluated for all possible locations 
of stenosis. Not infrequently the entire length of the lumbar 
canal must be decompressed to ensure adequate room for the 
neural elements. The surgeon must be meticulous when 
addressing the bony, disc, and ligamentous contributions to 
the narrowed canal. To assure an adequate decompression, 
nerve roots should be carefully mobilized and the neural 
foramen probed with the appropriate instrumentation. If no 
more than 50% of any facet level must be removed and the 
spine is not unstable for other reasons, fusion is not needed 
to ensure a good postoperative result. If degenerative spon-
dylolisthesis exists, fusing these segments should be strongly 
considered in light of the findings of numerous long-term 
studies [58–60]. Fusion attempts may be supplemented with 
instrumentation. Studies have shown that while there is a 
better chance of achieving arthrodesis with instrumentation 
following posterolateral fusion, clinical outcomes may not 
differ [33]. Further studies should be done to better under-
stand this issue (Fig. 88.16).

Results

Among appropriately selected patients, more than 75% have 
significant relief postoperatively [61, 62]. Workmen’s com-
pensation patients, secondary gain, and smoking are among 
the predictors of a poor result [63].

Adult Scoliosis

The normal adult spine when viewed from the front is 
straight. Any deviation or curvature in the lateral plane is 
referred to as scoliosis. In actuality, the curvature represents 
a three-dimensional deformity with rotation of all the verte-
bral elements and the rib cage. Scoliosis generally affects 
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adolescent girls, but the elderly population may also present 
with scoliosis from various causes.

Pathophysiology

The two major categories of adult scoliosis are the idiopathic 
and degenerative varieties. Adult idiopathic scoliosis usually 
is an extension of its adolescent variant and results from a 
missed or untreated diagnosis. As mentioned, young girls 
present with this condition during adolescence. The curves 
are usually in the thoracic spine and are not painful during 
youth. Curves of less than 40–50° tend not to progress once 
growth has stopped [64]. Larger curves may progress into 
adult life. Most are thoracic curves in which the convexity of 
the curve is to the right. The pathophysiology is unknown, 
although a hereditary pattern seems to exist. By the same 
token, there has never been a causal relationship established 
between osteoporosis and degenerative scoliosis. The rec-
ommended treatment of curves of more than 40–50° is fusion 
during adolescence; bracing and observation are recom-
mended for lesser curves (20–40°). Adult degenerative sco-
liosis primarily affects the lumbar spine. Disc degeneration, 
facet arthrosis, degenerative stenosis or listhesis, compres-
sion fractures, osteoporosis, and muscle imbalance may con-
tribute to the three-dimensional deformity, yet none have 
been shown to be directly related [65]. Abnormal rotation of 
the lumbar vertebral elements is also evident. Why 

certain patients with chronic disc degeneration develop a 
concomitant lumbar scoliosis and others do not is not known 
[66–68].

Natural History

Degenerative lumbar scoliosis is characterized by minimal 
structural vertebral deformity, advanced degenerative 
changes, and a predominance of lower lumbar curves [65]. 
Adult scoliosis arising from adolescent scoliosis generally 
does not present a problem with curves <40–50°. For larger 
curves, pain is often localized to the concavity of the curve 
(where the facet joints are excessively loaded) [41]. Nerve 
roots along the concavity may be compressed, and the 
patients may present with signs of nerve root irritation. 
Cosmetic concerns such as increasing rib prominence and 
shoulder asymmetry may be presenting complaints. For 
extremely large curves (>100°), shortness of breath second-
ary to diminished lung capacity can be a problem [69, 70] 
(Fig. 88.17). Degenerative scoliosis usually is less a cosmetic 
concern, as curves tend to be much smaller. Patients present 
with nonspecific back pain usually along the concavity of the 
curve, signs of nerve root irritation, or even spinal stenosis. 
Progression of deformity is expected in patients with an 
intercrest line passing through the disc space of L4–5 or 
below, as well as in cases where the index curve or vertebral 
rotation is extensive [65].

Figure 88.16  Seventy-five-year-
old female with symptoms of 
spondylosis and spinal stenosis 
with multilevel spondylolistheses 
treated with posterior decom-
pression and instrumented fusion 
from L3 to S1.
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Nonoperative Treatment

Adult scoliosis should be approached with caution. 
Nonoperative treatment should be fully exhausted prior to 
surgical consideration. NSAIDS, bracing, medical manage-
ment (i.e., bisphosphonates), weight reduction, exercise, and 
epidural steroids may be employed.

Operative Treatment

Patients with refractory pain, evidence of spinal imbalance, 
or signs of neural compression can be considered for opera-
tive treatment. All patients should undergo full-length 
radiography of the entire spine in the PA and lateral projec-
tion. Bending films can help assess the degree of rigidity to 
the curve. Additionally, patients with symptoms of nerve 
root compression or spinal stenosis should undergo MRI or 
myelography of the affected area.

The operative approach to treatment must be highly indi-
vidualized. If the presenting problem is back pain without 
nerve root compression or stenosis, a posterior approach 
with curve correction, instrumentation, and fusion are rec-
ommended. If nerve root compression or stenosis is signifi-
cant, careful decompression of the affected area must be 

included. Lumbar degenerative curves can often be 
approached anteriorly. Combined anterior and posterior 
approaches may be needed for difficult rigid curves [68]. 
If the only symptom is that of a single nerve root compres-
sion, simple posterior decompression without curve correc-
tion or fusion is reasonable. For patients with pulmonary 
compromise due to thoracic curves, curve correction to allow 
increased pulmonary capacity is of paramount importance.

Results

Surgery for adult scoliosis is associated with a high incidence 
of complications, many of which are medical in nature, includ-
ing blood loss, infection, pneumonia or atelectasis, inability to 
achieve fusion, and neurologic injury. Adult curves are stiffer 
than pediatric curves, and achieving curve correction is lim-
ited. Patients must be carefully selected and appraised of these 
potential complications. Residual back pain may remain 
despite the presence of a solid fusion [71, 72].

Trauma

Spinal trauma and spinal cord injury represent significant 
sources of morbidity and mortality. It is estimated that more 
than 50,000 spine fractures occur yearly, with neurologic 
injury occurring one-fifth of the time [73]. Most are 
secondary to significant energy mechanisms such as motor 
vehicle accidents, falls from heights, and gunshot wounds. 
The patients generally are young, 20–40 years old, but the 
elderly are not immune to these injuries. Patients presenting 
to emergency rooms or practitioners with a history and 
mechanism suggestive of spinal injury warrant a full evalua-
tion. The elderly often sustain spinal injuries with lesser 
degrees of energy because of fragility, osteoporosis, or other 
predisposing conditions of the spine.

Cervical Spine Trauma

Patients sustaining cervical spine trauma present with the 
complaint of neck pain and or extremity weakness if spinal 
cord injury has taken place. The mechanism of injury must 
be carefully ascertained and preexisting medical conditions 
and any loss of consciousness delineated. The physical 
examination must be thorough. The cervical spine is exam-
ined for evidence of soft tissue contusion as well as tender-
ness to palpation. Flexion, extension, and rotation are 
documented. A careful overview of upper extremity motor 
power, sensation, and reflexes is undertaken.

Figure 88.17  Eighty-year-old female with thoracolumbar adult scolio-
sis measuring 140°.
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Any abnormality on the examination should prompt the 
treating physician to obtain cervical spine radiographs. 
The standard trauma protocol for cervical spine injury 
includes an AP, lateral, and open-mouth odontoid view. The 
lateral view must demonstrate C1–T1 to be considered ade-
quate. Recent studies show that helical computed tomogra-
phy (CT) can be safely used in place of plain radiograph to 
evaluate the cervical spine for osseous abnormalities such as 
fracture and dislocations after high-energy trauma 
(Fig. 88.18). If a pure ligamentous injury is suspected, super-
vised bending cervical spine films or MRI is recommended 
[74]. If the mechanism of injury is significant, such as a 
motor vehicle accident, an AP pelvis and chest radiograph 
should also be obtained.

A variety of injuries can occur in the cervical spine includ-
ing flexion-type compression injuries, dislocation of one ver-
tebra on another, burst injuries of the vertebral bodies, 
spinous process fractures, and lamina fractures. Treatment is 
affected by the degree of instability present and whether a 
neurologic injury has occurred. In cases presenting with an 
acute progressive neurologic injury, urgent MRI, CT or 
myelogram CT, and surgical decompression with stabiliza-
tion comprise the treatment of choice once the patient is 
medically stabilized. Urgent decompression offers the best 
chance of recovery of neurologic function. Injuries with a 
static neurologic injury can be addressed on a more elective 
basis. If an injury has occurred without neurologic injury, the 

degree of instability rendered greatly influences further man-
agement. Attempts have been made to define criteria for 
cervical spine instability [3]. The amount of vertebral body 
destroyed, the angulation and translation at the injury site, 
and disc space narrowing contribute to the relative instability 
of the injury.

Certain injuries do not confer instability to the spine. They 
include isolated lamina fractures, spinous process avulsions 
or fractures, and simple compression injuries to isolated ver-
tebral bodies. These injuries can be managed with a hard or 
soft collar depending on the level of patient discomfort. 
Other injuries are inherently unstable. All dislocations are 
unstable. They must be reduced regardless of whether neuro-
logic injury has occurred [75] (Fig. 88.19). Difficulty with 
reduction warrants an MRI to ensure that an entrapped disc 
fragment is not present [76]. If present, an anterior disc exci-
sion should precede the reduction. Following reduction of 
dislocations, the spine should be stabilized via posterior 
fusion. When the posterior ligamentous complex is injured, 
it should be treated by elective posterior fusion [75].

Frequently, patients have negative radiographic and MRI 
findings despite persistent pain. The severity of these whip-
lash injuries should not be underestimated. The patient 
should be placed in a hard collar for support and given ade-
quate muscle relaxant and pain medication. A follow-up 
appointment with an orthopedic surgeon should take place 
within 2  weeks. If pain persists, the patient should obtain 

Figure 88.18  Helical CT scan 
sagittal reconstruction of 
unilateral facet perch at C6/C7 in 
60-year-old male who fell on his 
head (Case Courtesy of 
Nathaniel Tindell, MD).
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flexion and extension views of the cervical spine to rule out 
a ligamentous injury [77].

Thoracolumbar/Lumbar Spinal Trauma

As with cervical spinal trauma, thoracolumbar and lumbar 
spinal trauma is usually the result of high-energy injuries. 
Timely and appropriate evaluation is crucial to successful 
management and outcome of these injuries.

Upon presentation to the emergency room, a thorough 
history and physical examination must take place. Preexisting 
medical conditions, mechanism of injury, and loss of con-
sciousness at the scene should be ascertained. If secondary to 
a motor vehicle accident, questioning as to the use of a seat 
belt or lap belt is important. Assuming the patient maintains 
stable vital signs, a thorough examination is undertaken. 
In particular, the presence of bruising to the flank or back 
suggests a significant injury to the spinal column or retro-
peritoneum. A thorough examination of all four extremities 
for motor, sensation, and reflex responses is vital. A rectal 

Figure 88.19  Bilateral facet 
perch at C7/T1 in 62-year-old 
male hit by tree branch in the 
back of head with onset of 
paraplegia, successfully treated 
with open reduction and 
instrumented fusion.
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examination should be done to document tone. The presence 
of any neurologic deficit must be noted. Patients noted to 
have neurologic deficit should be given intravenous steroids. 
When administered within 8  h after injury, steroids have 
been shown to be helpful in recovering some neurologic 
function [78].

Once adequately stabilized, the patient should undergo 
appropriate radiography. AP and lateral films of the thora-
columbar spine for those with suspected injuries are first-line 
studies. An AP film of the pelvis, a chest radiograph, and 
films of the cervical spine complete the trauma series.

There are numerous mechanisms of injury to the thora-
columbar spine leading to various injury patterns, including 
axial compression, flexion, extension, rotation, and distrac-
tion mechanisms. Flexion-distraction injuries are associ-
ated with the use of a lap belt without a shoulder strap, 
which is associated with a high incidence of visceral inju-
ries. They should be suspected in a patient after a motor 
vehicle accident, particularly with abrasions across the 
abdomen.

Treatment must be individualized to the patient and the 
injury pattern. Goals of treatment are rapid mobilization of 
the elderly patient with the avoidance of further neurologic 
deterioration. Emergency surgery is indicated only in cases 
of worsening neurologic deficit. Emergent CT or MRI should 
be performed in these cases to detect the site of neural com-
pression. A canal or foraminal decompression should take 
place to remove impinging fragments, and the spine should 
be stabilized with instrumentation and fusion. The decision 
to approach the spine from an anterior or posterior approach 
depends on the injury pattern and the site of neural compres-
sion. Generally, more thorough decompression is possible 
from an anterior approach.

In cases of static neurologic deficit, elective surgery to 
decompress the canal may be beneficial for regaining neuro-
logic function. Timing of surgical decompression is a topic 
of debate. We tend to intervene during the first week, although 
recovery of some neurologic function has been noted with 
late decompression [79–81].

If no neurologic deficit is present, treatment should be 
based on the relative stability of the injury and the propen-
sity for satisfactory healing. Certain injuries are stable. 
Examples include isolated fracture of a spinous process or 
transverse process secondary to a direct blow. Patients can 
be managed with a short period of bed rest and pain medica-
tion. A brace may be worn for comfort. Compression frac-
tures of the spine are usually secondary to flexion 
mechanisms (Fig. 88.20). When the height of the anterior 
vertebral body is compressed less than 50% of the posterior 
aspect of the body and when no reversal of lumbar lordosis 
is present, the injury is relatively stable. Treatment can be 
placement in a thoracolumbosacral orthotic molded in 

extension for several months and pain control. In cases of 
persistent or exaggerated pain that renders the patient inca-
pable of prolonged mobilization, kyphoplasty or vertebro-
plasty has been shown to improve symptoms allowing for 
more rapid rehabilitation [82]. These procedures involve 
percutaneous dilation of the vertebral body with insertion of 
bone cement. Kyphoplasty utilizes an inflatable balloon 
tamp which limits the possibility of extravasation of cement 
to neighboring tissue (Fig. 88.21).

Injuries with anterior compression of more than 50% of 
the posterior body vertebral height or with reversal of lumbar 
lordosis are more unstable injuries because they connote 
injuries to the posterior ligamentous complex of the spine 
[3]. Surgical stabilization and fusion offer the most predict-
able healing results. Surgery also allows more predictable 
restoration of sagittal alignment.

Other injuries further destabilize the spine. They include 
all fracture-dislocations of the spine and most flexion-dis-
traction injuries. To ensure healing, preservation of neuro-
logic function, and avoidance of postinjury deformity, 
surgical stabilization and fusion should be undertaken. It is 
usually done from a posterior approach.

Systemic Disorders of the Spine

Osteoporosis refers to decreased bone mass and increased 
risk of fracture. The vertebrae are the bones most commonly 
affected. This condition affects up to 20 million people yearly 
and represents a significant source of morbidity and cost. 
This is a condition of the elderly, with postpartum women 
affected more than twice as frequently as men. An under-
standing of the pathophysiology and treatment of this entity 
is essential for the geriatric clinician [83].

Figure  88.20  Sixty-five-year-old female with sudden onset of pain 
while opening a window. Lateral lumbosacral spine radiographs shows 
compression fracture at L1 (Case Courtesy of Nathaniel Tindell, MD).
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Pathophysiology

Bone is a living tissue constantly undergoing resorption and 
formation under the control of osteoblasts and osteoclasts. 
Peak bone mass is generally achieved during the third decade 
of life. Adequate daily calcium and vitamin D intake as well 
as exercise are essential for achieving the highest peak bone 
mass possible. Once peak mass is attained, resorption of 
bone exceeds formation, leading to a gradual diminution in 
bone mass. The rate of resorption is higher for women than it 
is for men. Rates of resorption further increase with the onset 
of menopause, probably secondary to the absence of estro-
gen, which acts to increase calcium absorption. Genetics also 
plays an important role in the development of osteoporosis. 
Fair-skinned individuals of northern European descent have 
the highest risk of disease progression. Other associated fac-
tors include early menopause, smoking, sedentary life style, 
phenytoin use, and excessive alcohol intake [83].

With advancing age, susceptible individuals may experi-
ence fragility fractures. The spine and the hip are most com-
monly affected. These fractures are often seen after minor 
trauma such as lifting or tripping.

Evaluation

Evaluation begins with a thorough history with attention to 
the aforementioned predisposing factors. The onset of pain 
and discomfort must be discerned. A history of long-standing 
pain, night pain, or other systemic signs such as fever 
or weight loss, should alert the physician to the possibility 
of  tumor or infection rather than an osteoporotic fracture. 
The presentation is usually of local pain to the affected ver-
tebrae without neurologic deficit or radiation to the lower 
extremities.

Examination reveals tenderness at the fracture site. Patients 
with previous vertebral compression fractures may demon-
strate increased kyphosis to the thoracic spine. Radiographs 
of the affected area reveal osteopenia, decreased bone mass, 
and fracture of the affected vertebrae. In the thoracic spine 
this usually takes the form of an anterior compression or 
wedged appearance. In the lumbar spine more generalized 
flattening of the vertebrae occurs. It is not uncommon for 
asymptomatic or minimally symptomatic vertebral compres-
sion fractures to be discovered incidentally by radiography.

For first time presenters, laboratory tests should be done 
to rule out the reversible causes of osteoporosis, which 
include hyperthyroidism and increased cortisol levels. 
Otherwise, routine blood values are normal including cal-
cium, hemoglobin, phosphorus, and alkaline phosphatase 
levels [84].

More sophisticated methods for evaluating osteoporosis 
include dual energy X-ray absorptiometry (DEXA). This test 
subjects patients to a low dose of radiation with high accu-
racy. Bone mass is quantified in terms of density within stan-
dard deviations of normal. Individuals with more than two 
SD of normal are considered osteoporotic and are at signifi-
cantly increased risk of fracture [8].

Treatment

The cornerstone of management is prevention. As mentioned, 
ensuring adequate calcium and vitamin D intake as well as 
exercise during youth are the most reliable methods of 
increasing peak bone mass [85]. Patients older than 65 should 
maintain a daily intake of 1,500 mg of elemental calcium. 
This is especially important in susceptible individuals. Once 
fracture has occurred, the goals include pain relief, patient 
mobilization, and prevention of further bone loss and defor-
mity. Pain relief can be managed with NSAIDs or a short 

Figure 88.21  Sixty-four-year-
old female with low back pain 
after fall and radiographic 
evidence of compression fracture 
at L1 treated with kyphoplasty 
(Case Courtesy of Nathaniel 
Tindell, MD).



118788  Spinal Disorders and Nerve Compression Syndromes

course of a narcotic analgesic. Several days of bed rest may 
be prescribed, after which the patient is encouraged to mobi-
lize. The letter can be aided with the use of a thoracolumbar 
orthosis molded in extension, which should be worn until 
pain is resolved and follow-up radiographs show no increase 
in the deformity. Usually 6–12 weeks suffices.

Pharmacologic treatment of osteoporosis includes admin-
istration of supplemental calcium and vitamin D, which can 
help avoid further bone loss. The use of estrogen in peri-
menopausal and postmenopausal women has been shown to 
reduce vertebral compression fractures. Other agents include 
biphosphonates (Fosamax) [86], which also decrease 
osteoclastic activity, and fluoride, which stimulates osteo-
blastic proliferation. The appropriate pharmacologic proto-
col should be managed by a knowledgeable internist or 
rheumatologist.

Most of these injuries heal uneventfully. Surgery is rarely 
indicated for management of osteoporosis of the spine. One 
indication is an acute fracture with neurologic deficit, which 
is a rare occurrence. Loss of bowel/bladder control is another 
indication for surgical decompression. Other indications for 
surgery include progressive deformity with unremitting pain. 
The clinician must also be aware of insidious onset of neuro-
logic deficit in the setting of multiple compression fractures 
with increasing kyphosis or scoliosis (Fig. 88.22). This situ-
ation may represent spinal stenosis due to anterior canal 
compromise. It can occur months to years after injury. 
Therefore it is recommended that osteoporotic fractures be 
followed on a regular basis until increasing deformity has 
definitively stopped. These patients are often risky surgical 
candidates because of their multiple medical problems. 
Additionally, poor bone quality makes fixation difficult. The 
surgical approach depends on the deformity and may be 

anterior, posterior, or combined. Patients must be made 
aware of the significant risk of these surgeries [88].

Studies have shown an association with multilevel com-
pression fractures and a higher risk of death from pulmonary 
complications in women 65 years and older [88]. Kyphoplasty 
may be used to stabilize a progressive kyphotic deformity 
from an osteoporotic compression fracture in the acute or 
subacute period. In some cases, actual height restoration can 
be achieved. Long-term complications associated with this 
procedure include an increased risk of vertebral body frac-
ture from forces exerted by the adjacent cement-injected 
level [82].

Infections of the Spine

Infections of the spinal column are common in the elderly or 
the immune compromised population. Diabetes, rheumatoid 
disease, concurrent urine infection, skin ulceration, and 
abscesses predispose to spinal infection. Unfortunately, the 
diagnosis is often missed early in its course, leading to delay 
in treatment and increased patient morbidity [89].

Vertebral Osteomyelitis: Pyogenic  
and Mycobacterial

Presentation

The most common presentation of vertebral osteomyelitis is 
chronic vague back pain. Hematogenous spread is the most 
common mode of transmission. The lumbar region is most 

Figure 88.22  Seventy-six-year-old female with multiple compression fractures, kyphosis, and progressive neurologic deficit treated with posterior 
cement augmented instrumentation and fusion with restoration of sagittal profile and improvement in neurologic status.
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commonly affected followed by the thoracic and cervical 
regions. Patients relate that the pain is not activity-related 
and is not relieved with standard measures. Furthermore, it 
often wakes the patient at night or prevents sleep. Patients 
may complain of systemic manifestations such as fever, 
chills, weight loss, and loss of appetite; but these findings are 
often absent. The physical examination may reveal local ery-
thema and increased temperature over the affected region. 
The area may be tender to palpation with surrounding muscle 
spasm. Range of motion is often restricted owing to pain and 
spasm. Fewer than 10% of patients have neurologic findings 
upon presentation, although diabetes and a cephalad level of 
involvement put the patient at increased risk [90].

Laboratory results may indicate an elevated white blood 
cell (WBC) count but are often normal. The erythrocyte sedi-
mentation rate (ESR) is an extremely sensitive but nonspe-
cific test, with elevated values in more than 90% of cases. It 
is, however, an excellent method for serial monitoring of the 
response to treatment.

If fever is present, blood cultures should be obtained but 
are often negative outside of temperature spikes. Radiographs 
can be entirely normal early in the disease; later they reveal 
destruction of the anterior vertebral metaphysis, diminished 
disc space height, and reactive subchondral bone formation. 
With mycobacterial infections the disc spaces are remarkably 
well preserved until late in the disease process [91]. Paraspinal 
shadows may be prominent owing to soft tissue extension of 
infection. A technetium bone scan with gallium has a more 
than 90% accuracy record for infection of the spine, but MRI 
is currently the modality of choice for confirming the diag-
nosis of infection; it distinctly reveals decreased signal to the 
disc and vertebrae on T1-weighted scans and increased sig-
nal on T2-weighted scans [92].

Treatment

The key to management of osteomyelitis is identification of 
the offending agent. Staphylococcus aureus causes approxi-
mately half of all infections but Escherichia coli, Staphylococcus 
epidermidis, and Pseudomonas are other common organisms 
[89]. Recently, Mycobacterium tuberculosis has made a resur-
gence among the immune compromised and the elderly. 
Hence, suspected patients should undergo PPD testing and 
chest radiography in a search for pulmonary nodules. Thorough 
evaluation of the MRI scan to look for anterior and paraverte-
bral masses and anterior bony destruction should be under-
taken. These are classic findings associated with spinal 
tuberculosis. Other granulomatous diseases of the spine are 
also being seen with increasing frequency in this population.

Blood cultures, if positive, can direct antibiotic therapy. 
Unfortunately, they are positive only 25% of the time. In the 
absence of positive cultures, biopsy may be attempted via 

closed technique, CT- or fluoroscopy guided. The yield for 
closed technique is approximately 75%. If the closed tech-
nique fails, open biopsy is mandatory to establish organism 
identification. Tumor and infection can have similar clinical 
and radiographic appearances, so all tissues should be sent for 
pathologic study. Gram staining, aerobic and anaerobic, 
Mycobacterium, and fungal testing should take place. Once 
an organism has been identified and its sensitivities estab-
lished, antimicrobial therapy can be instituted. Six weeks of 
intravenous therapy followed by oral antibiotics is standard. 
Additionally, the spine should be immobilized in a brace. 
Multidrug therapy consisting of isoniazid, rifampin, ethambu-
tol, and pyrazinamide are recommended for tuberculosis 
infections. Patients are usually treated for 6–12 months. The 
course of the disease should be monitored by clinical exami-
nation, repeat laboratory tests, and repeat MRI at appropriate 
intervals. When identified early, most infections can be 
resolved without the need for major surgical procedures [93].

Surgery

Drug therapy is the treatment of choice for spinal infections. 
Surgery is indicated in specific instances: inability to estab-
lish diagnosis; failure of medical management to relieve pain 
and sepsis; worsening neurologic deficit; or increasing 
deformity and bony destruction. Additionally, patients with 
spinal tuberculosis in the cervical region and a neurologic 
deficit should be treated with surgical débridement because 
of the high risk of paralysis without surgical intervention. An 
attempt should be made to delay surgery for 2 weeks to allow 
the antibiotics to decrease the inflammation and allow an 
easier surgical approach [94].

If surgery is indicated, the approach and procedure are dic-
tated by the location of the infection. Most of the infections 
are located anteriorly in the vertebral bodies. The approach 
therefore is usually anterior via removal of infectious material 
including the involved vertebral bodies and any soft tissue 
abscess. Iliac crest bone graft or fibular strut graft should 
replace the removed bodies. Sometimes a vascularized rib 
may be utilized with thoracic level infections (Fig. 88.23). If 
the spine is rendered unstable, an additional posterior fusion 
can be utilized for further stabilization [90, 95].

Epidural Abscess

Epidural abscesses are foci of infection in the potential space 
of the spinal canal outside the covering of the cord itself. 
They occur most commonly in the elderly and are a true 
medical and surgical emergency. More than 10% of cases 
are misdiagnosed at the initial visit to a physician. 
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Predisposing factors are similar to those of osteomyelitis of 
the spine.

Epidural abscesses may arise via hematogenous spread 
from a distant site or via direct extension from a focus of 
vertebral osteomyelitis. Most abscesses are in the lumbar 
and thoracic region and are located dorsally within the canal. 
Cervical abscesses are less common but usually represent 
an extension of vertebral osteomyelitis and are located 
anteriorly [96].

The most frequent presentation is that of pain localized to 
the site of the abscess. Patients look and feel ill. More than 
50% of patients have increased temperature upon presenta-
tion. The examination is otherwise nonspecific and may 
include spasm, tenderness, and restricted range of motion. 
Patients may have signs of nerve root irritation. Usually, 

neurologic deficit is absent during the first 48 h followed by 
neurologic dysfunction over the next several days. Frank 
paresis may evolve if left untreated. Early diagnosis and 
treatment are essential.

Laboratory values often reveal an increased WBC count 
and ESR. Radiographs are not usually helpful but may show 
vertebral endplate erosions or increased soft tissue outlines, 
especially in the cervical spine. If the diagnosis is suspected, 
urgent MRI of the affected region is done. The addition of 
gadolinium further sensitizes the study. Findings are of 
decreased epidural signal on T1-weighted scans and hyper-
intensity of the abscess on T2-weighted images [97].

Once the diagnosis is established, broad-spectrum antibi-
otics to include coverage of Staphylococcus, Streptococcus, 
and Mycobacterium when indicated, should be administered 

Figure 88.23  Seventy-two-year-old male with osteomyelitis, discitis, and psoas abscess at L2/L3 treated with anterior approach, debridement, 
vascularized rib strut graft fusion and instrumentation.
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without delay, followed by urgent surgical decompression. If 
located in the lumbar or thoracic region simple drainage with 
laminectomy may suffice. Cervical abscesses necessitate an 
anterior approach and removal of vertebral bodies with fusion. 
If the diagnosis is established early, the prognosis is good; 
delay may lead to mortality rates in excess of 10% [96].

Tumors of the Spine

With the exception of multiple myeloma, primary neoplasms 
of the spine are rare, especially in the elderly. Metastatic 
lesions of the spine, however, are common in this population. 
Other than lung and liver, the spine represents the most fre-
quent site of metastasis and is the most frequent site of skel-
etal metastasis [98].

Presentation

Patients present most frequently with the complaint of back 
pain localized to the site of metastases. The pain is slowly 
progressive and does not respond to standard analgesics, rest, 
or other modalities. Frequently, night pain is present result-
ing in an inability to fall asleep. Systemic symptoms such as 
fever, weight loss, and lethargy are often communicated. 
Neurologic signs and symptoms may be present, suggesting 
invasion of the spinal cord or nerve roots by the lesion. The 
patient may present with chronic progressive back pain, with 
an acute onset of severe pain, which is often the result of a 
fracture through a pathologic lesion.

Evaluation

As always, the history and physical examination are the 
keys to proper evaluation. Back pain in the setting of a cur-
rent or prior malignancy should alert the physician to the 
possibility of spinal metastases. Standard laboratory test 
may reveal anemia, increased alkaline phosphatase, elevated 
ESR, or in the case of multiple myeloma elevated urine and 
serum electrophoresis measurements. Standard radiographs 
of the affected region should be obtained. Close attention 
should be paid to vertebral body changes and pedicle 
destruction, as they are the frequent sites of the metastatic 
deposits. Unfortunately, radiographs are frequently normal, 
as approximately 50% of marrow replacement must occur to 
cause findings on plain films [99]. If clinical suspicion 
exists, an MRI scan should be obtained. MRI is extremely 
sensitive for the marrow changes seen with malignancy. 
Metastases appear hyperintense on T2-weighted images. 

MRI also enables study of the spinal cord, epidural space, 
and surrounding soft tissues. This is especially important 
when evaluating patients with neurologic deficit. Once MRI 
confirms a lesion, a bone scan is recommended to localize 
additional bony deposits. Of note, multiple myeloma is fre-
quently cold on bone scans. A chest radiograph may reveal a 
module suggesting the lung as the site of the primary 
malignancy.

Management

Once a metastatic lesion to the spine has been established, its 
pathology must be ascertained. This should be done by cor-
relating the remainder of the workup (laboratory results, 
radiographs, abdominal or pelvic CT, colonoscopy) or if nec-
essary via biopsy of the lesion. This may be done via a closed 
technique using CT or fluoroscopic guidance. If this is unsuc-
cessful, an open biopsy must be performed. Once a definitive 
diagnosis is established, further management must empha-
size a team approach, including the help of an internist, 
oncologist, orthopedic surgeon, and neurosurgeon.

The most sensitive prognostic indicator for survival is not 
the extent of the spinal lesion but the primary diagnosis. 
Hence, any treatment must take into account the expected 
lifetime of the patient. Patients with breast cancer and mul-
tiple myeloma have a longer life expectancy, often more 
than 2 years from the diagnosis. Gastrointestinal and lung 
malignancies involving the spine have a much shorter life 
expectancy.

Available modalities include analgesics, bracing, radio-
therapy, chemotherapy, and surgery. If no neurologic deficit 
is present or fracture has not occurred, there is no need for 
emergent surgery. The radiosensitivity of the lesion should 
be determined and the effectiveness of chemotherapy. For 
example, multiple myeloma and lymphoma are extremely 
radiosensitive. If the tumor is radiosensitive, irradiation can 
be done. If significant pain relief occurs, it may serve as 
definitive management. Emergent surgery is indicated for 
patients with progressive neurologic deficit or fracture of a 
vertebral element with a propensity for instability, further 
neurologic injury, or both. All additional lesions must be 
dealt with on an individual basis. Specifically, surgery may 
be indicated for unremitting pain unresponsive to other 
modalities and large lesions suspicious of impending frac-
ture or instability. For highly vascular tumors, such as thy-
roid and renal cell carcinoma, where irradiation and surgery 
are planned, surgery should take place prior to initiation of 
radiotherapy. This is to prevent wound healing complications 
associated with radiation use. The surgery must be highly 
individualized. Anterior lesions should be approached 
anteriorly and posterior legions posteriorly. Generally, 
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Figure 88.24  Sixty-eight-year-old female with metastatic lung carcinoma to posterior elements of T12 with neurologic deterioration treated with 
posterior decompression, instrumented fusion, and full neurologic recovery.

Case Study

Sixty-five-year-old male with history of chronic low 
back pain and intermittent bilateral lower extremity par-
esthesia. The patient described worsening lower extrem-
ity pain with prolonged standing and walking long 
distances. He reported a need to sit to relieve symptoms 
and no difficulty while climbing stairs (see Fig. 88.12).

Neurovascular examination was essentially normal, 
significant only for loss of lumbar lordosis and a forward 

flexed gait. Radiographic evaluation was significant for a 
degenerative lumbar spondyolisthesis at L

3
/L

4
, degenera-

tive disc disease, and disc desiccation. Spinal stenosis 
was confirmed by magnetic resonance imaging.

Patient was indicated for posterior lumbar laminec-
tomy, instrumentation, and posterolateral fusion from L

3
 

to L
5
. Postoperatively, the patient had resolution of his 

symptoms and clinical/radiographic fusion at 3 months 
time. Rehabilitation was required to restore basic func-
tional capacity.

lesions causing neurologic compromise necessitate an ante-
rior approach. All pathologic tissue should be removed and 
the spine stabilized with instrumentation. Careful study of 
the preoperative MRI is necessary. If possible, asymptomatic 
lesions are included in the stabilization. If life-span is lim-
ited, fusion is not mandatory, but if doubt exists as to life 
expectancy, fusion should be performed [100].

Results

The prognosis for spinal metastases is the same as for the 
primary lesion. Spinal surgery is never curative, only pallia-
tive. However, in patients with unremitting pain and 
neurologic compromise, surgery enables an improved life 
style and easier mobilization (Fig. 88.24).
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During the past 45  years, the ability to provide expanded 
care for geriatric patients with soft tissue and musculoskele-
tal disease and injury has expanded exponentially. As I reflect 
on the changes experienced in my practice as an orthopedic 
surgeon from 1963 to now, I am struck by a wide range of 
opportunities related to advances in either technology or our 
understanding of the biology of the connective tissues. These 
advances have fed off each other; in some circumstances, 
they have been largely dependent on their own merit, whereas 
in others, they are intimately linked. I have divided this intro-
duction into advances dependent on one or the other – basic 
biology or technology – and interdependent fields.

Biologic Advances

During the early 1960s, the field of wound healing was just 
beginning to emerge from the histologic understanding of 
soft tissue repair and fracture healing to more quantitative 
understanding of the role of foreign bodies and the cellular 
response to injury. The advances that have occurred in our 
understanding of soft tissue healing of tendons and ligaments 
are responsible for much improved outcomes for patients of 
all ages with tendon lacerations or ligament tears. We have 
learned that the temporal relations of repair and reaction to 
injury dictate the appropriate rehabilitation of these injuries. 
As a result, rather than external immobilization in a cast for 
3–6  weeks to protect a torn ligament or lacerated tendon, 
those injuries are now treated with early surgical intervention 
and early controlled motion to enhance the healing and the 
mobility of the injured part. Likewise, the role of surgical 
intervention in fracture healing during the 1960s was consid-
ered heretical by some because of the complications of 

fixation failure and infection. Much of this was due to a lack 
of appreciation of the concomitant soft tissue injury associ-
ated with the fracture and the need for managing the fracture 
based on the magnitude of the soft tissue injury. This point is 
best exemplified by the expanded classification systems of 
“open fractures” to three of four strata depending on the 
author who has studied these injuries. This has been a great 
leap forward in managing what were previously described as 
“compound fractures.” It has allowed expanded opportuni-
ties for return to function by patients who were previously 
subjected to prolonged immobilization in casts or traction 
and for what the great fracture surgeons of the 1960s, such as 
Harrison L. McLaughlin, Preston Wade, and Reginald 
Watson-Jones, called “fracture disease.”

As a result of our better understanding of the relations 
between soft tissue injury and fractures, we have been able to 
modify our treatments to capitalize on early limb function 
using a variety of techniques. These have spanned “func-
tional bracing,” early ambulation in casts for femoral and 
tibial fractures, and early hand motion for “Colle’s fractures,” 
among others. From our expanded understanding of open 
fractures based on the early classification of Gustilo and 
Anderson, we learned that a type 1 open fracture with minimal 
soft tissue injury (e.g., a low-velocity gunshot wound) could 
be managed with local irrigation and débridement, with 
conventional fracture management for that fracture. This is in 
contrast to proceeding to an operating room environment for 
a type 3 fracture with massive soft tissue damage with or 
without comminution that demanded meticulous, thorough 
débridement on an as-necessary basis to provide healthy 
tissue for wound healing and resistance to infection.

Concomitant with our understanding of fracture repair 
and bone formation was an expanded understanding of the 
use of bone grafts largely based on the work of Marshall 
Urist, C. Andrew Bassett, and others. They pointed out that 
bone grafts could be osteoproductive, osteoconductive, or 
even osteoinductive, depending on the characteristic of the 
graft and how it was applied. We now know that when osteo-
production is required from a bone graft, it can occur only 
with autogenous cancellous bone that is carefully handled to 
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protect the transplanted osteoblasts. Moreover, the graft must 
be in a viable, receptive environment with adequate well-
oxygenated blood supply. In a similar manner, we can ratio-
nally expect cancellous allogeneic bone prepared in a way 
that removes primary cellular antigens and decreases the 
transplant antigenicity of the residual protein matrix to be 
comparable to autogenous bone for filling a cavity that 
requires primary conduction of bone, such as a benign cyst 
of bone. We have also learned that massive allogeneic bone 
grafts can be used for reconstructing major skeletal defects, 
including osteoarticular defects with expectations of 75–80% 
10 year function in limbs that were potentially doomed to 
amputation during the 1960s.

The expanded understanding of tumor biology and the role 
of surgery of those primary tumors of the musculoskeletal 
system is a product of the past 35 years. We now know that as 
sarcomas spread in tissue planes associated with bone and 
muscle compartments, amputating the limb with a sarcoma is 
not necessarily the best or the only way to remove the tumor 
for the best outcome of local control. Thus, with a soft tissue 
sarcoma of the vastus lateralis muscle in the geriatric patient, 
it would be unusual today to recommend amputation. Rather, 
resection of the involved muscle with a fascial envelope sur-
rounding the muscle and reconstruction with muscle transfers 
and rehabilitation are recommended, following the principles 
described above for soft tissue healing.

Much of what the surgeon caring for the musculoskeletal 
system can provide to the geriatric patients of the 2000s is 
based on generic advances in medicine and on our better 
understanding of pharmacotherapy. With the advances in 
antibiotics, chemotherapy, and hormone replacement, we are 
better able to control the aging process, which is pathologic 
in certain individuals. The classic example is osteoporosis, 
and the discoveries of the estrogen dependence of the 
osteoblast–osteoclast relation for maintenance of skeletal 
mass. Through the development of a class of drugs called 
bisphosphonates, we now have the ability to block bone 
resorption, which holds out major opportunities for better 
control of osteoporosis. Additional therapies in tumor-related 
bone resorption are available as well.

Similar advances in the use of blood products and anes-
thesia have allowed the orthopedic surgeon reasonably to 
consider surgical intervention in an aging population that 
would have been unthinkable 35 years ago. For example, it is 
common today for elective joint replacements to be recom-
mended in octogenarians in reasonably good general health. 
We are confident that the ability of anesthesiologists to mon-
itor vital signs, oxygenation, and visceral functions allows 
most unexpected conditions to be corrected quickly, just as 
we have become accustomed to correcting coagulopathies in 
our pre- and postoperative patients by defining the problem 
and replacing the deficit component of the coagulation 
system.

Technologic Advances

The advancing experience with biomaterials and giant leaps 
in our understanding of the fundamentals of the biomechan-
ics of the skeletal system have been products of the past 
45 years. This time frame has seen many technologic changes; 
they have not all been advances, and many have subsequently 
been abandoned. Even those advances that have proved 
successful have been subject to misapplication as we grope 
for the appropriate application. If there is one lesson for the 
future, it would be to enhance our scrutiny of new technol-
ogy and demand accurate, well-done outcome studies before 
we embrace the new technology.

With that editorial comment out of the way, I offer the 
following technologic advances as the most important of the 
past 35 years for the orthopedic patient. First is our under-
standing of biomaterials and the biomaterial interface with 
the biologic and mechanical environment. Biocompatibility 
was a science well on its way during the 1960s, but it has 
become a virtual cookbook science during the past few years. 
Hence, we rarely concern ourselves with the new material 
and its relation to the biologic environment when it is 
accepted for market by the U.S. Food and Drug Administration 
(FDA). In the field of musculoskeletal diseases, we have seen 
silicone and Teflon arthroplasty wreak havoc at the local 
level owing to wear product debris in the absence of reaction 
to an inert material product. Today, the biggest challenge in 
the field of joint replacement is defining the interface between 
artificial articulations that have minimal and tolerable wear 
and yet do not transmit unacceptable forces to the implant–
bone interface, which is the link for long-term fixation of the 
implant. During the past 40 years, we have moved from cata-
strophic failures with total hips of stainless steel and Teflon 
articulation, or acrylic replacements of femoral heads, to 
more successful stainless steel or cobalt-chrome alloy 
replacements that rely on a press-fit interface with bone, yet 
frequently, there were only one or two options in size for this 
interface with articular sizing based on 0.25-in. increments. 
Today, we have a more than 20-year record of successful 
experience with the use of polymethylmethacrylate as a bone 
cement for implant fixation. We have learned new implant 
skills over the past 30 years that promise a more than 85% 
20-year survival of the implants currently in use. Implant 
manufacturers have responded to competition and demand, 
and as a result, our patients can expect a large inventory of 
sizes and shapes for accommodating the individual idiosyn-
crasies of their anatomy.

The field of internal fixation for fracture care has paral-
leled the implant development for joint disease. The linked 
technology of low-exposure intraoperative fluoroscopy 
and our better understanding of infection control and frac-
ture healing has led to a change in the management of most 
displaced fractures, which allows early return to function, 
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diminished hospitalization, and lower complication rates 
with a superior functional outcome.

The midshaft femoral fracture is a good example. If one 
looks at the standard of care during the 1960s, it was skeletal 
traction for 6–8 weeks followed by a spica cast for a similar 
time period, frequently associated limb length discrepancy 
and, commonly, a stiff knee. This practice was measured 
against an open reduction and internal fixation with an 
intramedullary nail or plates and screws that even in skilled 
hands carried a 10% infection rate. Today, those fractures are 
most commonly treated with closed intramedullary fixation. 
Commonly, there is a 3- to 5-day hospital stay with return to 
full unrestricted weight-bearing in 4 months, with expecta-
tions of a normal knee joint in most cases. The common 
expectation for any intraarticular fracture in the current envi-
ronment is anatomic restoration of the joint surface through 
open or semiopen techniques, with early joint motion pro-
viding maximum functional return.

Another major technologic advancement of the past 
35 years has been the ability to perform semiopen surgery via 
endoscopic techniques. Arthroscopy was the forerunner of 
much of the endoscopic surgery that is now common in all 
fields. Introduction of the Watanabe arthroscope during the 
1960s was a major opportunity for orthopedists to see 

the pathology in the joint, but until the fiberoptic light and 
hand-held video camera made the arthroscope a practical tool 
for correcting pathology and removing loose bodies or torn 
meniscii, the potential went unrecognized. Once again, the 
3- to 5-day hospital stay with an open arthrotomy for a menis-
cus injury has become same-day surgery, with patients return-
ing to active performance in weeks rather than months.

The other technologic advance with dramatic effect in 
bone and soft tissue surgery has been the ability to perform 
free vascularized tissue transfers as a result of the introduc-
tion of intraoperative microscopy and magnification for 
microvascular anastomosis. The biologic understanding of 
the rheology of microvascular flow and reflow has been 
essential to the successful application of this technology.

The future for soft tissue and skeletal injury and disease 
management is exciting. Looking back over the past 45 years 
makes one realize how unpredictable that future may be. The 
emerging science of biologic manipulation of tissue growth 
and reconstitution seems real and potentially achievable over 
the next 30  years. One might eventually resurface a joint 
with genetically engineered tissue to replace injured or 
diseased tissue or use a series of linked cytokines or growth 
factors to reverse a fracture nonunion or reconstitute a 
skeletal defect.
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Introduction

The population of the United States is aging – by 2030, the 
US Census Bureau estimates that 1 in 5 will be 65 or older. 
The rapid increase in the size of this population is expected 
to significantly impact orthopaedic practice especially. The 
aging process, a normal decline in cell, tissue, and organ 
function, ultimately leads to progressive changes in the phys-
iology of all the components of the musculoskeletal system: 
bone, cartilage, muscle, ligament, and tendon. Such change 
can result in several clinical problems for patients and their 
treating physicians. Among the most common ailments 
affecting the geriatric patient are fragility fractures, joint 
degeneration, and injuries to the aging athlete. The risk of 
fragility fractures increases as patients suffer from dimin-
ished bone mass, osteoporosis, and diminished muscle bulk, 
which results in weakness that can magnify the effects of 
neurologic degeneration on gait and posture. Another pro-
gressive disabling condition is joint degeneration leading to 
pain, stiffness, and decreased mobility. As the baby boomer 
generation matures, but continues to participate in high-
impact activities, patients present to physicians with more 
overuse injuries and traumatic injuries to the muscles, ten-
dons, and ligaments, which function to protect our joints and 
skeleton.

Physicians, especially orthopaedic surgeons, are the first 
to document the culmination of these aging processes in 
elderly individuals, since they are the primary physicians 
seen when a significant injury, often in the form of a fracture, 
occurs. Fragility fractures are quite common in the elderly, 
and they are one of the most important predictors of significant 
osteoporosis, and risk for further fracture. Orthopaedic sur-
geons can play a positive role in the management of ongoing 

aging processes, through diagnosis of underlying disease, 
treatment, and follow-up, to prevent future injury. The poten-
tial importance of this kind of intervention will increase as 
the US population ages.

In this chapter, we discuss the anatomy and physiology of 
aging on each part of the musculoskeletal system, as well as 
current trends in diagnosis, treatment, and management of 
musculoskeletal ailments related to aging. An overview of 
these effects is summarized in Table  90.1 for bone and in 
Table 90.2 for the rest of the musculoskeletal system.

Bone

Bone consists of several cell types, (osteoblasts, osteocytes, 
and osteoclasts) organic extracellular matrix (Type I colla-
gen), and ground substance (glycosaminoglycans, or GAGs), 
produced by the cells. Inorganic materials in the form of 
mineral salts and hydroxyapatite crystals [Ca

10
(PO

4
)

6
 OH

2
] 

make the tissue hard and rigid. The organic component gives 
the bone its flexibility and resilience [1] (Fig. 90.1). A pro-
gressive loss of bone density has been observed as part of the 
normal aging process. The longitudinal trabeculae become 
thinner, and some of the transverse trabeculae are resorbed 
[2]. In some patients, this decreased volume of bone tissue 
and decrease in size is minimal. In others, the decrease 
becomes pathologic, causing ostopenia or osteoporosis, 
leading to fragility fractures, deformity, and loss of height 
(Fig. 90.2).

Bone provides support, movement, protection, and cal-
cium homeostasis. It is a dynamic organ that is constantly 
remodeled. This remodeling is achieved by the coupling of 
bone formation, which is the function of osteoblasts, and 
bone resorption, which is the function of osteoclasts, orches-
trated by hormones, growth factors, and cytokines. Early in 
life, the process of formation and resorption is closely cou-
pled to maintain calcium homeostasis. It is a continuous pro-
cess throughout life and one that is influenced by genetic and 
environmental factors including lifestyle choices, gender, 
pubertal status, physical activity, drugs, and diet [3]. As we 
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age, this process can become easily uncoupled with a reduc-
tion in osteoblast activity, increased osteoclast activity, and 
alterations in hormone stimulation.

Bone mass reaches its peak at around age 25 and is main-
tained for several years. By age 40, most adults begin losing 
bone at a rate of 0.5–1.0% per year. For women, menopause 
differs per individual, but it accelerates bone loss to 1–5% 
per year. This accelerated phase lasts for 5–10 years and 
eventually returns to 0.5–1.0% per year [4] (Fig.  90.3). 
Skeletal regions lose bone at different rates [5] (Fig. 90.4). 
Cortical bone, found in the diaphysis and the outer envelope 
of all bones, is composed of concentric lamellae of densely 
packed mineralized collagen fibers. Cortical bone represents 

Table 90.2  Characteristic changes in the aging musculoskeletal system

Property Cartilage Tendon Ligament Muscle

Water content

Collagen Relatively unchanged Decreased/disorganized
Collagen structure Increased Crosslinking Increased Crosslinking Increased Crosslinking Increased Crosslinking
Proteoglycan content  

(concentration)
Proteoglycan size and molecular  

weight
Proteoglycan degradation Outpaces  

synthesis
Outpaces synthesis Outpaces synthesis Outpaces  

synthesis
Cell size/fiber size Relatively unchanged Relatively unchanged

Cell number Relatively unchanged

Modulus of elasticity (stiffness)

Risk of injury (chondral defect, 
rupture, sprain, strain)

Figure 90.1  Age-related 
trabecular bone loss (reprinted 
with permission from Keaveny 
TM and Hayes WC. Mechanical 
properties of cortical and 
trabecular bone. In: Bone, a 
treatise. Bone growth, vol 7, 
pp 285–344).

Table 90.1  Changes in bone characteristics in the young and old

Property Young Old

Blood supply

Osteoblast supply
Osteoclasts In equilibrium Increased relative to 

osteoblasts
Force required to 

produce fracture
High energy Low energy

Calcium metabolism Adequate to 
maintain 
bone density

Inadequate to maintain 
bone density

Remodeling High, adequate Low
Bone formation vs. 

bone resorption
In equilibrium Bone resorption 

predominates
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the greatest bone loss that occurs with age. The imbalance in 
bone remodeling leads to porosity, and long bone cortices 
become thinner over time [6].

Cancellous bone, in contrast, loses density. Trabeculae 
decrease in number, and the architecture of cancellous bone 
changes as a result. In spite of these differences, the loss of 

both cortical and cancellous bone with increasing age 
contributes to bone fragility. Cancellous bone loss is rapid in 
early menopause, resulting in two clinical issues. First, wrist 
fractures increase in frequency, and as more cancellous bone 
deteriorates, the risk of vertebral fractures increase. Second, 
bone mineral density (BMD) (determined from DEXA scans, 

Figure 90.2  Appendicular  
fractures caused by minimal 
trauma.

Figure 90.3  Bone mass changes 
with age (reprinted with 
permission from Wasnich RD. 
(1996) Epidemiology of 
osteoporosis. In: Favus MJ (ed) 
Primer on the metabolic bone 
diseases and disorders of mineral 
metabolism, 3rd edn. Lippincott 
Raven, Philadelphia.
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discussed below) is lost in the vertebral spine before decreases 
in the hip region are evident. In addition, the cancellous bone 
of the spine is the earliest measure to determine if interven-
tions are helping to increase BMD.

The Cellular and Molecular Basis  
of Bone Remodeling

Bone remodeling in adults results in the complete turnover 
of the skeleton in approximately 10 years and is achieved by 
tight coupling of osteoblast and osteoclast cell activity [7]. 
Osteoclast activity removes old bone which is followed by 
osteoblast activity that deposits new bone. During each 
remodeling cycle, the amount of bone formed decreases with 
advancing age [7–9].

Our understanding of bone remodeling at the cellular and 
molecular level is constantly expanding. A complete review 
is beyond the scope of this discussion [7], but key players are 
briefly mentioned here. Bone morphogenetic proteins (BMPs, 
specifically BMP-2 and -4) maintain the supply of osteoblasts 
by stimulating differentiation of periosteal mesenchymal cells 
to osteoblasts. BMP2/BMP4 activates osteoblast specific fac-
tor 2/ core binding factor a1 (osf2/cbfa1), which activates 
osteoblast specific pathway proteins, including osteopontin, 
bone sialoprotein, type I collagen, and osteocalcin [7]. Recent 
research suggests that Wnt proteins also play a role in tran-
scriptional activation of osteoblast differentiation [10].

In addition to their role in calcium homeostasis, parathy-
roid hormone and 1,25 dihydroxyvitamin D3 (1,25 (OH)

2
 D

3
) 

stimulate osteoclast formation from hematopoietic precursors. 
Osteoclast formation also relies to an extent upon osteoblast 
cells, since mice lacking osteoblast cells also lack osteoclast 
cells [11]. The basis for this dependency stems from the recep-
tor activator of nuclear factor kB (RANK), which is expressed 
on osteoclast progenitor cell membranes, and RANK-ligand 
located on committed osteoblastic progenitor cells and T-cells 
[7]. The binding of RANK-ligand to RANK is essential for 

clastogenesis. 1,25 (OH)
2
D

3
 and PTH, among others, stimu-

late the production of RANK in osteoblast cells. Osteoprotogerin 
is a glycoprotein that can bind RANK and inhibit osteoclast 
development. Further, wnt-3a is implicated in downregulation 
of RANKL, inhibiting osteoclast formation [10]. Many cytok-
ines either enhance or inhibit production of osteoclasts. Finally, 
calcitonin, secreted by the C cells of the thyroid, appears to 
promote osteoclast apoptosis.

The hormone estrogen is widely understood to be impor-
tant in bone remodeling and considered one of the most 
important determinants of osteoporosis [12]. Estrogen defi-
ciency leads to a bone remodeling imbalance and decreases 
bone formation and increases bone degradation. Estrogen 
appears to exert its effects by decreasing the lifespan or activ-
ity of osteoclasts, and increases the lifespan of osteoblasts. 
The effect of estrogen on osteoblasts is to increase cell pro-
liferation, the synthesis of bone matrix proteins and growth 
factors such as IGF-1 and TGF-b [13]. Estrogen inhibits 
bone resorption [14] and production of the cytokines IL-1, 
IL-6, and TNF [15, 16].

Several growth factors, including transforming growth factor 
b (TGF-b), affect both bone formation and resorption. TGF-b 
stimulates osteoclast formation and osteoblast differentiation. 
The interleukin family (IL-1, IL6, IL-11), TNFs, M-CSF, per-
oxisome proliferator activated receptor g2 (PPARg2), and pros-
taglandins E

2
 and F

2
 also affect both processes.

Calcium Homeostasis

PTH and 1,25 dihydroxyvitamin D impact calcium homeo-
stasis. Vitamin D increases absorption of calcium in the GI 
tract, acting in concert with PTH. Vitamin D deficiency causes 
lower serum calcium, which stimulates releases of PTH and 
mobilizes calcium stores from bone. PTH increases calcium 
reabsorption from the kidney, causes bone to release calcium, 
and plays a role in GI absorption of calcium. PTH levels 
increase with age, in part because of lower levels of vitamin 
D. Lower vitamin D levels in the elderly are well documented 
and due mainly to decreased synthesis and decreased dietary 
intake. Hyperparathyroidism, common in elderly women, 
contributes to bone resorption and bone loss.

Diagnosis: Measurement of Bone Mass

BMD is correlated with bone strength in biomechanical 
studies of cortical and cancellous bone specimens [17]. 
Also, BMD is predictive of future fractures in epidemiologi-
cal studies [18–20]. Bone mass can be measured by several 
techniques, but the clinical standard is the areal measurement 
of BMD using dual energy X-ray absorptiometry (DEXA), 

Figure 90.4  Cancellous and cortical bone loss occur at different times 
and different rates (reprinted with permission from ([5], p 193)).
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which is reliable, reproducible, and cost-effective. The 
T-score, which is a comparison of an individual’s BMD via 
DEXA scan to widely available gender, race, and age stan-
dards, is the basis for diagnosis. A T-score greater than −1 is 
considered normal, while T-scores of −1 to −2.5 are diag-
nosed as osteopenia, and T-scores lower than −2.5 are con-
sistent with osteoporosis. The presence of fragility fractures 
indicates greater severity.

The DEXA scan shown in Fig. 90.5 is that of a 44-year-
old perimenopausal woman who presented with a third meta-
tarsal stress fracture. She is an avid runner, and her relevant 
medical and social history included long-term use of birth 
control medication and a vegetarian lifestyle that she had 
maintained for more than 20 years. DEXA scan showed a 

lumbar spine T-score of −2.5. The total hip T-score was −1.5, 
and her distal one third radius was −0.7.

This case illustrates important elements of DEXA scan 
interpretation and diagnosis. First, the pattern and variability 
of T-scores seen in this scan from different skeletal regions 
are typical. T-scores in the lumbar spine nearly always show 
the greatest bone loss since the spine consists mostly of can-
cellous bone, which is first to show decreases in BMD. 
Second, in terms of diagnosis, the lowest T-score is used – in 
this case, −2.5, consistent with a diagnosis of osteoporosis. 
Although the T-score from the spine is an average, it is not 
valid to average the T-scores from different skeletal areas 
(in this example, the average score would be −1.6, which is 
consistent with osteopenia, not osteoporosis). Third, DEXA 

Figure 90.5  DEXA Scan result 
sheer for a 44-year-old 
perimenopausal woman who 
presented with a third metatarsal 
stress fracture (courtesy of 
Dr. David Rispler).
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scan analysis and diagnosis should be performed by the 
attending physician. In the example above, the radiologist’s 
interpretation was borderline osteoporosis, with recommen-
dation to continue weight-bearing exercise (30 min per day, 
at least three times per week), maintain adequate calcium 
intake (1,000 mg per day) and vitamin D (800–1,000 IU per 
day), and consider antiresorptives as preventive measure, 
with follow-up scans in 2 years. Given the patient history, 
recent fracture, and lumbar T-score of −2.5, a diagnosis of 
osteoporosis with high risk of recurrent fractures is the 
appropriate diagnosis. Further, in addition to maintaining 
calcium and vitamin D intake, 25-hydroxyvitamin D levels 
should be assessed in this patient to determine whether higher 
supplementation is required. Finally, while follow-up DEXA 
scans are helpful to monitor patient BMD, the use of antire-
sorptives is very controversial given the age of this patient, 
and the mechanism of action of antiresportives. Because 
antiresorptives decrease osteoclast activity and bone turn-
over, they maintain bone, but do not add to bone mass. 
Recent studies have shown that such adynamic bone can lead 
to subtrochanteric fractures with long-term use of bisphos-
phonates [21]. Given this patient’s age, an anabolic agent 
should be considered first if there are no contraindications.

DEXA scans have limitations in that they do not measure 
bone quality or bone volume. Currently, no single test measures 
quality of bone. However, the FRAX tool is a mathematical 
model that predicts the likelihood of fracture in the next 10 years 
by taking ten risk factors into account (such as smoking and 
family history of osteoporosis). Knowing the likelihood of 
fracture, in turn, helps to determine how aggressively to man-
age bone loss in patients. For instance, although the potential 
side effects from medications may be great, this may be out-
weighed by a high risk for fracture and associated morbidity.

Another method of bone assessment is quantitative com-
puted tomography (QCT), which is expensive, but allows 
greater assessment of bone quality. The use of CT is prefera-
ble when differences in size (such as extreme obesity) distort 
the analysis of bone mineral content [22, 128]. The use of 
ultrasonography (US) is useful for screening, but this tech-
nique is not as reproducible as others. Calcaneal measure-
ments using US are predictive of fracture risk in the hip but 
are less predictive of fracture risk in the lumbar spine [23].

Management and Prevention

In the elderly, the main result of ongoing changes in bone 
remodeling physiology is osteoporosis. One of the most 
important clinical outcomes of osteoporosis is fracture. 
Fractures heal more slowly and less effectively with advanc-
ing age. Over time, the periosteum thins and bone-reforming 
potential of the periosteal mesenchymal cells decrease 

with age, although there is evidence that this is not due to a 
decrease in the size of the mesenchymal stem cell population 
[24]. This decline in the rate of fracture repair is probably 
related to general decrease in bone remodeling, decrease in 
the expression of cytokines, and a reduction in the inflamma-
tory response to injury [25].

There are a number of treatments currently used to man-
age bone loss in the elderly. In addition, strategies to reduce 
the risk of injury are important, as none of the currently 
available agents can completely reverse bone loss, probably 
because osteoporosis is so often diagnosed long after signifi-
cant loss to bone density has occurred. Here, we look at treat-
ments that can reduce the risk of injury (falls) and slow or 
stop continued bone loss.

Nonpharmacologic

There are several nonpharmacologic methods to reduce the 
risk of injury resulting from bone loss, including calcium 
supplementation and vitamin D supplementation, as well as 
physician counseling on lifestyle choices (tobacco and alco-
hol use) and fall prevention (via hip protectors, exercise, and 
balance training). For instance, healthy bone remodeling and 
mineral density requires adequate calcium intake. Dietary 
intake of 1,200 mg calcium is the standard recommendation 
of the National Osteoporosis Foundation in patients 50 years 
of age and older [26]. While lifestyle choices and fall preven-
tion techniques are beyond the scope of this discussion, we 
discuss vitamin D supplementation below.

The importance of vitamin D supplementation is clear. 
Vitamin D supplementation (specifically vitamin D

3
, or 

cholecalciferol) of 400–800 IU is currently recommended in 
all older patients, although many experts now advise 2,000 
IU or more in part because toxicity with overdose is rare 
[27]. Vitamin D deficiency is commonplace in the elderly, 
because of decreased absorption in the gut and decreased 
ability of the skin to produce vitamin D [25]. High doses 
(800 IU) of vitamin D appear to reduce the risk of vertebral 
and nonvertebral fractures [28]. Further, 800 IU doses of 
vitamin D were associated with a lower incidence rate of 
falls compared to placebo [29].

Pharmacologic Treatment

Currently available treatments for bone loss in the elderly are 
categorized as antiresorptive or anabolic. Antiresorptive agents 
decrease the resorption of bone and include bisphosphonates, 
calcitonin, hormone replacement therapy, and selective estro-
gen receptor modulators. Anabolic treatments increase bone 
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formation and include parathyroid hormone injection. These 
treatments are discussed below.

Antiresorptive Agents

Bisphosphonates: Bisphosphonates are nitrogen-containing 
compounds that bind bone and decrease the activity and 
lifespan of osteoclasts. They increase BMD by decreasing 
the rate of bone resorption. They are commonly prescribed, 
and there are four available in the US: alendronate, risedo-
nate, ibandronate, and zoledronic acid. Each of these bispho-
sphonates has been shown to increase BMD and to reduce 
the risk of vertebral fractures [30–36]. Reductions in the 
rates of hip fractures have also been demonstrated for 
alendronate, risedonate, and zoledronic acid [31, 37–39]. 
Overall, bisphosphonate treatment reduces the incidence of 
vertebral fractures by 40% or more, depending on the study. 
Common side effects of bisphosphonate treatment are gas-
trointestinal irritation and ulceration, although the injectable 
forms of the drug are associated with fewer of these symp-
toms. These compounds lead in rare instances to osteonecro-
sis of the jaw, particularly in those undergoing dental 
procedures (risk is 1/10,000 to 1/100,000) [40].

Long-term treatment of osteoporosis with bisphospho-
nates has revealed that bone turnover may become 
oversuppressed, which results in spontaneous nonspinal 
fractures. These fractures result from the inability of the bone 
to withstand deformation before breaking and are likely the 
result of accumulation of microfractures that result from nor-
mal wear and tear on the bone that has not been remodeled 
[41, 42]. A recent study showed that discontinuation of alen-
dronate after 5 years was not associated with a large increase 
in bone turnover, suggesting a prolonged persistence of the 
effects of alendronate [43].

Calcitonin

Calcitonin decreases bone resorption by inhibiting the func-
tion of osteoclasts [44, 45]. The result is an increase in BMD 
and decrease in fragility. A large, 5-year, randomized controlled 
trial showed a 33% reduction in vertebral fractures when 200 
IU calcitonin were administered intranasally daily [44].

Selective Estrogen Receptor Modulators

Selective estrogen receptor modulators (SERMs) bind to 
estrogen receptors and selectively act as agonists or 
antagonists. Raloxifene is the only SERM that is approved 

for the prevention and treatment of osteoporosis, and it has 
been shown to increase BMD, decrease vertebral fractures, 
and appears to have antiresorptive properties [46–49]. 
Raloxifene use is associated with an increased risk of stroke 
and thromboembolism, and thus, benefits and risks must be 
considered with its use in the treatment of osteoporosis [50]. 
Other SERMs are currently under development which may 
have antiresorptive effects without such side effects [51].

Estrogen

Estrogen replacement and estrogen plus progestin replace-
ment therapy have been demonstrated to decrease the 
number of osteoporotic fractures [52, 53]. However, the 
associated health risks (increased stroke risk, deep vein 
thrombosis, and increased rates of breast cancer and uterine 
cancer) precludes the used of estrogen replacement for those 
with osteoporosis [52, 54].

Anabolic Agents

Teriparatide (parathyroid hormone), the only anabolic agent 
available in the treatment of postmenopausal osteoporosis, 
increases bone turnover rates. Long-term subcutaneous 
injections of teriparatide are associated with a 9–13% 
increase in BMD in the lumbar spine and decreased risk of 
vertebral and nonvertebral fractures [55]. In spite of this, 
teriparatide use is relatively uncommon because of high cost, 
inconvenience, and potential side effects. Side effects include 
swelling, pain, weakness, injection-site erythema, and poten-
tial for serum hypercalcemia, although the side effects are 
reduced with longer treatment [56]. Teriparatide use longer 
than 2 years is not recommended because evidence suggests 
that the incidence of osteosarcomas is possible, although 
only 1 human case history of sarcoma in 300,00 patients has 
been observed [57, 58].

Summary

The treatments for osteoporosis are not curative, and all have 
potential risks. However, most treatments can modify the 
disease and decrease the risk of future vertebral, hip, and 
distal radius fractures. In spite of this, many patients do not 
receive treatment. Numerous studies have shown that 
patients treated for their fragility fractures do not have the 
proper follow-up treatment of osteoporosis [59, 60]. It is 
imperative that health professionals involved in the acute 
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care of elderly patients with fractures initiate the process of 
proper evaluation of their underlying conditions with a 
DEXA scan and laboratory tests, followed by referral to a 
physician who is experienced in osteoporosis management. 
Several studies have shown an improvement in management 
of osteoporotic patients when using a clinical strategy for 
management of the disease [61, 62].

Muscle, Tendon, and Ligament

These three types of connective tissues are involved with the 
movement and protection of the skeleton and joints. Degeneration 
of these structures in the aging athlete is becoming an increas-
ing problem. As the athlete becomes less flexible, they have an 
increased incidence of sprains, strains, and overuse injuries. As 
athletes decrease their BMD and lose the protective effect of 
these tissues, they become prone to stress fractures [63].

Muscle

Skeletal muscle has a unique skeletal unit, the fiber consisting 
of a long cylinder cell with hundreds of nuclei. Within each 
fiber rests a sarcomere composed of actin and myosin fila-
ments that initiate a contraction when the fibers slide past 
each other. Fibers are encased by endomysium, a loose con-
nective tissue. These fibers are aligned together as fascicles, 
which are held together by the perimyseum. The complete 
named muscle is surrounded by the epimysium (Fig. 90.6). 
The ability of the muscle to provide a forceful contraction is 
related to the physiologic cross-sectional area of the muscle. 
With aging, both the number of cells and size of these muscle 
fibers decrease. This results in a decreased ability to generate 
maximum contraction [64].

Muscle is a contractile tissue, in which individual cells act 
in concert to produce and cause a movement. Skeletal mus-
cle is anchored to the bone by tendons. These two structures 
are attached along the musculotendinous border. This area is 

Figure 90.6  Skeletal muscle structure (reprinted with permission from [64], Fig. 1).
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the most susceptible to injury [65]. Skeletal muscle makes 
up approximately 40% (females) to 50% (male) of the adult 
mass. There are two types of fibers, type I, or slow twitch, 
and type II, or fast twitch [64].

Similar to bone, peak muscle mass is reached by about 
30 years of age. Muscle mass is progressively lost after that 
at a rate of about 4% per decade between the ages 20 and 30, 
and at 10% per decade after the early 50s [66]. Both the size 
and number of muscle cells decrease with age, resulting in 
sarcopenia and decreased muscle strength. Muscle atrophy 
results from the loss of both type I and type II fibers. Type 
II muscle fibers lose more size compared with size loss in 
type I fibers and hence much of the age-related decrease in 
muscle strength is attributable to loss of these fibers. Muscle 
loss is accelerated when levels of growth hormone, testos-
terone, or thyroxine decrease. Further, more muscle is lost 
in weight-bearing muscles compared to nonweight-bearing 
muscles. Evidence of these changes are shown in athletic 
performance as maximal running and swimming velocities 
for sprint and endurance events decline from the third to 
eighth decades [67].

These physiologic changes predispose the aging athlete to 
muscle strain, which results from forcible stretching of a 
muscle. Histological studies have shown that muscle strain 
injuries cause a disruption of muscle fibers a short distance 
from the myotendinous junction. The patient presents with 
acute pain experienced during intense activity. Muscles that 
are frequently involved cross two joints, act mainly in an 
eccentric fashion, and contain a high percentage of fast-
twitch fibers. Diagnosis relies on history and exam. Rarely is 
an MRI indicated. Initial treatment consists of rest, ice, and 
compression. As pain subsides, physical therapy should be 
initiated to restore flexibility and strength [65].

Most muscle injuries heal, but some result in incomplete 
functional recovery. Because of this, the current research is 
evaluating the use of human recombinant growth factors to 
regenerate muscle, gene therapy to deliver growth factors to 
injured muscle, and antifibrotic therapy [64]. Until treatment 
is developed that restores function in these injuries, preven-
tion is the key. Methods to decrease the risk of injury include 
decreasing fatigue [68], warming up the muscle [69], and 
preconditioning the muscle [70]. Also, to prevent injury and 
improve long-term function, aging patients can benefit from 
regular weight-bearing exercise to increase strength and 
muscle mass [71, 72].

Tendons

Tendon connects muscle to bone and functions to withstand 
tension. It is noncontractile and consists of a tough band of 
fibrous connective tissue composed mostly of parallel type I 

collagen that is cross-linked to fascicles and tertiary bundles 
[73–75]. Cellular elements of tendon consist of tenocytes 
and tenoblasts that lie between the collagen fibers along the 
long axis of the tendon [76], and other cells include chondro-
cytes at the bone attachment and insertion sites, synovial 
cells of the tendon sheath, and vascular cells (Fig.  90.7). 
Elastin, though limited to 2% of the dry mass of tendons, is 
very important to allow the tendon to adapt to function and to 
lengthen in response to stress.

After maturation, tendons undergo many changes that 
bring about a general decline in structure and function begin-
ning in the third decade. There is a decreased vascularity and 
cellularity leading to reduced collagen turnover, decreased 
proteoglycan and water content, and an increase in insoluble 
collagen. Together, these cause the tendon to become stiffer 
and less compliant. This decline in the aging tendon is char-
acterized by a reduced ability to adapt to environmental 
stress and loss of function [77]. Among the many changes, 
part of the tendon insertion becomes hypovascular [78, 79]. 
Because of this, metabolic pathways shift from aerobic to 
more anaerobic energy production [80]. Microscopically, 
older fibroblasts appear flatter and possess fewer protein pro-
ducing organelles, such as Golgi and endoplasmic reticuli 
[25]. Tensile strength reaches a plateau and declines with age 
[81]. This decline is related to decreases in total collagen 
content [82]. The loss of collagen and its cross-linking, as 
well as the changes in elastin, leads to an increase in tendon 
stiffness [83, 84].

These physiologic changes predispose the aging laborer 
and athlete to several pathologic conditions including tendi-
nopathy and spontaneous, low-energy tendon rupture. When 
patients present with overuse conditions affecting tendons, 
clinicians frequently use tendonitis or tendinosis to define the 
entity. Histological exam of the tissue supports the use of ten-
dinopathy as the proper clinical entity. This disorder shows 
haphazard healing with an absence of inflammatory cells, 

Figure 90.7  Tendon structure (reprinted with permission from ([79],  
p 188, Fig. 1).
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noninflammatory collagen degeneration, fiber disorientation, 
hypercellularity, scattered vascular ingrowth, and increased 
interfibrillar glycosaminoglycans [85–87] (Fig.  90.8). In 
these patients, avoidance of aggravating activities, and 
conservative treatment is initiated which may include anti-
inflammatories, local cortisone injections, and physical ther-
apy. These common modalities can be helpful though no 
controlled studies have shown Level 1 evidence to support 
their use. Corticosteroid injections need to be judiciously 
used because they can inhibit protein synthesis, leading to 
collagen thinning and can predispose the tendon to rupture 
[88, 90] (Fig.  90.9). Operative treatment is reserved for 
patients who fail conservative treatment. Although there are 
several different techniques depending on the tendon 
involved, surgery is intended to revitalize, debride, and 
bypass the area of tendinopathy [78].

Treatment of these tendinopathy conditions is important 
to avoid tendon rupture. In fact, most laypeople think of ten-
don ruptures in young healthy athletes, but tendon ruptures 
generally affect patients as they age [90]. Spontaneous rup-
ture of healthy tendons almost never occurs: preexisting 
degenerative histologic changes are present almost always. 
Clinically, tendon ruptures are important injuries to be diag-
nosed and treated urgently to maintain long-term function. 
Physical exam by an experienced musculoskeletal physician 
can detect these ruptures by palpation of structures, loss of 
active joint motion, and occasionally radiographic findings. 
If the diagnosis is uncertain or referral to a musculoskeletal 
physician cannot be arranged quickly, then an MRI can be 
helpful in confirming the diagnosis. Although the individual 
timing varies, surgical repair of tendon ruptures need to be 
performed within an early time frame to provide the best 
results. For example, rupture of the flexor digitorum profun-
dus to the hand (“Jersey finger”) needs to be performed 

within the first week. Ruptures of the achilles, patella, 
quadriceps, and distal biceps need to be performed within 
the first 3 weeks. Acute rotator cuff repairs can be delayed 
but still have the most reliable results if performed within the 
first 3 months.

Ligament

Ligaments are dense connective tissues composed mostly of 
type I collagen. Their ultrastructure is similar to that of ten-
dons, but their fibers are more variable and have a higher 
elastin content [91]. Ligaments attach to the bone at both its 
origin and insertion. They function to provide stability to 
joints and proprioception. Mechanoreceptors and free nerve 
endings help ligaments provide feedback to the neuromuscu-
lar system to avoid injury.

As ligaments mature, they undergo an increased number 
and quality of collagen cross-links with a concomitant 
increase in fibril diameter [92]. After maturation, collagen 
content decreases which contributes to the gradual decline in 
the mechanical properties of ligaments. This loss of ultimate 
tensile strength, increase in stiffness, and inability to with-
stand deformation make the ligaments and the joint they pro-
tect at risk for deformity and injury (Fig. 90.10). Ligament 
insertions into bone also become weak and can lead to avul-
sion fractures. In addition, studies have suggested that the 
number of mechanoreceptors in ligaments decreases with 
age resulting in the inability to process where the joint is in 
space [93].

The physiologic changes in ligaments can lead to several 
different clinic problems. First, the ligament can attenuate, 
lengthen, and lose its ability to provide stability. For example, 

Figure 90.9  Degeneration of tendon structure due to repeated corticos-
teroid injection (reprinted with permission from [78].

Figure 90.8  Photomicrograph of severe tendinopathy (reprinted with 
permission from [78]).
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the loss of ligament integrity can allow the arthritic joint 
to become more deformed, accelerating degeneration and 
causing pain. For surgeons, joint replacement, paying atten-
tion to rebalance the ligament structures, especially in the 
knee, is very important to the success of the surgery [94].

Another clinical entity involves acute trauma to the liga-
ment at the ligament–bone interface, causing an avulsion 
fracture. Ligament tears are described as degrees of sprain. 
Grade I involves mild stretching of the ligament. Grade II 
causes the ligament to tear, but still maintains continuity, and 
Grade III results in tearing and separation of the fiber ends. 
Treatment and recovery depends on the individual patient 
and the joint involved.

One interesting example of a ligament tear is the 
anterior cruciate ligament (ACL) of the knee. If this liga-
ment completely tears, it will not heal or reconstitute itself. 
This is becoming more common because many older 
patients are participating in high-impact sports that increase 
the risk of an ACL tear. Historically, middle-age patients 
who have sustained ACL tears have been offered conserva-
tive treatment with rehabilitation and avoidance of activi-
ties that require them to quickly change directions. But, as 
patients’ expectations and lifestyles have changed, many 
opt for surgical reconstructions. A recent study has con-
firmed that in carefully selected patients of 50 years of age 
and older, surgical reconstruction of the ACL can achieve 
similar results to those in younger patients with no increased 
complications [95].

Articular Cartilage

Articular cartilage is an amazing structure. It provides 
pain-free and almost frictionless motion. In fact, the coeffi-
cient of friction (0.003–0.006) is significantly less than ice 
(0.1 at 0°C). Designers of joint replacements have tried to 
develop bearing surfaces such as metal on metal, ceramic on 
ceramic, and highly cross-linked polyethylene and metal, but 
none has been able to come close to the wear properties of 
healthy articular cartilage. The resiliency and durability of 
cartilage are due to their histological infrastructure and phys-
ical arrangement. However, cartilage is poorly regenerative.

Normal hyaline cartilage consists of a matrix of proteo-
glycan aggregates, type II collagen and chondrocytes [96]. 
Like other soft tissues, cartilage is composed mostly of water 
(80% of wet weight). Large proteoglycans consist of a core 
structure of hyaluronate (unsulfated glycosaminoglycan). 
Link proteins branch off of this structure and provide a sur-
face for aggrecan molecules, composed of a core protein and 
radiating glycosaminoglycan chains. The chains are 
extremely important because, along with the collagen bun-
dles, they provide compressive strength and load-absorbing 
properties. The main molecules are chondroitin-4-sulfate, 
chondroitin-6-sulfate, and keratin sulfate. The relative pro-
portion of each of these glycosaminolgycan chains changes 
over time and is unique in each individual. The hydrophilic 
nature and high density of negative charges underlie articular 
cartilage resiliency (Fig. 90.11).

Figure 90.10  Grading ligament 
sprains.
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This matrix is woven into a complex anatomical structure 
that provides the unique mechanical properties. These differ-
ent microscopic structures are orientated differently depend-
ing on the depth and layer of the cartilage which changes 
from the articular surface to the subchondral bone. The orga-
nization of these layers includes the superficial zone, the 
middle zone, the deep zone, the tidemark, and the calcified 
zone before anchoring to the subchondral bone (Fig. 90.12). 
The alignment of the chondrocytes differs depending on the 
layer. The superficial zone, the gliding zone, possesses chon-
drocytes that are flattened and parallel to the joint with low 
amounts of proteoglycans. The middle zone shows spherical 
chondrocytes and large amounts of proteoglycans. The deep 

layer contains larger spherical chondrocytes and the highest 
concentration of proteoglycans but the lowest water content. 
The calcified zone contains collagen fibrils that help anchor 
the cartilage to the bone by passing from the radial deep zone 
through the tidemark to the subchondral bone [96].

Despite the resiliency of cartilage, it undergoes age-
related changes because chondrocytes do not reproduce 
themselves. There is a debate concerning the relationship 
between age-related changes and the development of degen-
erative arthritis. The biochemical changes differ, and while 
aging does not always lead to arthritis, it is a risk factor, since 
more than 50% of those over the age of 65 have radiographic 
evidence and symptoms of osteoarthritis [97, 98].

Figure 90.11  Composition of articular cartilage.
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In aging, the large proteoglycan structures, chondroitin 
sulfate and keratin sulfate, which form a compressive hydra-
tion gel by binding to hyaluronan via link protein, decrease 
in the amount present and change in ratio. The amount of 
chondroitin sulfate decreases, and the amount of keratin sul-
fate increases [99]. This leads to a decrease in water content 
and an increase in the stiffness of the tissue. Collagen remains 
relatively unchanged, but the number and size of chondro-
cytes decrease. In addition, the levels of advanced glycation 
end product pentosidine, which are low up to 20 years of age, 
increase linearly after that. Higher pentoside levels are asso-
ciated with a stiffer collagen network. The resulting matrix 
articular cartilage that is lost or damaged is replaced slowly, 
leading to fraying of articular cartilage [100]. Damage is dif-
ficult to repair also, since chondrocytes are not migratory but 
are bound by lacunae within the tissue.

Arthritis, on the other hand, leads to distinct biochemical 
changes. The proteoglycans decrease, and their ratio changes. 
In contrast to aging, chondroitin sulfate increases and kera-
tin sulfate decreases with osteoarthritis. This as well as the 
damage to the structural integrity of cartilage leads to an 
increased water content, causing increased permeability, 
decreased strength, and decreased modulus of elasticity. 
Collagen content decreases, and collagen becomes disorga-
nized. Hyaluronan and its link proteins fragment and become 
smaller.

The outward appearance of cartilage changes as the joint 
deteriorates. The pristine white color darkens. The surface 

may soften, fissure, and flake off. Eventually, full thickness 
loss of cartilage occurs, and the subchondral bone becomes 
eburnated. Radiographically, the joint space narrows, the 
subchondral bone appears sclerotic, osteophytes form, and 
the joint deforms (Fig. 90.13). There is some debate as to 
what to call this process. These kinds of changes have been 
called osteoarthritis. However, the suffix, “itis,” means 
“inflammation.” Most consider this to be wear and tear 
arthritis and suggest that the term osteoarthrosis might be 
more appropriate. A new theory based on recent studies is 
that chondrocytes are actively releasing catabolic enzymes 
such as interleukin-1, neutral proteases, and metalloprotei-
nases, causing degeneration that can lead to inflammation 
and cause further degenerative changes [101, 102]. In gen-
eral, aging is different than degenerative arthritis but aging 
results in the loss of tensile properties of cartilage, leading to 
a loss of stiffness, fatigue resistance, and strength [96]. 
Intuitively, these changes cause susceptibility to damage 
from the daily repetitive microtrauma of the joints and may 
be the precursor that allows the development of early degen-
erative changes.

Evaluation of osteoarthritis should begin with history, 
physical exam, and radiographs. Before obtaining radio-
graphs, it is helpful to have an understanding of the best 
views for diagnosis. For most patients, weight-bearing views 
will fully visualize the amount of joint space loss and defor-
mity present, which might not be evident in nonweight-bear-
ing views. There are several grading systems all with some 

Figure 90.12  Structure of articular 
cartilage.
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inherent difficulties in intra and interobserver reliability. One 
of the most common is the Kellegren and Lawrence system 
using levels I–IV [103, 104]. Grades I and II are considered 
mild. Grade III is considered moderate, and Grade IV is 
severe bone-on-bone arthritis. Currently, MRIs are frequently 
used for assessment of arthritis. However, these tests should 
be ordered infrequently in elderly patients with arthritis 

symptoms. Studies have shown that after a certain age, 
almost every patient – even those that are asymptomatic – 
will have a surgical lesion on MRI. For instance, knee MRIs 
are frequently obtained to detect a degenerative meniscus 
tear even though the patient already has advanced degenera-
tive changes. Such MRIs almost always are read as a menis-
cus tear, but they really just indicate that the knee is 

Figure 90.13  Histopathology of 
osteoarthritis.
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undergoing degeneration. In several studies, asymptomatic 
patients over the age of 65 underwent an MRI of their knee, 
and despite a lack of symptoms, 75% had a meniscus tear 
read by the radiologist on their MRI [105, 106].

Clinical management of degenerative arthritis includes 
treatment of the symptoms and halting progression. Although 
a full discussion of the treatment of degenerative arthritis 
is  beyond the scope of this chapter, it involves activ-
ity  modification, weight reduction, use of non forceful 
stretching and strengthening, pharmacologic intervention 
with Tylenol, nonsteroidal anti-inflammatories, nonaddictive 
pain medications, use of external aids and injections with 
either cortisone or synovial fluid replacement. Recent 
attempts to reverse the process and regenerate cartilage have 
not been successful. Several different types of treatments 
have been touted to alter the natural history of the disease 
including glucosamine/chondroitin sulfate [107, 108], elec-
trical stimulation [109, 110], and synovial fluid replacements 
[111–113]. These treatments have demonstrated efficacy in 
decreasing pain and improving function. However, none of 
these adjunctive modalities is supported by Level 1 evidence 
that they produce changes to aging or degenerative cartilage 
to produce structurally or biomechanically normal articular 
hyaline cartilage [111–113].

Surgery can be an option to treat degenerative arthritis, 
but there are still no surgical options to help the body regrow 
hyaline cartilage. For instance, the efficacy of arthroscopic 
procedures of the knee for debridement of arthritis and for 
degenerative meniscus tears is questionable. Two recent 
studies comparing arthroscopic and conservative treatment 
have shown no clinically significant differences at 2 years 
when treating either degenerative meniscus tears or degen-
erative arthritis [114, 115]. In addition, Mosely et al. NEJM 
randomized 180 patients with knee OA into sham surgery, 
arthroscopic lavage, and arthroscopic lavage and debride-
ment and found no difference in pain and function [116]. 
Despite these findings, arthroscopy does seem to play a role 
in treatment of patients with mild degenerative arthritis who 
present with a degenerative meniscus tear. However, it is 
important to select only those patients with mild OA and 
clinical findings consistent with mechanical symptoms of 
catching and locking with pinpoint pain on the posterior joint 
line [117].

There have been two procedures claiming to replace car-
tilage by transplantation, namely, the osteoarticular trans-
plantation system (OATS) and autologous chondrocyte 
implantation (ACI) (Figs. 90.14 and 90.15). These two pro-
cedures cannot reverse global degenerative arthritis and can 
only be used to treat focal defects in the weight-bearing 
articular cartilage of joints. The OATs procedure involves 
taking plugs of bone and cartilage from nonarticular parts of 
the joint to fill in the defects. In the ACI procedure, cartilage 
cells are harvested and then grown in vitro. They are then 

placed in the defective area and held in place with a periosteal 
patch. Both procedures have shown positive results. On fol-
low-up arthroscopy, the areas do seem to be filled with very 
similar-looking cartilage macroscopically. But, histopatho-
logically, these specimens are not characteristic of hyaline 
cartilage and are more characteristic of fibrocartilage (scar 
cartilage) [118–121]. Definitive treatment for degenerative 
arthritis requires either joint fusion or total joint replacement 
[122, 123].

Intervertebral Disc

Intervertebral disc is a fibrocartilaginous soft tissue found 
between the vertebrae which functions to absorb the stress 
placed on the spine. One of the most common complaints of 
middle-aged and older patients is back pain, thought to result 
in part from the changes in intervertebral disc. Fissures and 

Figure  90.14  OATS procedure (osteoarticular transplant system) 
(reprinted with permission from Hangody L, Fules P (2003) Autologous 
osteochondral mosaicplasty for the treatment of full-thickness defects 
of weight-bearing joints: ten years of experimental and clinical experi-
ence. J Bone Joint Surg 84-A(Suppl 2):25–32).



1216 D. Rispler and S.M. Day

cracks appear in the intervertebral disc which begin in the 
periphery (annulus) and extend to the central region (nucleus). 
During the aging process, the collagen content of the annuli 
increases both outward in the disc and downward along the 
levels of the spinal. There is a concomitant decrease in pro-
teoglycan and water content [124]. These changes in chemi-
cal composition apparently lead to stiffness and pain in the 
back [125]. Additionally, these age-related changes may 
result in disc herniation and nerve compression resulting 
from spinal stenosis [124].

Treatment options are limited. Degradation of interver-
tebral disc tissue with enzymatic injections has been a 
current focus of research and can stimulate regeneration. 
So far, experiments using such injections show regenera-
tion of intervertebral disc in older animals, but results are 
not consistent [126]. Also, disc transplantation is an area 
that is currently under investigation [127].

Conclusion

As the population of elderly people increases, so too will 
age-related injuries and degenerative disease of the musculo-
skeletal system. Attempts at regenerative medicine using 
both traditional and alternative treatments have become pop-
ular. In fact, patients spend huge sums of health-care dollars 
on unproven alternative and complementary products claim-
ing to reverse the aging process. For some treatments, there 
has been some promising preliminary research, but clinical 
application is a long way off. The best current advice for 
patients to decrease age-related degeneration and disease is 
to stay active, engage in weight-bearing, aerobic, and balance 
exercise, maintain proper nutrition, and use proven supple-
ments including vitamins such as calcium and vitamin D.

When injury occurs, orthopaedic surgeons may need to 
adjust current standards of practice in elderly patients. 

Figure 90.15  Autologous 
chondrocyte implantation.
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Traditionally, treatment has been conservative. However, 
patients are living much longer than previously, and more 
have active lives. Longitudinal studies on the benefits and 
risks of choosing conservative or aggressive treatment for 
injury are needed so that surgeons and patients can be better 
informed. For instance, the patients in their 70s with a chronic 
attritional tear of the rotator cuff are traditionally treated 
conservatively. However, if these patients live well into their 
90s, and continue to be healthy and otherwise active, more 
than likely they will develop a difficult problem of rotator 
cuff arthropathy. This outcome may be far worse than the 
results from initially treating the injury aggressively. This 
kind of issue will play a prominent role in the near future, 
and surgeons must rethink standard treatment plans in this 
age group.
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The elderly patient presents us with a variety of benign and 
malignant skin lesions. The ability to differentiate various 
cutaneous neoplasms is especially important in the geriatric 
population because of the higher incidence of malignant skin 
tumors that arise in aging skin. The aim of this chapter is to 
acquaint the surgeon with normal skin anatomy, with changes 
in skin anatomy during aging, and with the pathophysiology, 
diagnosis, and treatment of common benign and malignant 
skin tumors of the elderly.

In general, we recommend an annual total body skin 
examination for any elderly patient who has any of the fol-
lowing independent risk factors: fair skin color; history of 
blonde, red, or light-colored hair; green, gray, or blue eye 
color; a family or personal history of skin cancer; chronic 
occupational or recreational exposure to the sun; a history of 
sunburns; or anyone with numerous or atypical nevi. Many 
patients with a personal history of skin cancer should be seen 
every 6–12 months.

Basic Skin Anatomy

The skin is composed of two layers: a stratified squamous 
epithelial layer, or epidermis, and an underlying connective 
tissue layer, or dermis. The interface between these two lay-
ers is termed the dermal–epidermal junction and is character-
ized by downward folds of the epidermis into the dermis. 
These folds, called rete ridges, provide mechanical support 
against shearing forces. Embryologic downgrowths of epi-
thelium into the dermis give rise to epidermal appendages 
such as hair follicles, sweat glands, and sebaceous glands. 
Beneath the dermis lies a fatty layer of subcutaneous tissue 
that serves to insulate and protect the underlying structures.

Epidermis

The ectoderm-derived epidermis is comprised of four cell 
types: keratinocytes, melanocytes, Langerhans’ cells, and 
Merkel cells. Keratinocytes are specialized stratified 
squamous epithelial cells that make up most of the epider-
mis. As keratinocytes migrate upward from their origin at the 
dermal–epidermal junction, they differentiate, forming four 
morphologically distinct layers. The innermost layer, which 
contains the germinative keratinocytes, is called the stratum 
basale. Immediately above the stratum basale, keratinocytes 
enlarge to form the stratum spinosum, or prickle cell layer. 
Progressive maturation leads to the accumulation of intracel-
lular keratohyalin granules, giving rise to the next cell layer 
called the stratum granulosum.

Keratinocytes at the outermost portion of the stratum 
granulosum lose their nuclei and fuse to form a cornified 
layer or stratum corneum. These dead keratinocytes function 
to protect the underlying cells and prevent dehydration. They 
are eventually exfoliated at a rate that matches the produc-
tion of cells at the basal layer.

Neuroectoderm-derived melanocytes, which comprise 
1% of epidermal cells, are located in the basal layer of the 
epidermis. They synthesize melanin, which is taken up by 
nearby keratinocytes and serves to protect the skin from pen-
etration of ultraviolet light, which can damage underlying 
epidermal and dermal cells. Langerhans cells make up 3–5% 
of the epidermal cell population. They are derived from cells 
of the monocyte/macrophage lineage and act as antigen-pre-
senting cells in the skin. Merkel cells are the least abundant 
cells of the epidermis, comprising less than 1% of all epider-
mal cells. Their origin is uncertain, either arising from the 
neural crest or as modified pluripotent amine precursor 
uptake and decarboxylation (APUD) lineage neuroendocrine 
keratinocytes. Like melanocytes, they are also located in the 
basal layer of the epidermis. They function as mechanore-
ceptors as well as in the induction of the perifollicular nerve 
plexus during development.

M.A. McFerren (*) 
Yale New Haven Hospital, Department of Dermatology,  
Yale University School of Medicine, New Haven, CT, USA 
e-mail: marcus.mcferren@yale.edu

Chapter 91
Common Benign and Malignant Skin Lesions

Marcus A. McFerren and David J. Leffell 



1222 M.A. McFerren and D.J. Leffell

Dermis

The mesoderm-derived dermis sits just below the avascular 
epidermis, supplying it with a rich neurovascular system. 
Histologically, the dermis can be divided into two layers. 
Occupying the space around the rete ridges is the superficial 
papillary dermis, which is composed of a loosely woven 
arrangement of connective tissue bundles. Beneath it lies the 
reticular dermis, so named for its denser, interwoven pattern 
of connective tissue fibers. The resident cells of the dermis 
are mostly fibroblasts, which secrete collagen, elastin, and 
ground substance. Collagen and elastin give the skin its 
toughness, distensibility, and flexibility. Ground substance, 
which is comprised of polysaccharides and proteins, provides 
a supportive matrix for the connective tissue fibers. The over-
all structure accommodates the network of vascular, lym-
phatic, and nerve plexi that supply the skin. Other cellular 
constituents of the dermis include mast cells, macrophages, 
lymphocytes, and other leukocytes.

Epidermal Appendages

During embryologic development, epidermal cells invaginate 
and migrate into the dermis forming adnexal structures such 
as hair follicles, sebaceous glands, and eccrine and apocrine 
sweat glands collectively termed epidermal appendages. Hair 
follicles are composed of modified keratinocytes that form a 
tubular structure enclosed by a collagenous sheath. Each hair 
follicle is associated with one or more sebaceous glands, 
which secrete sebum, an oily viscous fluid composed of trig-
lycerides, free fatty acids, wax monoesters, squalenes, and 
sterols. Sebum functions to help moisturize and waterproof 
skin and hair. Apocrine glands are modified sweat glands 
located in the axillae and groin. Like sebaceous glands, they 
secrete their product into the follicular lumen. In some mam-
mals, they have a demonstrated pheromonal function in terri-
tory marking and sexual communication [1]. In humans, their 
role is uncertain. With the exception of the groin and axillae, 
the remainder of skin is covered by eccrine sweat glands. 
These glands are thermoregulatory in their capacity to secrete 
sweat and immunologic in their capacity to excrete active 
cytokines [2]. They are independent of the hair follicle having 
ducts that open directly onto the skin surface.

Skin Function

The basic functions of the epidermis, dermis, and epider-
mal  appendages include that of a physical barrier as well 
as  homeostasis, thermoregulation, immunologic defense, 

communication, and sensation. As a physical barrier, the 
skin protects the body from ultraviolet radiation-associated 
DNA damage, microorganisms, and toxic chemicals. Far 
more than simply a sheet of protective wrap, the skin con-
tinually regenerates itself by sloughing off damaged cells, 
and providing a fresh interface for the ever-changing 
environment. Central to its barrier function is the mainte-
nance of water balance and protection against dehydration. 
Not all water loss is damaging, however, and eccrine 
gland-mediated evaporative water loss is critical to thermo-
regulation. In the battle against microbial invaders, the skin 
provides the first line of defense. The skin hosts both adap-
tive and innate immune functions; in the skin itself, circulating 
lymphocytes and antibodies encounter foreign materials and 
activate antigen-presenting cells. Cathelcidins, neutrophil-
derived polypeptides resident in the skin, also function in 
antimicrobial defense and cell–cell signaling [3]. Additionally, 
it is often a fundamental disruption in the immunologic func-
tion of the skin that facilitates the development of cutaneous 
malignancies. In social interaction, the communication and 
sensory functions of the skin are intertwined. Skin and hair 
are central to our mechanisms of physical attraction. Neural 
modulation of the cutaneous blood supply conveys informa-
tion in interpersonal communication, and the skin is the 
organ through which touch, temperature, itch, pleasure, and 
pain are perceived.

Changes in the Skin Associated with Aging

The intrinsic changes that occur in aging skin are important 
for understanding the pathophysiology of benign and malig-
nant lesions that affect senescent skin.

Epidermis

Between the third and seventh decades, the turnover rate of 
keratinocytes is reduced by 50% [4]. The slower epidermal 
turnover rate increases the duration of keratinocyte exposure 
to carcinogens such as ultraviolet radiation, making the epi-
dermis more susceptible to the development of keratinocytic 
neoplasms. Decreased proliferative capacity of keratinocytes 
also prolongs wound healing.

The aging epidermis also undergoes structural alterations. 
The rete pegs at the dermal–epidermal junction retract, mak-
ing elderly skin more susceptible to shearing forces. 
Keratinocytes in the basal layer become increasingly pleo-
morphic, displaying variations in size, shape, and staining 
pattern [5]. With age, the stratum corneum increases in 
thickness due to a slower rate of desquamation. This thicker 
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stratum corneum has reduced intercellular lipid content and 
reduced water-binding capacity, predisposing aging skin to 
xerosis, or drying, with cracking, compromised barrier func-
tion, and subsequent irritation and inflammation [6, 7].

Melanocytes also undergo age-related decrease in 
number over time. After age 30, the surviving population of 
melanocytes drops by 8–20% each decade [8]. As a result, 
less melanin is produced which allows greater penetration 
of ultraviolet radiation resulting in an increase in the risk of 
developing skin cancer. Like melanocytes, Langerhans 
cells also diminish in number with age. Langerhans cells 
are especially sensitive to UV radiation and are further 
functionally impaired by the age-related decrease in 
protective melanin. This UV-induced immune suppression 
compromises the cell-mediated immune response in elderly 
skin, thereby more readily permitting the development of 
tumors.

Dermis

As the skin ages, the dermis thins and becomes less vascular. 
Collagen fibers become thickened, less resilient, and the der-
mis becomes more susceptible to shearing injuries. Elastin 
fibers display structural degradative changes, resulting in 
skin laxity and wrinkle formation [5]. The amount of ground 
substance decreases, reducing the supportive dermal matrix, 
and so structures such as blood vessels become more suscep-
tible to damage. This manifests clinically as easy bruising in 
the elderly. Thinning of vessel walls may also contribute to 
the increased susceptibility to ecchymoses. Other changes in 
cutaneous vasculature include a decrease in the density of 
vessels. Diminished cutaneous circulation can lead to 
impaired clearance of foreign material, delayed wound heal-
ing, and diminished thermoregulatory capacity. The aging 
skin also loses its ability to mount an inflammatory response, 
leading to muted clinical presentations of cutaneous 
disease.

Epidermal Appendages

Marked age-related changes also occur in the epidermal 
appendages. There is an overall reduction in the number and 
function of eccrine sweat glands, leading to a decrease in 
thermoregulatory capacity. Apocrine glands attenuate and 
accumulate lipofuscin with a resultant reduction in secretory 
function [6]. Sebaceous glands enlarge with age, but their 
sebum production is paradoxically reduced. These changes 
in sebaceous glands manifest clinically as sebaceous hyper-
plasia and xerosis.

Benign Lesions

Epidermal Lesions

Seborrheic Keratoses

Seborrheic keratoses are common, benign, flat-topped papules 
or plaques that are composed of hyperproliferating keratino-
cytes. They typically appear during the fifth decade, though 
early lesions can present in the fourth decade. Early lesions 
manifest as discrete 1- to 3-cm skin-colored to dark-brown 
patches that progress to form slightly elevated, warty, greasy 
plaques. Their exophytic growth pattern makes them appear 
“stuck on.” [9] Although seborrheic keratoses can be found 
on any part of the body, they are most prevalent on the face 
and upper trunk (Fig. 91.1). Males and females are equally 
affected; the lesions occur more frequently in whites.

A histologically identical variant of the seborrheic kerato-
sis, dermatosis papillosa nigra, is commonly found in patients 
with darkly pigmented skin. Clinically, these lesions present 
as multiple 0.1–1.0 cm rough brown to black papules of the 
face. They are especially common on the malar cheeks, 
forehead, neck, back, and chest.

Figure 91.1  Seborrheic keratosis, the most common benign cutaneous 
tumor in the elderly. Its significance lies in its potential to mimic malig-
nant melanoma. Although treatment is not normally indicated, the lesion, 
which may appear rough or greasy, may be irritated necessitating removal. 
Alternatively, if there is suspicion about melanoma, biopsy is indicated.
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The number of lesions on any given individual can vary 
from one or two up to hundreds [9], often increasing in number 
as the patient ages. Once formed, seborrheic keratoses are per-
manent, remaining in place unchanged for the lifetime of the 
individual. Seborrheic keratoses are benign and have no 
malignant potential. However, the eruption of multiple lesions 
in a short duration of time, known as the sign of Leser–Trelat, 
has historically been thought to point to internal malignancy, 
particularly gastrointestinal adenocarcinoma, breast carci-
noma, and lymphoma. Despite a large number of case reports 
and anecdotal evidence in support of an association between 
widespread eruptive seborrheic keratoses and internal malig-
nancy, the data to support this phenomenon as a true paraneo-
plastic process is largely lacking [10]. Multiple seborrheic 
keratoses may, however, occur as a familial trait with auto-
somal dominant inheritance or may be precipitated by an 
inflammatory dermatosis.

Histologically, seborrheic keratoses show accumulation 
of immature keratinocytes with papillomatosis between the 
basal layer and stratum corneum. Focal keratinization may 
occur, leading to the formation of horn cysts within the 
lesion. Melanocytes usually proliferate in the lesion and 
transfer melanin to immature keratinocytes, accounting for 
the wide spectrum of color the lesions can acquire.

The diagnosis of seborrheic keratoses is made clinically. 
Some early lesions may be confused with solar lentigos or 
pigmented actinic keratoses. Differentiation may be made 
upon closer inspection with a hand lens, which can reveal a 
characteristic verrucous appearance and at times the pres-
ence of horn cysts. Late lesions may resemble a pigmented 
basal cell carcinoma (BCC) or malignant melanoma. If a 
lesion is thought to be a BCC, a shave biopsy is recom-
mended. For lesions suspicious for malignant melanoma, an 
excisional biopsy should be performed.

Although seborrheic keratoses require no therapy, some 
patients prefer to have them removed for cosmetic reasons. 
Treatment should be rapid and nonscarring. This can be accom-
plished with light curettage, which destroys the superficial 
layer of the epidermis and minimizes the risk of scarring. The 
potential for regrowth exists. Should this occur, retreatment 
may be performed as necessary. Electrodesiccation should be 
avoided, as it may cause excessive scarring [11]. If the clinical 
diagnosis is unclear, a shave biopsy should be performed.

Solar Lentigo (Senile Lentigo, Actinic Lentigo)

Chronic sun exposure can induce melanocytes to proliferate 
locally forming multiple 0.5–2.0 cm brown macules known as 
solar lentigos, “liver spots” or “age spots.” Their presence in 
more than 90% of individuals over the age of 70 has led to the 
unflattering descriptive term “senile lentigo,” but they are often 
found on light-skinned persons of any age. These lesions are 

localized to sun-exposed areas, such as the cheek, forehead, 
nose, dorsa of hands and forearms, upper back, and chest 
(Fig.  91.2). They affect males and females equally and are 
more commonly seen in Caucasians than in Asians.

Solar lentigos can be confused with other benign lesions, 
such as early seborrheic keratoses, and premalignant lesions 
such as pigmented actinic keratoses and lentigo maligna. To 
differentiate solar lentigos from seborrheic keratoses and pig-
mented actinic keratoses, the lesion must be examined with a 
hand lens in oblique light. Seborrheic keratoses and pigmented 
actinic keratoses generally display features of epidermal 
change, whereas solar lentigos are completely flat. Lentigo 
maligna, like solar lentigo, may not show epidermal changes. 
However, it has distinct variations in color from light brown to 
dark brown with flecks of black. If any lentigo has an irregular 
border, change in pigment, or focal thickening, a biopsy should 
be performed to exclude lentigo maligna.

Histologically, solar lentigos display elongated, club-shaped 
rete ridges containing numerous melanocytes and increased 
melanin production without cellular atypia or nest formation. 
Most solar lentigos have virtually no malignant potential. 
Rarely, a small proportion of lesions occurring on the face 
slowly develop into lentigo maligna [9]. The incidence of malig-
nant transformation is so rare, however, that most lesions require 
no treatment. If the patient finds these “age spots” cosmetically 
unacceptable, treatment can be accomplished in several ways. 
Topical and physical therapies including cryotherapy, laser, and 
dermabrasion have been investigated. Cryotherapy and topical 
retinoids, particularly 0.05% retinoic acid, have demonstrated 
good effect in randomized controlled trials. Among laser treat-
ments, Q-switched ruby and 532 nm Nd:Yag have been shown 
effective in controlled trials without randomization [12]. 
Application of bleaching agents may decrease the pigment, but 
ongoing treatment is necessary. For those seeking treatment, the 
use of sunscreen to prevent new lesions should be emphasized.

Figure 91.2  Solar lentigo, seen mostly on the face and dorsa of the hands, 
has tan to brown pigmentation and is flat. They may be of cosmetic 
concern and occasionally must be biopsied to rule out lentigo maligna.
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Melanocytic Nevocellular Nevi (Moles)

Benign nevocellular nevi, or moles, are small, well-circum-
scribed macules and papules that vary in color from skin-col-
ored to tan and brown (Fig. 91.3). They are composed of nests 
of melanocytes located in the epidermis, dermis, and rarely 
subcutaneous tissue. If the cluster of melanocytes is localized 
to the dermal–epidermal junction, the nevus is classified as a 
junctional nevus; if the cells are in the dermis, it is called a 
dermal nevus; and if there are features of both, the lesion is 
referred to as a compound nevus. Dermal nevi may be pig-
mented, nonpigmented, smooth, or have a verrucous surface.

Nevocellular lesions are acquired during childhood and 
early adulthood. They typically increase in number up to the 
age of 40, following which they begin to involute. With the 
exception of dermal nevi, most nevocellular nevi disappear 
by the age of 60. As some junctional and compound nevi 
age, their melanocytes migrate into the dermis and assume 
features of dermal nevi. If new nevocellular lesions are 
acquired after mid-adulthood, they should be regarded with a 
high degree of suspicion and closely followed to rule out the 
development of malignancy [13].

Benign Dermal Lesions

Acrochordons (Skin Tags)

Skin tags are soft, pliable, skin-colored to tan-brown pedun-
culated polyps that occur in intertriginous areas such as the 
neck and axillae. They are common in middle-aged and 
elderly individuals, with at least 50% of individuals above 
the age of 50 having at least one [14]. Over time, they can 
become larger and more numerous. Skin tags are especially 

prevalent in postmenopausal women, pregnant women [15], 
and obese individuals, suggesting a hormonal influence on 
their development. The exact etiology of skin tags is 
unknown, though some familial groupings have been noted. 
Early studies suggested that skin tags could potentially serve 
as cutaneous markers for colonic polyps [16], but more 
recently, that association has been largely disproved [17]. 
The association between diabetes mellitus and multiple skin 
tags is less clear [18, 19].

Histologically, skin tags consist of protruding loose 
fibrous tissue covered by a thin epidermis attached to the 
skin by a narrow stalk. Upon visual inspection they are easily 
recognized, though they are rarely misdiagnosed as pedun-
culated seborrheic keratoses, pedunculated melanocytic nevi, 
neurofibromas, or molluscum contagiosum. Their size offers 
a clue to their diagnosis: Skin tags tend to be smaller than the 
average pedunculated melanocytic nevus or neurofibroma.

Skin tags have no malignant potential but tend to be a 
cosmetic nuisance, especially if they occur in areas exposed 
to friction such as the belt line. When infarcted, they can 
cause considerable discomfort. Treatment consists of simple 
excision requiring no local anesthetic. Lesions can be sev-
ered at their base by grasping them with forceps and cutting 
them with scissors, razors, or scalpels. Skin tags may also be 
electrodesiccated.

Xanthelasma Palpebrarum (Eyelid Xanthomas)

Xanthelasma palpebrarum is seen mostly in adults in their 
fourth to fifth decade. They present as yellow velvety plaques 
confined to the eyelids. The lesions often begin as small yel-
low spots that initially may be confused with milia or senile 
closed comedones. They grow over a span of months to form 
coalescing plaques on the upper eyelids and around the inner 
canthus (Fig.  91.4). Once their growth stabilizes, these 
plaques remain permanently.

Histologically, xanthelasma palpebrarum is characterized 
by lipid-laden macrophages in the superficial dermis. 

Figure 91.3  Nevi of medical significance are uncommon in the elderly, 
but new pigmented lesions that are not seborrheic keratoses should be 
evaluated.

Figure  91.4  Xanthelasma. These cholesterol deposits occur on the 
upper and lower lids and can best be removed surgically. They are 
yellowish with a smooth surface.
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Approximately 50% of patients who present with these 
lesions have an underlying disorder of lipid metabolism, 
such as familial hypercholesterolemia or familial dyspro-
teinemia. Patients with these disorders typically have ele-
vated low-density lipoprotein (LDL) and apoprotein E levels 
and are prone to atherosclerotic cardiovascular disease. 
Patients who present for the first time with xanthelasma 
palpebrarum should have their serum lipoproteins and apoli-
poproteins checked. If the levels are within normal limits, no 
further testing need be pursued, as nearly half of the patients 
who present with the lesion have no lipid disturbances. The 
etiology of xanthelasma palprebrarum in patients with no 
lipid disorder is unknown.

Systemic therapy with lipid-lowering agents rarely affects 
the appearance of these lesions. Prior to the advent of laser 
therapy, excision, cryotherapy, and topical application of 30% 
trichloroacetic acid were the preferred methods of treatment. 
With most of these treatments, however, recurrences are com-
mon. Excision with primary closure is effective in only 60% 
of patients and is limited by the location of the lesions [20]. 
Some authors have advocated excision with secondary inten-
tion healing, thereby minimizing the risk of ectropion and 
complications with skin grafting [21]. Although healing by 
secondary intention may allow greater margins of resection 
and therefore minimize the rate of recurrence to as low as 7% 
[21]. The risk of scarring and infection may make this proce-
dure risky in the hands of the untrained. Recently, various 
laser modalities including erbium:YAG [22], Argon [23], and 
1064 Q-switched Nd:YAG [24] have been utilized in the 
treatment of xanthelasma with good cosmetic outcomes. 
Ultrapulse CO

2
 laser in only one treatment session has shown 

excellent results without complications or recurrences at fol-
low-up of up to 1 year [25]. Though promising, the efficacy 
of these new modalities must be further studied in controlled 
clinical trials to establish their proper role in therapy.

Sebaceous Hyperplasia

Sebaceous hyperplasia is a benign lesion that is often found 
on the face of older patients. It typically presents as a cream 
to yellow umbilicated papule on the forehead, cheeks, eye-
lids, and nose of individuals over the age of 30 (Fig. 91.5). 
The incidence of sebaceous hyperplasia increases with age 
such that about 25% of patients over the age of 65 carry these 
lesions. Its etiology is unknown, but genetic factors most 
likely play a role in its pathogenesis as most lesions occur 
independent of sun exposure and arise in patients of northern 
European heritage.

Sebaceous hyperplasia often begins as a small, 2- to 3-mm 
papule with a central depression. This depression represents 
the opening of a wide sebaceous duct that is surrounded by 
several enlarged sebaceous gland lobules, lending the lesion 
its characteristic lobular configuration.

Some lesions of sebaceous hyperplasia contain central 
telangiectasias. This feature, combined with the papule’s trans-
lucent appearance, often leads clinicians to confuse sebaceous 
hyperplasia with BCC. A clue to the correct diagnosis can be 
obtained with diascopy (applying pressure on the lesion with a 
glass slide), which reveals the yellow-white color of sebaceous 
hyperplasia. Relying on diascopy for diagnosis is not perfect: 
the yellow-white color sometimes leads to the incorrect diag-
nosis of xanthomas. Xanthomas can usually be differentiated 
by their larger size and absence of umbilication [26].

When the clinical diagnosis is uncertain, a biopsy should 
be performed. In general, no treatment is necessary unless 
cosmetically desirable. Cryotherapy, in a single freeze–thaw 
cycle or shave excisions of the elevated portion of the lesion, 
has been variably successful. Electrodesiccation and curet-
tage should be avoided, as it may result in scarring.

Chondrodermatitis Nodularis Helicis

Chondrodermatitis nodularis helicis (CNH) typically pres-
ents as a painful, erythematous nodule on the helices of men 
over the age of 40. Approximately 30% of cases of CNH 
occur in young individuals and in women, but the location 
varies to include the antihelix, tragus, antitragus, and concha 
[27]. The tender nodule, which often displays central crust-
ing and ulceration, is typically surrounded by hyperemic 
skin. It enlarges to reach its maximum size of 0.5–2.0 cm 
within a few months and then remains unchanged indefi-
nitely without evolution to malignancy (Fig. 91.6).

This disorder is thought to be due to compromised local 
blood supply as a result of pressure or cold temperatures. 
It  often arises in individuals who habitually sleep on one 
side. Aggravating factors include cold temperatures, pres-
sure from head gear, and trauma. Despite the characteristic 

Figure  91.5  Sebaceous hyperplasia. These lesions represent benign 
hypertrophy of the sebaceous glands. With their central umbilication 
and rounded edge, they are occasionally confused with basal cell 
carcinoma.



122791  Common Benign and Malignant Skin Lesions

exquisite tenderness of these lesions, CNH is often mistaken 
for squamous cell carcinoma (SCC). Biopsy, which is indi-
cated only if there is a degree of suspicion for SCC, charac-
teristically reveals degenerated homogeneous collagen 
surrounded by vascular granulation tissue with acanthotic 
overlying epidermis containing a central ulcer. The perichon-
drium is thickened and shows a lymphocytic infiltrate.

Treatment of CNH may be medical or surgical. Medical 
therapies include intralesional injection of steroids and col-
lagen [27] and cryotherapy. Conservative management has 
been advocated in the first instance [28]. Intralesional steroids, 
such as triamcinolone acetonide administered at a 5–10 mg/
ml dose, are generally reserved for first-line treatment of 
early lesions, as it is successful in only 25% of cases [29]. 
Higher cure rates, approaching 85% [30], are achieved with 
surgical approaches, including excision. Electrodesiccation 
and curettage can be easily performed with adequate margins 
by allowing the curette to be the guide. Necrotic cartilage, 
which tends to be soft, is removed easily. Curettage is stopped 
when healthy, firm cartilage is reached [31]. Techniques for 
excision vary widely: some advocate removal of abnormal 
auricular cartilage only [29, 30, 32], whereas others recom-
mend removal of involved cartilage as well as overlying skin 
[4, 33]. Leaving the overlying skin intact has the advantage of 
decreasing the deformity of the ear, resulting in a better cos-
metic result [34, 35]. A cure rate approaching 100% over a 

2-year follow-up period has been reported using CO
2
 laser 

surgery [36, 37], but recent data from large-scale compara-
tive  trials are not yet available. To prevent recurrences, the 
patient should be instructed to minimize pressure and trauma 
to the ear.

Cherry Hemangioma (Campbell de Morgan Spots)

Cherry angiomas are small, benign, bright red to violaceous, 
dome-shaped papules that are commonly found in middle-
age and older adults. They become more numerous with age. 
They are distributed over the trunk and proximal extremities 
and can vary from 2 to 8 mm in diameter (Fig. 91.7). Their 
etiology is unknown.

Histologically, cherry angiomas are characterized by the 
presence of numerous dilated capillaries lined by flattened 
endothelial cells with edematous surrounding stroma and 
collagen homogenization. The overlying epidermis is fre-
quently thinned with fenestrations.

Cherry angiomas are diagnosed clinically and require no 
treatment. Occasionally, they are mimicked by angiokerato-
mas, venous lakes, nodular melanomas, or metastatic carci-
nomas. If nodular melanoma or metastatic carcinoma is 
suspected, an excisional biopsy should be performed. If a 
cherry angioma is at a site of recurrent trauma and therefore 
prone to ulceration or if it is at a site that is cosmetically 
unacceptable to the patient, it can be treated by shave exci-
sion, cryotherapy, electrodesiccation, or laser ablation.

Venous Lakes

Venous lakes are angiomatous dilations of venules occurring 
on the face, lips, and ears of patients who are usually above 
the age of 50. They manifest clinically as dark-blue to 

Figure 91.6  Chondrodermatitis nodularis helicis. This benign condi-
tion of the ear is painful and may present with eroded epidermis. It can 
be confused with squamous cell cancer of the ear, which usually is not 
painful.

Figure 91.7  Hemangioma. This deep-seated hemangioma on the upper 
lip is benign, but in the absence of the ability to blanch on compression, 
it should be biopsied to rule out other tumors.
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violaceous papules with an irregular, cobblestone appear-
ance. After an initial growth phase these lesions stabilize and 
do not regress. The cause of venous lake formation is 
unknown. It occurs with equal incidence in both sexes. 
Microscopically, the lesion reveals small, single-layered 
interconnected vessels (or one large dilated space) in the 
upper dermis surrounded by a thin wall of fibrous tissue. 
A venous lake can resemble a pyogenic granuloma, which 
should be removed or biopsied, or a nodular melanoma, 
which requires an excisional biopsy. In most instances, how-
ever, venous lakes can be easily distinguished clinically by 
applying prolonged pressure to the lesion, which causes it to 
lose its violaceous hue as the venous bed empties.

Treatment of venous lakes is cosmetic. They can be 
obliterated with electrocoagulation or laser; the long pulse 
Nd:YAG has recently shown promise [38]. Alternatively, 
they can be surgically excised, but there is a risk of a 
cosmetically unacceptable scar.

Premalignant Lesions

Actinic Keratoses (Solar Keratoses)

Actinic keratoses (AKs) are discrete, scaly, pink to red pap-
ules that are found on chronically sun-exposed skin of the 
face, ears, neck, forearms, and dorsal hands. They have a 
rough quality, allowing them to be more easily felt than seen. 
Typically, they arise in middle-age individuals, though they 
may occur at earlier ages in people living in latitudes closer 
to the equator. Actinic keratoses are generally considered 
premalignant lesions with a conversion rate to invasive SCC 
ranging between 0.075 and 0.096% per lesion per year [39]. 
For the average person with multiple actinic keratoses, the 
chance of developing invasive SCC has been estimated at 
10–20% over a 10 year period if those AKs are left untreated 
[40]. An alternate viewpoint characterizes actinic keratoses 
not as premalignant lesions, but rather as malignant lesions 
akin to SCC in situ [41].

The SCCs that arise from AKs have been considered to be 
less aggressive than those arising de novo, with a metastatic 
rate of only 1.6% [39], although there is some doubt about 
this association.

There are three clinical subtypes of AKs: hypertrophic, 
pigmented, and lichenoid (Fig. 91.8). The hypertrophic vari-
ety develops as a thickened papule that may border on early 
squamous cell cancer. Pigmented AKs can resemble solar 
lentigo, seborrheic keratoses, nevi, or in situ melanoma. 
Lichenoid AK may mimic lichen planus. In general, AKs are 
relatively easy to recognize clinically and do not require a 
biopsy unless there is suspicion of malignant transformation. 

Biopsy typically reveals large, bright-staining keratinocytes 
with mild to moderate basal layer pleomorphism that spares 
follicular units. The abnormal keratinocytes do not invade 
the dermis.

Because AKs are considered premalignant [41], treatment 
is ablative and the method determined by the number and 
location of lesions. If a patient presents with fewer than 10 
AKs, cryotherapy is the method of choice. Flat to slightly 
raised lesions are treated with liquid nitrogen until frosted. 
For lesions that are thick and hyperkeratotic, 3–5 s of freez-
ing may be necessary. With this technique, cure rates as high 
as 98% have been reported [41, 42]. Light electrodesiccation 
and curettage and CO

2
 lasers are other effective methods for 

scattered lesions, but they have the disadvantages of requir-
ing local anesthesia and may increase the risk of scarring.

For numerous lesions, topical fluorouracil (5-FU), which 
selectively targets abnormal keratinocytes, is one treatment 
option. It is applied as a 1%, 2%, or 5% cream or solution once 
or twice daily until the AKs become inflamed and ulcerate. 
The treatment period can last 2–6 weeks and can cause signifi-
cant discomfort, which may hamper patient compliance. 
Inflammation can be minimized with mid-potency topical ste-
roids during the healing phase without affecting the efficacy of 
the treatment. The recurrence rate with 5-FU is high.

Figure 91.8  Actinic keratoses. This is one of the most common sun-
related lesions in the elderly. It is biologically and clinically premalig-
nant and should be treated because of the risk of malignant 
transformation. The lesions can vary in size from 1 to 2 mm up to more 
than 1 cm and have a rough surface overlying a reddened background.
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Additional topical methods of treating actinic keratoses 
include immunologic manipulation with the toll-like recep-
tor-7 agonist imiquimod and the use of the cyclooxygenase 
inhibitor diclofenac. Clinical investigation of daily topical 
imiquimod has revealed clinical clearance rates ranging from 
45 to 84% [43–45]. Notable side effects include edema, 
inflammation, and erythema. Three-percent diclofenac in 
2.5% hyaluronic acid gel has been investigated and revealed 
clearance of up to 50% of target lesions with xerosis and rash 
at the application site cited as adverse events [46, 47].

Exfoliative methods of treatment and lesion reduction 
include chemical peels with trichloroacetic acid and dermabra-
sion (by laser or with diamond fraize). Chemexfoliation with 
35% tricholoracetic acid, on a repeated basis, can decrease the 
number of AKs. The advantage of these methods is that their 
efficacy is not dependent on patient compliance, and they can 
have the added benefit of improving cosmetic appearance.

Photodynamic therapy, PDT, has been used increasingly 
to treat actinic keratoses and a variety of other superficial 
neoplastic lesions. In the process of PDT, a photosensitizing 
compound, typically the hemoporphyrin derived 5-aminole-
vulinic acid (5-ALA) or its methyl ester (mALA), is applied 
directly to diseased skin and incubated for 4–16 h. In the skin 
cells, ALA is converted to protoporphyrin IX. It is believed 
that upon illumination with red, blue, noncoherent, or laser 
light, the photosensitizing compound releases cytotoxic reac-
tive oxygen species leading to overwhelming oxidative stress 
and cell death.

Growing data support the use of PDT in the treatment of 
actinic keratoses with response rates comparable to cryother-
apy and 5-FU. A number of prospective vehicle-controlled 
trials have been performed, revealing clearance rates ranging 
from 77 to 99% with recurrence rates as high as 30% after 1 
year [48]. Depending on the duration of incubation and the 
nature of light activation, transient pain may be a consider-
ation. It is usually manageable with local measures, but post-
treatment edema and scaling can be expected depending on 
the extent of the treatment area.

Patients presenting with AKs usually have a history of 
chronic sun exposure, which places them at increased risk 
for developing other skin cancers. Therefore, it is important 
to follow these patients at regular intervals and to emphasize 
preventive care by recommending sun protection strategies.

Actinic Cheilitis

Actinic cheilitis is a premalignant disorder of the lip. It usually 
localizes to the mucosal surface of the lower lip where sun-
light exposure is greatest but occasionally occurs on the 
upper lip (Fig. 91.9). The lesion initially presents as an edem-
atous erythematous patch that progresses to an indurated, 

scaly plaque with a whitish-gray to brown discoloration. 
Vertical fissuring and crusting can occur and become painful. 
Vesicles may arise and burst, giving rise to superficial ulcer-
ations, which may then become secondarily infected. 
Eventually, warty nodules may form that can undergo malig-
nant transformation to SCC.

The main risk factor for developing actinic cheilitis is 
chronic sun exposure, as evidenced by a higher incidence of 
the lesions in people living in sunny regions, outdoor work-
ers, and light-skinned individuals. Its decreased incidence in 
women may be due to the protective effects of lipstick [4].

Histologically, actinic cheilitis displays regions of flat-
tened, atrophic epithelium adjacent to acanthotic areas. The 
epidermis may also show disordered maturation without 
evidence of nuclear atypia. Lymphocytes and plasma cells 
infiltrate the dermis, which frequently shows signs of solar 
elastosis such as basophilic degeneration of collagen and 
elastic fibers.

Actinic cheilitis is often confused with other forms of 
cheilitis, including lupus erythematosus, lichen planus, and 
eczematous cheilitis secondary to contact allergies. The 
occasional blistering may lead to the diagnosis of sunlight-
induced herpes simplex virus infection. The propensity for 
these lesions to develop into SCCs should alert the clinician 
to look for features associated with malignancy such as 
ulceration, persistent flaking or crusting, generalized atrophy 
with focal areas of leukoplakia, and a red and white blotchy 
appearance with an ill-defined vermilion border. Any lesion 
with suspicious features should be biopsied.

If the lesion is not indurated, a trial of conservative ther-
apy with opaque zinc oxide or titanium dioxide containing 
sunscreens and topical steroids may be initiated. Because of 
the sensitivity of the lip area, ablative treatments can be pain-
ful and problematic. Topical agents can be used but can also 

Figure 91.9  Actinic cheilitis. This confluent, hyperkeratotic tumor of 
the lip is sun-induced. It can be asymptomatic or develop painful fis-
sures. It is premalignant and biologically analogous to actinic keratoses 
on nonmucosal skin.
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cause a painful reaction. In one approach, topical 5% fluo-
rouracil can be applied three times daily for 9–15 days result-
ing in brisk ulceration followed by a 2- to 3-week period of 
healing. Even with good compliance, recurrence rates range 
from 17% at 22 months to 60% at 50 months [49, 50]. 
Alternative, less aggressive modes of application may be 
tried. Photodynamic therapy with mALA and red light [51] 
or ALA and long-pulse pulsed dye laser have been advocated 
with the latter achieving complete clearance rates of 68% 
[52]. Imiquimod has been advocated in the treatment of 
actinic chelitis [53], but high rates of aphthous ulcers have 
been noted to limit its utility [54]. Diclofenac 3% gel has 
been used, but there have been no blinded controlled trials to 
support its efficacy [55]. The most aggressive form of ther-
apy is vermilionectomy which involves excision of the ver-
milion border down to orbicularis oris muscle with subsequent 
advancement of a labial mucosal flap [30]. This procedure 
should be reserved for cases of actinic cheilitis that do not 
respond to laser, photodynamic, or other therapy.

Cutaneous Horn

Cutaneous horn is a clinical term used to describe a hard, 
yellowish-brown, conical outgrowth of skin, resembling an 
animal’s horn. Cutaneous horns develop on sun-exposed 
areas such as the scalp, upper part of the face, tips of the ears, 
and dorsum of hands; they may grow as long as 20 cm [56]. 
They can arise from benign, premalignant, or malignant epi-
dermis. A clue to malignancy can be obtained from close 
examination of the surrounding epidermis: If the skin sur-
rounding the lesion is normal looking or slightly acanthotic, 
the lesion is more likely to be benign, whereas inflammation 
or induration of the surrounding skin suggests malignancy. 
More than 60% of cutaneous horns are derived from benign 
lesions of epithelial hyperplasia, such as warts, skin tags, 
seborrheic keratoses, and nevi; 23% arise from premalignant 
lesions including actinic keratoses, and the remaining 16% 
arise from mostly squamous cell cancer. Horns arising from 
basal cell cancer and metastatic and sebaceous carcinomas 
have been reported [56, 57]. Therefore, all horns should be 
biopsied with care to preserve their base by performing a 
deep tangential biopsy.

Bowen’s Disease (Squamous Cell  
Carcinoma In Situ)

Squamous cell carcinoma in situ that localizes to the epider-
mis is referred to as Bowen’s disease. It typically arises in 
individuals over the age of 60 and has a slow, indolent course. 

Although not invasive into the dermis, it must be considered 
a variant of squamous cell cancer. Approximately 5% of the 
lesions progress to invasive SCCs [58]. Bowen’s disease ini-
tially presents as a slowly enlarging, solitary, erythematous 
macule with a sharp border that can evolve into a scaling, 
crusting plaque usually 2–6  cm in diameter (Fig.  91.10). 
When this lesion develops on the penis, it is known as eryth-
roplasia of Queyrat. Its etiology has been associated with 
chronic exposure to solar radiation, psoralens ultraviolet A 
(PUVA) therapy, radiation, and environmental toxins such as 
arsenic, mustard gas, pesticides, and herbicides.

The clinical differential diagnosis for Bowen’s disease 
includes other papulosquamous diseases such as psoriasis 
and lichen simplex, superficial BCC, actinic keratoses, and 
dermatitis. If a lesion looks suspicious for Bowen’s disease, 
a biopsy should be performed.

Microscopically, the keratinocytes in Bowen’s disease 
demonstrate full-thickness atypia with hyperchromatic nuclei, 
loss of polarity, and decreased intracellular adhesions. Giant 
cells and mitotic figures may be frequent. By definition, 
tumor cells do not invade the dermis, although the upper der-
mis may be infiltrated by mononuclear inflammatory cells.

Bowen’s disease can be treated with excision, Mohs 
microscopically controlled surgery, or with destructive ther-
apies such as cryotherapy, electrodesiccation and curettage, 
topical 5-FU, imiquimod, and photodynamic therapy. 
Histologic confirmation should be obtained before using one 
of the destructive modalities. Cryotherapy has had reported 
cure rates of 90–97% [42, 59]. Retrospective studies support 
the use of topical imiquimod [60]. Photodynamic therapy 
with ALA and MAL has increasingly been used in the 
treatment. On the basis of the evidence of four randomized 

Figure 91.10  Bowen’s disease. This large plaque is an extreme exam-
ple of squamous cell carcinoma in situ, or Bowen’s disease. This nonin-
vasive cancer does extend down the hair follicles, so failure to eradicate 
cells at this level, surgically or otherwise, may result in recurrence of 
the tumor.
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single- and multicenter-controlled trials [59, 61–63] initial 
cure rates have been shown to range from 88 to 100% and 
1 year recurrence rates range from 0 to 12%. The significant 
disadvantage of topically applied treatments including pho-
todynamic therapy, however, is that the vehicle often cannot 
penetrate the epidermal appendages. If the tumor involves 
the appendages, it may not be fully eradicated. Excision, 
where feasible, remains the therapeutic method of choice for 
Bowen’s disease. Because of indistinct borders, Mohs sur-
gery is often the treatment of choice.

Lentigo Maligna (Hutchinson’s Freckle)

Melanoma In Situ

Lentigo maligna is a noninvasive disorder of atypical 
melanocytes that is limited to the epidermis. This flat, pig-
mented lesion, which occurs on sun-exposed skin of elderly 
fair-skinned individuals, develops into invasive melanoma in 
about 1 of 750 cases per year [64]. As a result of its malig-
nant potential, most authors view lentigo maligna as a mela-
noma in situ [65]. The major risk factors for developing 
lentigo maligna are chronic cumulative sun exposure and 
light skin color. Additional risk factors include a history of 
severe sunburn, radiation exposure, estrogen and progester-
one therapy, and use of nonpermanent hair dyes [66]. The 
incidence of lentigo maligna, which is slightly higher in 
women, peaks during the seventh and eighth decades, with 
the average age of onset around 65 years.

Clinically, lentigo maligna presents as a uniformly flat 
macule ranging in size from 3 to 20 cm with intralesional 
variations in color (Fig. 91.11). The color often appears as a 

disorganized array of dark browns and black on a background 
of light browns, pinks, and white. The borders of the lesion 
tend to be irregular with a notched, “geographic” shape.

Biopsy of lentigo maligna reveals cytologically atypical 
melanocytes proliferating in distinct units throughout the 
basal layer. These atypical melanocytes can extend far 
beyond the clinical margin, leading to a high recurrence rate. 
The black areas of the lesion often display the most advanced 
histologic changes, whereas the white areas show signs of 
regression. Regions with surface irregularity may signify 
invasion.

Several lesions can simulate lentigo maligna, including 
seborrheic keratoses, solar lentigos, pigmented actinic kera-
toses, pigmented Bowen’s disease, and pigmented BCC. 
However, these lesions tend to be more uniform in color and 
rarely contain black pigment. Seborrheic keratoses can usu-
ally be distinguished based on their characteristic verrucous 
surface. Solar lentigos do not exhibit variations in color as 
seen with lentigo maligna. Pigmented carcinomas tend to be 
raised. To confirm the diagnosis, an incisional punch or shave 
biopsy that includes the most darkly pigmented area is 
recommended.

Complete excision is the treatment of choice for lentigo 
maligna. Conventional surgery, which provides a 91% cure 
rate [67], should be performed with 0.5-cm margins if feasi-
ble [68]. Depending on the clinical circumstance, mapped 
serial excision may be required to ensure removal of what 
can often be very large lesions. This approach is especially 
helpful for periocular and other cosmetically sensitive areas 
of the face [69–71]. Mohs surgery has been suggested as a 
treatment [72], and cure rates as high as 97% have been 
reported [73]. However, the technical issues related to frozen 
section interpretation of melanocytic lesions make use of 
conventional margin analysis preferable at this time, either in 
a staged fashion or single excision where feasible.

Some lesions of lentigo maligna do not lend themselves 
to excision because of their size, location, or the patient’s 
comorbid conditions. In such cases, destructive therapies 
such as CO

2
, ruby laser, electrodesiccation and curettage, 

X-ray therapy, cryotherapy, topical azelaic acid, and topical 
imiquimod have been used. The major disadvantage of these 
methods is that they do not provide a specimen to confirm 
that the cancer has been properly and completely eliminated. 
These methods may also fail to treat the adnexal melano-
cytes, which can lead to recurrence. This is suggested by the 
high recurrence rate of lentigo maligna that occurs with these 
modalities: 20–25% for electrodesiccation and curettage, 
6–36% for cryotherapy, up to 100% for azelaic acid, and up 
to 38% for irradiation [66]. Small case series utilizing irra-
diation have, however, demonstrated recurrence rates as low 
as 0–7% [74, 75]. Topical imiquimod has been advocated 
[76], but no controlled trials have been performed. A variety 
of single wavelength and combination laser treatments have 

Figure 91.11  Lentigo maligna. It is melanoma in situ on sun-exposed 
skin. Although this lesion is small and easy to excise, these lesions are 
often long-standing in the elderly and can reach sizes that make exci-
sion unfeasible.
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been attempted in the treatment of lentigo maligna including 
argon [77], Q-switched Nd:YAG [78], and Q-Switched ruby 
[79], but no large controlled trials exist. Laser and imiqui-
mod may be viable therapeutic options in the patient who 
cannot undergo more aggressive approaches or whose lesion 
technically precludes excision. Cryosurgery may leave scar 
tissue that can mask recurrence, especially the development 
of an invasive desmoplastic melanoma. This is the greatest 
risk of incomplete treatment of melanoma in situ, and the 
patient must be aware of this potential problem.

Malignant Lesions

Epidermis

Squamous Cell Carcinoma

Squamous cell carcinoma (SCC) is a malignant tumor of 
keratinocytes that arises on sun-damaged skin and on mucous 
membranes. The incidence is higher in men but occurs more 
frequently on the extremities in women. Individuals over the 
age of 55 are most frequently affected, with the mean age of 
onset at 60 years.

The biggest risk factor for SCC is chronic sun exposure. 
This is evidenced by the fact that SCC occurs most frequently 
in geographic areas that have sunny climate, such as 
California and Florida. Also, the incidence of SCC is higher 
in people who work outdoors. Other predisposing factors 
include prior trauma, frostbite, ionizing radiation, PUVA 
therapy, exposure to chemical carcinogens (arsenic, topical 
hydrocarbons, nitrogen mustards), viruses (human papilloma 
virus strains 16,18,31,33, and 35), and chronic immune sup-
pression. These tumors may also arise from preexisting 
pathology, such as the chronic inflammatory lesions of dis-
coid lupus, burn scars (Marjolin’s ulcer), osteomyelitis 
sinuses, lichen planus, and chronic stasis dermatitis. SCC of 
the lip may additionally be provoked by tobacco use.

SCCs may arise from a premalignant lesion such as actinic 
keratosis or Bowen’s disease. A clue to malignant transfor-
mation in these lesions is increased induration and inflam-
mation. Patients often notice that the lesion is growing or 
changing. Well-differentiated SCC typically presents as an 
indurated papule, plaque, or nodule with overlying adherent 
hyperkeratosis. It may become ulcerated or bleed with for-
mation of a central crust and surrounding firm, scaly margin. 
If the carcinoma is undifferentiated, it may appear as a 
fleshy, granulating nodule with central ulceration and a 
necrotic base.

Clinically, SCCs may resemble actinic keratoses, amelan-
otic melanoma, granulomatous disease, or adnexal tumors. 

If  a lesion appears suspicious for malignancy, it must be 
biopsied (Fig. 91.12).

Dermatopathologic examination typically reveals masses, 
strands, or buds of atypical keratinocytes that proliferate 
downward into the dermis. In well-differentiated tumors, 
keratin pearls may be present within or on the surface of the 
tumor. Undifferentiated types display multiple mitoses and 
little evidence of keratinization.

SCC has the capacity to metastasize. The metastatic 
potential depends on the location and size. For SCCs arising 
from actinic keratoses, the metastatic propensity reportedly 
is low (approximately 0.5%) [80], whereas for those devel-
oping de novo, the risk is 7.7–13.7%. Tumors arising from 
preexisting pathology, such as a burn scar, have a much 
higher rate of metastasis, estimated to be 20–40%. Patients 
presenting with an SCC should have regional lymph nodes 
examined clinically, as regional lymphadenopathy is often 
the first sign of metastasis. The prognosis for tumors that 
have spread is poor, with an estimated 5-year survival rate of 
26% if the metastasis is localized to regional lymph nodes 
and 23% if it has spread systemically [81].

The most widely used method for treating SCC is exci-
sion. Simple excision with clinically normal-appearing mar-
gins is often satisfactory for most lesions up to 0.5 cm. For 
tumors that are large, deep, recurrent, and have aggressive 

Figure 91.12  Squamous cell cancer. This large lesion was present for 
many months. Occasionally, when the lesion arises over a 6-week 
period, keratoacanthoma, a variant of squamous cell cancer, must be 
considered.
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histology, or are located in areas with high metastatic poten-
tial (e.g., lips or ears), the Mohs microscopically controlled 
technique should be performed. This is a tissue-sparing, 
office-based method that involves the sequential excision 
and mapping of the cancer. The final defect can be repaired 
immediately or allowed to heal by second intention. The 
Mohs technique has a 3% recurrence rate compared to an 8% 
recurrence rate with simple excision. As an alternative to 
excision, small, superficial tumors (<0.5 cm) can be destroyed 
by electrodesiccation and curettage, which yields a 5-year 
cure rate of approximately 90% [82]. Radiotherapy can also 
be effective but is typically reserved for patients who cannot 
undergo surgery or as adjunctive therapy in high-risk areas 
with perineural invasion. It is extremely expensive. The treat-
ment regimen can take as much as 4–6 weeks. This method 
relies on patient compliance; but if used properly, it has a 
5-year cure rate similar to that of electrodesiccation and 
curettage [82]. Topical retinoids have also been shown to be 
effective for some inoperable lesions [83]. Lymph node dis-
section is not indicated unless nodes are clinically involved.

Keratoacanthoma

Keratoacanthomas (KAs) are well-differentiated SCCs. 
Interestingly, in some cases, they have a tendency to resolve 
spontaneously. KAs most often appear as isolated lesions on 
sun-exposed areas of middle-age or older individuals. The 
lesion begins as a small papule that rapidly enlarges over 4–8 
weeks to form a painless nodule often containing a central 
keratin-filled crater. KAs occur twice as often in men as in 
women and are most commonly found in Caucasians.

The cause of this lesion is unknown. Human papilloma 
virus has been extracted from some lesions. Others have 
been associated with carcinogens including UV light, pitch 
and tar, and other factors such as trauma and immune sup-
pression [84]. Keratoacanthomas are usually solitary, but 
multiple lesions may arise as part of a syndrome such as 
Muirr–Torre, Ferguson Smith, or generalized eruptive KAs 
of Grzybowski [85].

Clinically, KAs appear as well-differentiated SCCs. 
Unlike most other SCCs, KAs have a history of rapid onset 
and are not usually associated with regional adenopathy. The 
history of rapid onset (4–6 weeks) is key to making the diag-
nosis and distinguishing the KA from other types of SCC. 
Biopsy of a suspicious lesion is required because KAs can 
behave like aggressive SCCs, especially when located in the 
central face. Biopsy can be incisional or excisional so long as 
it is inclusive of the full depth of the tumor down to the sub-
cutaneous fat. Typically, a biopsy shows a large central crater 
filled with keratin surrounded by buttressing epidermis. The 
keratinocytes often display nuclear atypia, mitotic figures, 
and dyskeratoses. KA-type SCCs can be differentiated from 

other SCCs histologically based on the presence of epithelial 
“lips,” which surround a central crater, and intradermal 
abscesses with an accompanying inflammatory infiltrate – 
both of which are rare features of SCCs.

There remains legitimate controversy regarding the true 
nature of KAs. Some authorities classify the lesion as a 
benign epithelial neoplasm [86], whereas others view it as an 
aborted malignancy [85] or a well-differentiated subtype of 
SCC [9, 87]. We consider KAs as a form of SCC. Unlike 
other malignancies, KAs can spontaneously regress, but they 
have also been shown to metastasize and ultimately be fatal 
[87]. Therefore, the question of identity becomes more than 
an academic exercise. KAs should be definitively treated.

Currently, most experts favor early intervention to mini-
mize local tissue destruction because localized scarring can 
occur with spontaneous healing. Those who favor excision 
recommend Mohs micrographic surgery because it allows 
resection with tumor-free margins while maximizing the 
preservation of normal skin. In a study examining 42 KAs 
treated by Mohs surgery, the rate of recurrence after 2 years 
was less than 3% [88]. Other treatment modalities include: 
curettage and desiccation, which has a recurrence rate of 8% 
[85]; cryosurgery, which is beneficial for small early KAs; 
radiation therapy; topical and intralesional 5% 5-FU; inter-
feron-a2a; podophyllin; intralesional steroids; systemic 
retinoids; and bleomycin [84]. Intralesional methotrexate 
has been advocated in cases where surgery is not an option 
and has a reported 92% rate of clearance based on retrospec-
tive analysis [89]. Any lesion that does not respond promptly 
to the above nonsurgical treatments by involuting at least 
60% should be excised [30].

Basal Cell Carcinoma

Basal cell carcinoma (BCC) is the most common type of 
malignant cutaneous neoplasm, constituting 75% of all 
nonmelanoma skin cancers. BCCs are not thought to be 
associated with a premalignant lesion. Though they are slow-
growing tumors that rarely metastasize, they can be locally 
invasive and destructive. BCCs most commonly present on 
habitually sun-exposed skin of the head and neck in fair-
skinned individuals over the age of 40. Aside from chronic 
sun exposure, race, and age, other predisposing factors 
include genetic defects (basal cell nevus syndrome, xero-
derma pigmentosa, Bazex syndrome, Rombo syndrome), 
radiation exposure, immune suppression, and prolonged 
contact with chemical carcinogens such as arsenic. The inci-
dence of BCC in the United States has been estimated at 
approximately 150 cases per 100,000 per year, with men 
more frequently affected. One exception to this trend is in the 
lower extremities where the lesion arises three times more 
commonly in women.
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The exact cell of origin of the BCC is unclear. It is thought 
to be derived from either the pluripotent stem cells of the 
epidermis or the matrix cells of epidermal appendages. The 
tumor cells histologically resemble cells in the stratum basale 
with compact, basophilic nuclei and scant cytoplasm. 
However, in support of the epidermal appendage derivation, 
tumor development occurs only in areas of the skin that have 
the capacity to develop hair follicles. The tumor cells grow in 
strands or nests into the dermis, displaying little anaplasia 
and infrequent mitosis. In the more aggressive variants, fin-
ger-like strands can extend far into dermal stroma, inducing 
significant fibrosis. A lymphocytic dermal infiltrate is usu-
ally present.

Morphologically, BCCs can be classified into at least five 
subtypes: noduloulcerative, cystic, pigmented, superficial, 
and morpheaform. The most common is the noduloulcerative 
variant, which usually starts as a small papule that slowly 
enlarges, appearing translucent and pearly with a rolled bor-
der and overlying telangiectasias (Fig. 91.13). As the tumor 
continues to grow, it eventually exceeds its own blood supply 
and becomes necrotic and centrally ulcerated (“rodent 
ulcer”). Most lesions are asymptomatic, though some are 
pruritic. Noduloulcerative BCC may resemble melanocytic 
nevi, sebaceous hyperplasia, molluscum contagiosum, SCC, 
verruca vulgaris, keratoacanthoma, amelanotic melanoma, 
atypical fibroxanthoma, or an adnexal tumor.

Cystic BCC presents as a smooth, pearly, erythematous 
nodule that rarely ulcerates. The cystic cavity may contain 
necrotic debris or mucin. This BCC variant can mimic other 
cystic lesions, such as epidermal inclusion cysts and 
hidrocystomas.

Excess melanin from epidermal melanocytes can cause 
BCCs to become pigmented. Pigmented BCCs often occur in 
dark-skin individuals and can be clinically confused with 
melanoma. Unlike melanoma, the border of this BCC variant 

is often rolled, and the color is browner in contrast to the 
black–brown hue of malignant melanomas.

The superficial variety of BCC appears as erythematous, 
scaling, raised plaques with irregular borders. This tumor 
does not invade beyond the superficial dermis. It is often 
confused clinically with benign processes (e.g., localized 
eczema or psoriasis). Superficial BCCs can be differentiated 
by biopsy.

The most aggressive BCC subtype is the morpheaform, or 
infiltrative, variety. This locally destructive lesion typically 
appears as a whitish, sclerotic patch with ill-defined borders. 
It is firm upon palpation due to the extensive fibrous stroma 
associated with the tumor. The strands of tumor cells can 
travel well beyond the clinical margin, making these tumors 
notoriously difficult to treat without the Mohs technique. 
Their differential includes morphea and scar.

Rarely, BCC will metastasize with a reported incidence of 
0.0028 to 0.5% [91]. Metastatic BCC tends to occur more 
frequently in Caucasian men, occurs on the head and neck, 
and has no increased risk with a particular histologic subtype 
although many so-called metastatic basal cell cancers have 
had squamous features. In contrast to the relatively benign 
course of primary BCC, metastatic BCC has a 5-year sur-
vival of 10% [91] and commonly affects the lymphatics, 
lungs, bone, and skin.

Knowledge of the pathology of these five primary BCC 
subtypes is important when choosing the appropriate method 
of treatment. In addition to taking the morphologic type into 
account, the proper treatment modality also depends on the 
size and location of the tumor, the age and comorbid condi-
tions of the patient, and patient preference. For patients who 
can undergo surgical procedures, electrodesiccation and 
curettage, simple excision, and Mohs surgery are the meth-
ods of choice. With the exception of the morpheaform sub-
type, most small, nonrecurrent varieties of BCC can be 
treated with simple excision, achieving a cure rate exceeding 
95% [92]. For large tumors (>1–2  cm), recurrent cancer, 
infiltrative subtypes, or cancer in the central face, which may 
invade deeply, Mohs surgery is recommended. It has the 
added benefit of being tissue-sparing and offers a cure rate 
approaching 99% for nonrecurrent lesions [93].

Nonsurgical treatment methods include radiotherapy, 
photodynamic therapy, and topical chemotherapy with agents 
such as 5-FU and imiquimod. Both topical agents are reserved 
for the superficial type of BCC because they cannot readily 
penetrate beyond the dermis. The treatment course can last 
from 2 to 6 weeks or more, thus requiring high patient com-
pliance. For 5-FU, clinical clearance rates up to 90% have 
been reported with extended treatment courses of up to 12 
weeks [94]. For imiquimod, five times weekly use for 6 
weeks has produced 1 year clearance rates as high as 85% 
and 5-year clearance rates approaching 80% [95]. 
Photodynamic therapy with ALA and MAL has been used in 

Figure  91.13  Basal cell cancer. The large nodule on the chest is a 
neglected basal cell cancer. Actinic keratoses and severe solar damage 
are noted on the rest of the chest.
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the treatment of superficial and nodular BCC. Prospective 
trials comparing standard surgery to MAL in the treatment of 
nodular lesions have revealed inferior complete responses 
for MAL-PDT (76–96%) at 5-year follow-up [96]. Amino-
levulinic acid PDT has shown response rates of 87% for 
superficial lesions and 53% for nodular lesions [97]. Increased 
response rates of nodular BCC to ALA-PDT with adjunctive 
curetting are controversial. Radiotherapy can also be used to 
eradicate BCCs but is best reserved for patients who cannot 
undergo therapy with other destructive modalities. Cutaneous 
atrophy at the treatment site is a common side effect. The 
overall cure rate approaches 90%.

Treatment of metastatic BCC relies on aggressive surgery, 
irradiation, and/or palliative chemotherapy with cisplatin, 
cyclophosphamide, 5-fluorouracil, bleomycin, and vincris-
tine. A regimen with oral retinoids, imiquimod, and cele-
coxib has been disappointing [98].

For patients presenting with a BCC, regular follow-up is 
essential because a patient with one BCC has a 36% chance 
of developing a second lesion within 5 years [93]. The pro-
tective use of sunscreen should be emphasized.

Melanoma

Melanoma is a malignant tumor of epidermal melanocytes. It 
is the fifth most prevalent cancer among men and the sixth 
most prevalent cancer among women in the United States. Its 
incidence is rising faster than any other cancer [99]. The cur-
rent lifetime risk of developing melanoma is estimated at 1 in 
55. In 2008, it is estimated that 62,480 people will be diag-
nosed with and 8,420 will die of melanoma. Age-specific 
incidence rates are highest in elderly patients. Approximately 
40% of melanomas are diagnosed in individuals over the age 
of 65, and these elderly patients seem to have a worse prog-
nosis than their younger counterparts. Specifically, although 
no comprehensive stage for stage studies have been per-
formed, Austin (1994) notes that among a cohort of 442 
patients with stage I and II melanomas, those over age 65 
demonstrated a significantly lower 5-year disease-free sur-
vival [100].

Nearly 60% of melanoma deaths occur in patients over 65 
years of age. Elderly patients have different incidences of mel-
anoma subtypes than younger patients. Men and women are 
disproportionately affected, and men have a worse prognosis. 
Male and female incidence rates are 24.6 and 15.6 per 100,000 
respectively, and the melanoma death rate in men is more than 
double that of women (3.9 vs. 1.7 per 100,000) [101].

The main risk factor for melanoma is high exposure to 
UV radiation, as demonstrated by an increased incidence of 
the tumor with decreasing latitude. Other predisposing fac-
tors include fair skin, blond or red hair, a family history of 
melanoma, congenital or atypical nevi, an inability to tan, 

and an antecedent blistering sunburn. Pigment is a protective 
factor, as demonstrated by the relative rarity of this tumor in 
dark-skinned individuals.

Melanoma is traditionally classified into four clinico-
pathologic variants: superficial spreading melanoma, nodular 
melanoma, lentigo maligna melanoma, and acral lentiginous 
melanoma. Superficial spreading melanoma (Fig. 91.14) is 
the most common subtype, comprising 40–50% of all cases 
in patients over age 65 [102]. It typically presents on the 
trunk in men and on the legs in women in their fourth to fifth 
decade. The tumor often begins as a small pigmented lesion 
that develops irregular features such as marked variations in 
color involving reds, whites, blues, and blacks, as well as 
notched borders. The tumor is characterized by a radial 
growth phase, where malignant cells are localized to epider-
mis, followed by a vertical growth phase, which signifies 
dermal invasion. The vertical phase is often heralded by ele-
vation, bleeding, and ulceration of the lesion.

The second most common type of melanoma in the elderly 
is the nodular melanoma. These lesions present as elevated, 
dome-shaped, reddish-brown nodules most commonly local-
ized on the legs or trunk; they arise more frequently in men. 
They have a short radial growth phase and therefore rarely 
grow to more than 2 cm in diameter. As they quickly enter 
their vertical growth phase, nodular melanomas can easily 
bleed and ulcerate and develop satellite lesions with surround-
ing inflammation. The tumors begin to develop during the 
fifth to sixth decade and peak in incidence during the eighth 
decade, with men more frequently affected than women. 
Nodular melanomas must be differentiated from seborrheic 
keratoses, pyogenic granulomas, and pigmented BCCs. 
Amelanotic melanoma, considered a subtype of nodular mel-
anoma, displays a similar rapid vertical growth phase. These 
lesions may lack pigment and prove difficult to diagnose.

Figure 91.14  Melanoma. This example of superficial spreading mela-
noma has irregular edges and variable coloration. The elderly have an 
increased incidence of melanoma relative to other age groups, and early 
diagnosis is the key to cure.
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Lentigo maligna melanoma develops in preexisting 
lentigo maligna lesions. Although lentigo maligna melanoma 
represents only 5% of all malignant melanoma cases, it 
accounts for 10% of melanoma cases in the elderly. Lentigo 
maligna is, in essence, an in situ melanoma that is in a hori-
zontal growth phase that can last for decades before proceed-
ing to a vertical growth phase. Transformation to lentigo 
maligna melanoma is defined as invasion of malignant mel-
anocytes into the dermis and is heralded by the formation of 
an elevated nodule.

Like lentigo maligna melanoma, acral lentiginous mela-
noma also occurs with a disproportionately greater frequency 
in the geriatric population. Unlike all other subtypes, these 
melanomas most commonly affect Blacks, Asians, and 
Hispanics. Acral lentiginous melanoma appears as a macu-
lar, hyperpigmented area with irregular borders and a blue to 
black color; it arises on the plantar or palmar surfaces of the 
hands and feet, on mucous membranes, and in the subungual 
areas of nails. Its location often leads to the mistaken diagno-
sis of traumatic hematoma. These tumors are therefore often 
diagnosed at an advance stage. When the tumor becomes 
invasive, it may appear nodular and ulcerate and may bleed.

Any pigmented lesion that has undergone changes in size, 
shape, or color or is inflamed, oozing, bleeding, or itching, or 
is larger than 5 mm in diameter should be considered malig-
nant until proven otherwise by biopsy. The most frequently 
occurring colors in melanomas are shades of brown, red, white, 
or blue and black. Pinks and reds signify inflammation. A blue 
color arises from light scattering from pigment deep within the 
dermis (Tyndal effect) and is a poor prognostic indicator.

Lesions suspicious for malignant melanoma should 
undergo elliptical or tangential excisional biopsy. For large 
tumors or those that cannot be completely excised because of 
their anatomic location, an incisional biopsy, such as a punch 
or elliptical biopsy, is recommended.

Although prognosis depends on the type of lesion and the 
presence or absence of lymphatic invasion, the single strongest 
prognostic factor is the depth of the melanoma measured in 
millimeters (Breslow depth) (Table  91.1). Clark’s level is 
sometimes reported but is no longer used as reliably as the 
Breslow depth. Clinical subtypes of melanoma vary in aggres-
siveness. For example, lentigo maligna melanoma has a long 
horizontal growth phase and is usually recognized prior to the 
development of metastases.

The American Joint Committee on Cancer has devised a 
classification system for melanomas that not only takes depth 
into account but also the extent of regional or distant metas-
tasis. The seventh edition was published in 2010 and is cur-
rently the system in use [103]. This clinical staging system is 
designated the TNM classification. The T component is 
based on Breslow thickness and histologic evidence of ulcer-
ation. Newly added was mitotic index for small, T1 lesions, 

less than one millimeter in thickness. The N component is 
based on the extent of regional lymph node involvement and 
the tumor burden of the nodes. While the sixth addition 
allowed use of microscopic staging of lymph nodes, newly 
added in the seventh edition is the immunohistochemical 
designation of positive lymph nodes using melanoma-asso-
ciated markers such as HMB-45, Melan-A/MART-1. The M 
component is based on anatomic site of distant metastases 
and the serum lactate dehydrogenase level. The TNM clas-
sification defines five stages based on prognosis: stage 0 (in 
situ melanoma), stage II (local disease), stage III (regional 
nodes, in transit and satellite metastases), stage IV (distant 
metastases). The stage groupings and clinical/pathologic cri-
teria are described in Table 91.2.

Elderly patients tend to present with poor prognostic fea-
tures and therefore have increased mortality rates. Malignant 
melanoma in the elderly tends to present later, be thicker, 
have histologic ulceration, and be of nodular type. 
Additionally, elderly patients present more frequently with 
satellite and in transit metastases and have anatomic localiza-
tion to areas other than the head and neck [104]. The reasons 
for this are complex but likely include some combination of 
decreased vision, increased tolerance for skin lesions, 
decreased social support, and increased comorbidity.

Patients presenting with malignant melanoma should be 
thoroughly evaluated. This includes a complete physical 
examination with special attention to a total body skin exam-
ination and lymph node palpation, laboratory studies includ-
ing a complete blood count with differential, liver function 
tests, and chest radiography. Treatment of malignant mela-
noma depends on the depth and stage of the tumor. Though 
most authorities agree that excision of the primary lesion is 
the mainstay of treatment for all stages of malignant mela-
noma, there is controversy surrounding the size of the exci-
sional margin and the method with which the margins are 
obtained.

Table 91.1  Clark and Breslow classification of malignant melanoma

Clark level

I Tumor does not invade dermis
II Tumor invades only papillary dermis
III Tumor expands into papillary dermis but spares 

reticular dermis
IV Tumor invades reticular dermis
V Tumor invades subcutaneous tissue

Breslow level (mm) Excision margin Sentinel node studies

1 1 cm No
1.0 –1.5 1–2 cm +/–
1.5–4.0 2–3 cm +
4 3 cm No
Breslow depth does not correspond precisely to Clark level. It is used 
for prognostic purposes and to direct therapy.
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In situ lesions (Clark’s level I, TNM stage 0) are by  
definition noninvasive. The goal for treatment of these 
lesions is to remove all tumor cells locally. If standard exci-
sion is the method of choice, usually 0.5-cm margins are 
adequate for in situ lesions. However, if the tumor is clini-
cally ill-defined, wider margins may be advisable. The 
tumor margins should be assessed with a Wood’s lamp and 
marked prior to administration of anesthesia. Lesions that 
have invaded the dermis and that are up to 1 mm in depth 
require excisional margins of 1  cm. Margins of 2  cm are 
recommended for lesions with a Breslow depth of 1.0–
4.0 mm. Any lesion more than 4 mm thick should undergo 
wide excision with margins up to 3- to 5-cm.

The role of lymphadenectomy in malignant melanoma 
is controversial. Prophylactic lymphadenectomy is not 
indicated for in situ lesions, as they do not show evidence 
of metastasis. Sentinel lymph node biopsy, a procedure that 
permits biopsy of the first node that drains a regional lym-
phatic plexus and is thought to be representative of all 
nodes in that region, is advocated for all patients with pri-
mary melanomas >1 mm thick and for patients with high-
risk thin (<1 mm) or stage IB (ulcerated) melanomas. The 
role of sentinel node biopsy versus clinical observation has 
recently been addressed by the Multicenter Selective 

Lymphadenectomy trial-1 [105]. This prospective random-
ized multicenter trial demonstrated that the result of the 
sentinel node biopsy is the most powerful independent pre-
dictor of survival, but it did not demonstrate that the senti-
nel lymph node biopsy itself leads to a survival advantage. 
Contrary to previous speculation, the performance of the 
sentinel lymph node biopsy was not associated with the 
development of in-transit metastases. Despite the absence 
of a clear survival benefit, the sentinel node biopsy does 
provide valuable staging information and can lead to better 
management of regional disease. Patients with nodal metas-
tases as demonstrated by the sentinel node biopsy should 
undergo complete lymph node dissection [106]. Lymph 
node involvement carries a poorer prognosis, with the 
5-year survival dropping to 40%. Because malignant mela-
noma is considered a radioresistant tumor, the role of irra-
diation in metastatic disease is mostly palliative.

In the treatment of advanced metastatic disease, immuno-
therapeutic strategies are a focus of great interest. Specifically, 
an increasing number of clinical trials with interleukin-2, 
interferon, allogeneic whole-cell vaccines, recombinant viral 
vectors, adoptive immunotherapy combined with lymphode-
pletion, CTLA-4 blockade, allogeneic cell lysates, and den-
dritic cell manipulation are advancing our understanding of 

Table 91.2  American Joint Committee on cancer classification for malignant melanomas

Stage Classification Clinical and pathologic criteria

O Tis NO MO In situ melanoma
IA T1a NO MO 1.0 mm2 or less in thickness, no ulceration, mitoses less than 1/mm2++

IB T1b NO MO With ulceration or mitotic rate more than 1/mm2

T2a NO MO 1.01– 2.0 mm2 in thickness
IIA T2b NO MO 1.01– 2.0 mm2 with ulceration

T3a NO MO 2.01– 4.0 mm without ulceration
IIB T3b NO MO 2.01– 4.0 mm2 in thickness with ulceration

T4a NO MO > 4.0 mm2 in thickness without ulceration
IIIA T1-4a N1a MO Any invasive T excluding > 4 mm2 in thickness with ulceration, 1 regional node 

with micrometastasesa

T1-4a N2a MO Any invasive T excluding > 4 mm2 in thickness with ulceration, 2–3 regional nodes 
with micrometastases

IIIB T1-4b N1a MO Any invasive T, 1 regional node with micrometastases
T1-4b N2a MO Any invasive T, 2–3 regional nodes with micrometastases
T1-4a N1b MO Any invasive T excluding > 4 mm2 in thickness with ulceration, 1 regional node 

with macrometastases
T1-4a N2b MO Any invasive T excluding > 4 mm2 in thickness with ulceration, 2–3 regional 

macrometastases
T1-a/b N2c MO In transit or satellite metastases without nodal metastases

IIIC T1-4b N1b MO Any invasive T, 1 regional node with macrometastases
T1-4b N2b MO Any invasive T, 2–3 regional macrometastases
Any T N3 MO Any T, >/= 4 regional nodes including in-transit or satellite metastasis with positive 

metastatic nodes
IV Any T Any N M1 Any lesion with distant skin, subcutaneous, lymph node, or organ metastases
Source: Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is the 
AJCC Cancer Staging Manual, Seventh Edition (2010) published by Springer Science + Business Media, LLC, www.springlink.com
a Micrometastases now includes those seen on standard H&E staining or with melanoma-specific immunohistochemical markers



1238 M.A. McFerren and D.J. Leffell

tumor immunology and maybe extending life [107, 108]. 
The prognosis of patients with widely metastatic disease 
remains poor, but the full development and refinement of 
these strategies are progressing.

The perception that aggressive systemic therapy may 
have unacceptable toxicity in the elderly has limited our 
understanding of the effect of patient age on chemotherapy 
efficacy and toxicity. In the treatment of melanoma with 
isolated limb perfusion, patients of increased age demon-
strated similar response rates with no increase in local or 
systemic toxicity [109]. Similarly, in a small group of 
elderly patients treated with high-dose IL-2 for melanoma 
and other tumor types, there was no demonstrated increase 
in adverse events to warrant their exclusion in future studies 
[110]. Therefore, while chronological age itself may not 
affect the efficacy or toxicity of any particular therapy, prac-
tical considerations necessitate the careful evaluation of 
comorbid disease, functional and mental status, support net-
work, and patient willingness to tolerate the difficult side 
effects of treatment.

Patients who have been diagnosed with melanoma need 
close follow-up because they may be prone to developing a 
second primary tumor. Most recurrences arise within the first 
18 months but can be delayed for many years. Follow-up 
should occur four times a year for the first year and at least 
twice a year thereafter [111]. Early recognition of local or 
regional disease or new primary melanoma lesions in this 
population can significantly alter the mortality rate from 
malignant melanoma.

Atypical Fibroxanthoma

Atypical fibroxanthoma is a spindle-cell neoplasm of mes-
enchymal origin that develops on the head and neck of 
elderly, light-skinned individuals. The tumor clinically pres-
ents as an asymptotic, solitary, firm nodule less than 2 cm in 
diameter which may go on to ulcerate or hemorrhage. 
Grossly, the lesion can resemble a SCC, BCC, epidermoid 
cyst, or pyogenic granuloma. Risk factors for tumor devel-
opment include chronic sun exposure, radiation, local 
trauma, and male gender.

One of the unique features of this tumor is its malignant-
appearing histology. Aside from the well-defined tumor 
margins and absence of deep tissue invasion, the tumor 
appears histologically indistinguishable from malignant 
fibrous histiocytoma [112]. It is composed of sheets of 
polymorphous cells, including spindle cells, large polyhedral 
cells, and giant multinucleated cells with marked nuclear 
atypia and numerous mitoses.

Despite its malignant histology, atypical fibroxanthoma 
has a relatively benign course. Metastases, however, have 

been reported [113]. This has led some to classify the tumor 
as a superficial form of malignant fibrous histiocytoma [112], 
therefore requiring treatment.

Mohs surgery is the treatment for atypical fibroxanthoma. 
Recurrence rates range from 0 to 6.9% [114, 115]. 
Electrodesiccation and curettage is not considered adequate 
treatment because it does not remove the deep tissue, which 
may be invaded by tumor cells. The recurrence rate with 
tumors treated by wide excision is estimated to be approxi-
mately 10% [114]. Mohs surgery, which has the added 
advantage of conserving more normal tissue than wide exci-
sion, is currently the preferred method of treatment.

Merkel Cell Carcinoma

Merkel cell carcinoma is a rare malignant tumor of the neu-
roendocrine-derived Merkel cell. This tumor of unknown 
etiology typically affects persons over the age of 65, though 
cases of Merkel cell carcinoma developing in individuals as 
young as 7 years of age have been reported [116]. There have 
been no documented differences in incidence between men 
and women.

Merkel cell carcinoma manifests as rapidly growing, 
solitary, pink to violet nodules on sun-exposed skin. These 
firm, dome-shaped nodules are most commonly distributed 
on the head and neck (50% of cases), extremities (40% of 
cases), and trunk (10% of cases) of elderly Caucasians. 
Most tumors are less than 2 cm in diameter but can grow to 
become as large as 15 cm. The overlying epidermis may be 
shiny and intact with fine telangiectasias, or it may be ulcer-
ated. Because of its nonspecific presentation, Merkel cell 
carcinoma is often not recognized prior to biopsy. It may be 
misdiagnosed as an SCC or BCC, a desmoplastic or amelan-
otic melanoma, a pyogenic granuloma, or a cutaneous 
metastasis of an oat cell carcinoma. Light microscopy may 
not be diagnostic because the tumor mimics other poorly 
differentiated small-cell tumors. The tumor is typically 
comprised of clusters of small, undifferentiated cells pos-
sessing scant cytoplasm that form trabeculae separated by 
strands of connective tissue. The trabeculae may extend 
down to the subcutaneous fat but do not invade the epider-
mis. Frequent mitoses and necrotic cells may be present. 
Confirmation of the diagnosis may require electron micros-
copy, which shows the characteristic secretory granules and 
paranuclear fibrous bodies.

Once the diagnosis of Merkel cell carcinoma is con-
firmed, a complete physical examination with attention to 
regional lymphadenopathy and organomegaly and a thor-
ough workup including chest radiography and baseline 
laboratory tests, with liver function tests, should be per-
formed. Merkel cell carcinoma is an aggressive tumor with 
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a high rate of local recurrence and early lymphatic spread. 
The treatment protocol for Merkel cell carcinoma is stage-
dependent. Stage I or localized disease that has no evi-
dence of lymph node metastases is treated by wide local 
excision. For localized tumors, adjuvant therapy with irra-
diation of the primary site is frequently employed, espe-
cially if there is angiolymphatic invasion. The role of 
prophylactic or elective complete lymph node dissection is 
controversial, but it has been utilized because of the high 
incidence of lymph node metastases in early disease [117, 
118]. Limited studies have advocated a role for lower mor-
bidity sentinel lymph node biopsy in the early detection of 
regional lymph node metastases, but the overall data to 
demonstrate its role in predicting survival end points is 
weak. Sentinel node biopsy may, however, be useful as a 
tool in determining the appropriate nodal basin for elective 
radiation therapy [119].

About 55–65% of stage I lesions progress to stage II or 
locally recurrent disease [120]. Stage II disease is defined by 
metastases to regional lymph nodes. Treatment involves 
wide excision of the primary tumor in combination with irra-
diation and lymph node dissection. Despite aggressive ther-
apy, which may also involve chemotherapy, the mortality 
rate of stage II disease approaches 66%.

One-third of all patients with Merkel cell carcinoma prog-
ress to stage III, or systemic disease involving distant metas-
tases. Stage III disease is managed primarily with 
chemotherapy. Chemotherapeutic agents similar to those 
used for treating oat cell carcinoma have been shown to be 
the most efficacious. The prognosis for stage III disease is 
grim, with an expected survival of less than 12 months. The 
average length of survival may increase with the use of 
in vitro assays that test a tumor’s specific drug sensitivities, 
allowing optimization of the chemotherapeutic regimen 
[120]. Targeted chemotherapy has recently shown prelimi-
nary experimental success with intratumor natural human 
tumor necrosis factor, systemic imatinib, isolated limb perfu-
sion, and autologous peripheral blood stem cell transplanta-
tion receiving attention [119]. Owing to the high recurrence 
rate of this tumor, patients who initially present should be 
followed monthly for the first 2 months, every 2–3 months 
for the next 2 years, and every 6 months thereafter.

Dermis

Angiosarcoma

Angiosarcoma is a rare malignant tumor arising from vascu-
lar or lymphatic endothelium. The lesion often starts as a 

dusky erythematous, painless, “bruise-like” macule with 
poorly differentiated margins that proceed to ulcerate and 
hemorrhage as the cancer progresses to involve subcutane-
ous tissue. This aggressive vascular tumor, which affects 
men more commonly than women, has a predilection for the 
scalp and face of patients over the age of 60. Its etiology is 
unknown, although human herpes virus 8 [121] and envi-
ronmental toxins such as Thorotrast, vinyl chloride, and 
insecticides have been implicated [122]. Chronic 
lymphedema and chronic radiodermatitis are predisposing 
factors.

Histologically, the early stages of the tumor show endothe-
lial cell-lined intercommunicating vascular channels that 
appear to dissect through collagen bundles [123]. During the 
later stages, the tumor loses its organized vascular pattern 
and develops into large cell aggregates. There is subsequent 
formation of solid nodules of tumor followed by invasion of 
vascular channels.

The clinical appearance of this purple, flat, indistinctly 
bordered tumor often leads to its misdiagnosis as a bruise, 
hemangioma, or infections such as chronic cellulitis, local-
ized lymphedema, or scarring alopecia [123]. The persis-
tence of a bruise-like lesion, especially in an elderly 
individual, should warrant a biopsy. Angiosarcomas are fre-
quently recognized late in their course, which partially 
accounts for their poor prognosis, with an estimated 5-year 
survival 12–27% [122]. They tend to recur locally and metas-
tasize early in their course. Important prognostic factors 
include size, grade, and location of the tumor. High-grade 
tumors >5  cm located on the face tend to carry the worst 
prognosis [122, 123]. The mainstay of treatment is local 
excision combined with radiotherapy. Other forms of treat-
ment, such as chemotherapy, have not been shown to alter 
survival significantly [121] but may be useful for short-term 
palliation [124].

Conclusions

Common cutaneous neoplasms that afflict the elderly arise 
from the epidermis or dermis and can be benign, prema-
lignant, or malignant. Recognizing these lesions is impor-
tant for providing care to a growing geriatric population. 
A regular, thorough skin examination enables physicians 
to monitor the elderly patient closely for the development 
of precancerous and cancerous lesions, which can 
ultimately be life-threatening. Minimizing the risk of 
malignant tumor development by avoiding precipitating 
factors such as UV radiation should be emphasized in this 
population.
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Case Study

Recurrent Basal Cell Carcinoma On The Nose  
Of A 75-Year-Old Woman

A 75-year-old woman presented with a slowly growing 
scar-like lesion at the junction of the right nasal ala and 
cheek. It was present for approximately 3 years. She 
noted a one-month history of a nonhealing lesion at the 
same site. Dermatologic history was significant for a 
BCC of the right nasal ala that was treated by electrode-
siccation and curettage 5 years earlier. There was no his-
tory of radiation therapy. Her medical history was 
significant for insulin-dependent diabetes and hyperten-
sion. Social history was significant for loss of her hus-
band 2 years ago. She lives alone.

Examination of the right cheek and right nasal ala 
demonstrated a 1.5 × 1.5 cm irregular, indurated, smooth-
surfaced, shiny plaque with an indistinct border. Within 
this lesion, on the right ala, was a 3-mm crusted telangi-
ectatic papule with hemorrhagic crust.

Laboratory data, including CBC, LFTs, and renal 
function tests were normal. A biopsy from the edge of 
the plaque demonstrated irregular, narrow, strand-like 
proliferations of palisading, basaloid tumor islands in a 
dense fibrous stroma that extended to the base of the 
biopsy. These histologic features were consistent with 
BCC, sclerosing or morpheaform subtype. Mohs surgery 
was selected as the treatment of choice

The first stage of Mohs surgery revealed a BCC 
with distinct nodular and morpheaform features. There 
was a focal area of epidermal ulceration and a nodule 
of palisading basaloid tumor islands extending from 
the deep epidermis into the superficial and mid-dermis. 
In the deeper and lateral sections, there were morphea-
form strands of basaloid cells extending to the margins 
of the specimen. The tumor was cleared after the sec-
ond stage of Mohs surgery. The postoperative defect 
extended to the cartilage of the ala and measured 
2.5 × 2.3  cm. The wound was repaired under local 
anesthesia only in the office setting with an auricular 
cartilage graft and subcutaneous hinge flap. The sec-
ondary defect was closed in a linear fashion, and the 
area over the graft was left to epithelialize by second 
intention.

Discussion

Morpheaform BCCs and BCCs of mixed type that have 
morpheaform features are slow-growing, asymptomatic, 
and resemble scars, making them easily neglected by 
elderly patients. The clinical borders are indistinct, and 
the histologic tumor often extends far beyond what the 
clinical appearance would suggest. These cancers have a 
propensity for invasion and destruction of adjacent tis-
sues, and they have a higher risk of recurrence than other 
subtypes of BCC.

Superficially destructive procedures such as cryother-
apy, electrodesiccation and curettage, topical imiquimod, 
or elliptical excision have an increased risk of recurrence 
as demonstrated in this case. Mohs micrographic surgery 
is the treatment of choice as it offers the most complete 
margin evaluation and provides for immediate recon-
struction if indicated. Mohs surgery is an office proce-
dure performed using local anesthesia and is generally 
well tolerated. To facilitate the procedure, there should 
be proper preoperative consultation that addresses men-
tal status issues, medication use, anticoagulants, the need 
for prophylactic antibiotics, and comorbid conditions. In 
the perioperative period, elderly patients often require 
additional support including attention to positional and 
emotional comfort as well as monitoring for orthostatic 
hypotension, hypoglycemia, and cardiovascular events. 
Anxiety can often be allayed with casual conversation.

Because of the large defects that may result from exci-
sion of morpheaform lesions, comorbidities such as dia-
betes, vascular disease, and the generalized slower wound 
healing in the elderly must be considered. It must be 
remembered that complex multistage repairs, while tech-
nically possible, may not be advisable in the elderly con-
sidering longer operative times and prolonged recovery.

In the postoperative period, pain is most often man-
aged with acetaminophen alone. When more potent anal-
gesics are required, slower drug metabolism, decreased 
glomerular filtration rates, and potential drug interac-
tions from polypharmacy must be considered. 
Additionally, the postoperative need for complex or pro-
longed dressing changes with uncommon materials 
should be avoided. In general, wound care instructions 
are discussed with the patient as well as any caregiver 
present. Before discharge, adequate time is provided for 
patients to ask questions including concerns for cosmesis 
and recurrence. As follow-up, we advocate same evening 
and 24-h phone calls with lesion checks at 1 week.
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Introduction

The management of soft tissue sarcomas in the elderly 
population requires a multidisciplinary approach. These rare 
tumors have a wide range of growth patterns and metastatic 
potential, much of which can be discerned by the pathologic 
subtype. Increasing age alone has repeatedly been demon-
strated to have a negative impact on death from this disease. 
While surgery continues to be the primary treatment for 
sarcomas, radiation and chemotherapy have selective utility. 
The benefits of an aggressive approach must be weighed 
against the morbidity of treatment, particularly in the geriatric 
population.

Risk Factors

The majority of soft tissue sarcomas have no defined cause 
and are secondary to sporadic multiple mutations. However, 
hereditary forms do exist and are important to recognize 
(Table 92.1), as the mutation confers a lifelong risk of dis-
ease that may be augmented by prior treatments such as che-
motherapy or radiation. The retinoblastoma population is an 
example of this phenomenon. These patients present at a 
young age for treatment, which often involves radiation. 
Forty-year follow-up of patients with hereditary retinoblas-
toma has found secondary malignancy in 36% of the patients, 
many of which are sarcomas [1, 2].

Additional risk factors for sarcoma include environmental 
toxins. Radiation predisposes to the development of sarco-
mas, and can been seen after radiation for any cancer, but 
particularly breast cancer, Hodgkin’s disease, prostate cancer, 
and cervical cancer [3]. The majority of these radiation-
induced sarcomas are high grade, and the ability to com-

pletely remove the new tumor predicts survival [4]. Chronic 
lymphedema predisposes to lymphangiosarcoma, or Stewart 
Treves syndrome [5]. Although there has been a suggestion 
that veterans exposed to Agent Orange have an elevated risk 
of sarcoma, this has never been shown to be a significant 
factor in case-controlled studies [6]. Vinyl chloride and poly-
vinyl chloride exposure are associated with an increased risk 
of hepatic angiosarcomas [7].

Staging

Soft tissue sarcomas are classically defined by size, depth, 
grade, and presence of lymph node or distant metastasis [8]. 
The presence of lymph node metastasis is rare. There are 
over 50 different subtypes of sarcoma, with different poten-
tial for recurrence and metastasis. More recently, Memorial 
Sloan-Kettering Cancer Center (MSKCC) has developed a 
nomogram to predict survival from sarcoma [9]. The factors 
demonstrated to most accurately predict survival are sarcoma 
subtype, grade, size, anatomic site, depth, and patient age. 
This nomogram has been validated with patients at other 
institutions [9, 10].

Evaluation and Biopsy

Most patients with soft tissue sarcomas present with an 
asymptomatic mass [11]. The differential diagnosis of a mass 
includes a hematoma, benign lipoma, lymphoma, germ cell 
tumor, and sarcoma. A history of an enlarging or changing 
lesion should raise the suspicion for a malignancy. Physical 
exam should focus differentiation between a soft, mobile 
lesion and one that is fixed or invading local structures.

Imaging will assist in determining the features of the mass 
and its relation to neurovascular structures. An MRI will 
clearly demonstrate fat and muscle planes and may be more 
useful in the elderly population that tends to have an increased 
fat composition. A CT Scan will often clarify intra-abdominal 
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lesions with improved clarity. PET scans are rarely used as 
sarcomas tend not to be FDG avid. Some lesions will be 
homogeneous and small and can be observed. Any lesion 
that is changing, heterogeneous on imaging, or large should 
be considered for biopsy or removal.

Biopsy can be performed by fine-needle aspiration (FNA), 
core-needle biopsy, incisional biopsy, or excisional biopsy. 
An FNA rarely provides enough tissue for utility. A core 
biopsy can be performed easily in the clinic with 95% accu-
racy [12]. An incisional biopsy provides an abundance of tis-
sue; however, it requires a surgical procedure for the patient 
and risks the formation of hematoma postoperatively. This 
procedure must be carefully planned with a longitudinally 
oriented incision that can be incorporated in a future resec-
tion. Small tumors that are less than 5 cm and easily resectable 
can be removed by an excisional biopsy.

The biopsy grade and histologic subtype will be the most 
important data gained from the biopsy. Integration of this 
information with the site, size, and depth will provide impor-
tant prognostic information. This can be used to derive an 
optimal treatment plan for the patient.

Surgery for Sarcoma in the Geriatric 
Population

Of over 7,000 adult sarcomas removed at MSKCC and 
maintained in our database, there is a difference in the histo-
pathological subtype of soft tissue sarcomas based upon age. 
As shown in Fig. 92.1, the common subtypes such as malig-
nant fibrous histiocytoma (MFH), liposarcoma, and leiomy-
osarcoma prevail in both groups; however, there are a few 
notable differences. Synovial cell sarcoma is classically a 
tumor of young patients. Desmoids are slow-growing tumors 
that tend not to metastasize; therefore, the low incidence of 
these patients seen in our database may reflect a referral bias 
of older patients. As the designation of MFH is being more 

accurately defined in recent years, it is possible that the 
higher prevalence in the geriatric population reflects the 
imprecision of earlier diagnoses.

The decision to operate on an extremity sarcoma in an 
elderly patient is based upon multiple factors. First, there 
must be an adequate understanding of the natural history of 
the disease in the absence of treatment. Second, there must 
be awareness of the additional therapies, namely radiation or 
chemotherapy. The morbidity of treatments, surgical or 
medical, must then be balanced with the risk associated with 
the tumor and the underlying condition of the patient. The 
major advancement in understanding the natural history of 
sarcomas comes from the ability to subtype sarcomas based 
on histopathology and molecular features. With this under-
standing, a physician can tailor the treatment to the individ-
ual patient. This review will focus on treatment of the most 
common types of sarcomas in the geriatric population.

Extremity/ Truncal Sarcomas

The primary treatment of an extremity or truncal sarcoma is 
surgical excision. The type of surgery is guided by subtype 
and anatomic location. In the geriatric population, the most 
common subtypes in the extremity are malignant fibrous 
histiocytoma (MFH), liposarcoma, and leiomyosarcoma as 
shown in Fig. 92.2. In the trunk, the most common subtypes 
are MFH, angiosarcoma, and liposarcoma. This is in contrast 
to the younger population, where synovial cell is observed 
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Figure 92.1  Incidence of sarcoma subtypes over a 25-year period at 
Memorial Sloan-Kettering Cancer Center (MSKCC). The data is shown 
for the geriatric population, and for those patients under 70. The data is 
expressed as the total number of sarcomas (n = 7,531).

Table 92.1  Risk factors for development of soft tissue sarcoma

Risk factor Sarcoma

Gene mutation Gardner’s syndrome/
APC mutation

Desmoid

Li–Fraumeni syndrome/
p53 mutation

Soft tissue,  
osteogenic

Neurofibromatosis type 1/ 
NF-1 mutation

Malignant peripheral 
nerve sheath tumor

Retinoblastoma/Rb 
mutation

Soft tissue, osteogenic

Radiation Primarily high grade, 
multiple subtypes

Lymphedema Postsurgical or parasitic Lymphangiosarcoma
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more often in the extremity, and desmoids are observed more 
often in the trunk. Additional therapy includes radiation and 
chemotherapy, which can be administered in an adjuvant or 
neoadjuvant fashion.

Surgical Management

The grade of the tumor and the size are the first items that 
will guide the treatment algorithm. Both can be obtained 
from the clinical exam, radiology studies, and possible 
biopsy. As shown in Fig. 92.3, any lesion less than 5 cm can 
be primarily removed, if it is in a location where the postop-
erative field of radiation would not cross a joint or damage a 
major neurovascular structure. Lesions greater than 10  cm 
should be biopsied, as some high-grade lesions can be offered 
neoadjuvant chemotherapy.

Role of Amputation

A prospective, randomized trial published in 1982 did not dem-
onstrate a survival advantage for amputation in patients with 
extremity sarcoma. Forty-three patients, all undergoing chemo-
therapy, consented to either amputation or wide excision (WE) 
with postoperative radiation. Analysis at 5 years demonstrated 
an increased local recurrence rate in patients with WE; how-
ever, there was no difference in disease-specific survival (DSS) 
at 5 years (71% vs. 78%, p = 0.75) [13]. The efficacy of 
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Consider neo-
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Figure 92.3  Treatment algorithm for extremity sarcoma in the geriatric patient.
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limb-sparing surgery (LSS) in managing sarcomas has been 
confirmed in follow-up studies from later time periods [14]. 
The indications for amputation currently are limited to large 
tumors, where limb-sparing resection would not remove the 
majority of the disease or would result in a limb with poor 
function. Over the years, the incidence of amputation has 
diminished for extremity sarcoma, as shown in Fig. 92.4, and 
many complicated lesions can be managed with surgery alone 
or in combination with radiation and chemotherapy.

Low-Grade Extremity Lesions

Atypical lipomatous tumors (ALT) and well-differentiated 
liposarcomas are similar and should be treated with a wide 
local excision that preserves function and obtains a negative 
margin. For those patients with a complete, R0 resection, the 
risk of recurrence is extremely low. In a study of 91 patients 
with ALT or well-differentiated liposarcoma, there were no 
recurrences in 10 years of follow-up for those patients with a 
negative margin and the absence of a sclerosing component. 
Distant metastatic disease developed in only one patient who 
had dedifferentiated sarcoma in the recurrence [15]. Geriatric 
patients with a microscopic positive margin can either be 
reexcised or observed, as a recurrence may not happen, or it 
may take many years to develop. There is no role for adju-
vant radiation or chemotherapy in these lesions.

Dermatofibrosarcoma protuberans is a low-grade tumor. 
Only the fibrosarcomatous variant carries a small risk of met-
astatic disease [16]. These lesions should also be treated with 
primary surgical resection. Because DFSP tend to grow along 
tissue planes that extend beyond the palpable tumor, when-
ever possible the operation should include a margin of normal 
subcutaneous tissue around the palpable mass, and the under-
lying fascia. With surgery obtaining negative margins, the 
rate of local recurrence is <5% at 5 years; therefore, there is a 
limited role for adjuvant chemotherapy or radiation [16].

Desmoids are composed of myofibroblasts. The manage-
ment is complicated, as they do not have metastatic potential 
yet they can be locally invasive. Extremity desmoids should 
be treated with a wide excision to obtain negative margins yet 
preserve functional outcome. In a series of 189 extremity 
desmoids, the local recurrence rate at 5 years for patients with 
a negative margin was 22%; in patients with a positive margin 
the recurrence rate was 24%, yet some of those patients had 
adjuvant radiation [17]. This provides evidence that debilitat-
ing operations should not be performed in an effort to obtain 
negative margins. The role of radiation therapy for extremity 
desmoids remains controversial but radiation should be used 
sparingly. Desmoids are low-grade tumors that never metas-
tasize, and even when they do recur locally they can remain 
stable for many years even without treatment, as demon-
strated in the case at the end of this chapter.

High-Grade Lesions

The common high-grade sarcomas of the extremity and trunk 
in geriatric patients include leiomyosarcomas, malignant 
fibrous histiocytoma (MFH), liposarcomas (dedifferentiated, 
pleomorphic, myxoid round cell), and angiosarcoma. The 
primary treatment of these lesions is surgery, alone or in 
combination with radiation or chemotherapy.

Malignant fibrous histiocytoma (MFH) is a term that has 
been used to characterize high-grade lesions with a fibrohis-
tiocytic pathology over the years. Today, with improved his-
tologic subtyping, many of the lesions originally characterized 
as MFH can be assigned other high-grade nomenclature, or 
are referred to as high-grade undifferentiated pleomorphic 
sarcoma. Therefore, today this term encompasses lesions 
that are high grade and can not otherwise be placed into 
another grouping. However, myxofibrosarcomas are one 
type  of MFHs which have a more discernable pattern and 
characteristic growth pattern.
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Figure 92.4  Incidence of 
amputations in patients at 
Memorial Sloan-Kettering 
Cancer Center (MSKCC) from 
1968 to 2006. Note the increase 
in the number of limb-sparing 
surgeries performed since the 
1980s. While the number of 
amputations remains relatively 
stable, the number of amputa-
tions per procedure performed 
has markedly decreased.
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Myxofibrosarcomas tend to occur in the extremity of 
elderly patients. These tumors can have satellite nodules or 
extensions well beyond the primary location of the tumor, 
which may in part explain the greater than 50% recurrence 
observed in some series [18–20]. One strategy to minimize 
recurrence is to carefully review the preoperative CT Scan or 
MRI for evidence of multifocal lesions as well as sites of dis-
tant spread such as lung, bone, soft tissue, and mesentery 
[21]. These tumors are often relatively resistant to radiation 
and chemotherapy, making surgery essential to local control.

Angiosarcoma is an aggressive tumor of the blood or 
lymphatic vessels. Risk factors include a limb with chronic 
lymphedema (Stewart–Treves Syndrome) [22], as well as 
radiation. It has been noted in the breast and pelvis after radi-
ation for malignancy [4, 23], and therefore it unfortunately is 
a near lethal consequence of treatment aimed to reduce local 
recurrence. This tumor is aggressive and often multifocal at 
presentation, which challenges the ability to obtain negative 
margins. The overall survival is poor, with ranges reported 
between 21% at 2 years [24] and 40% at 5 years [4], so the 
utility of radiation, a potential causative factor, in reducing a 
local recurrence needs to be balanced with the risk of devel-
opment of an aggressive secondary malignancy. In patients 
with extensive and multifocal angiosarcoma at presentation 
paclitaxel-based neoadjuvant chemotherapy may be used.

Malignant peripheral nerve sheath tumors (MPNST) can 
arise sporadically or when associated with NF-1 from neuro-
fibromas. Most MPNST are high grade, and they commonly 
occur in the trunk or extremity in the geriatric population; 
however, they can arise from the nerve sheath anywhere in 
the body. MPNST has an infiltrative, poorly discernable 
growth pattern that extends beyond the palpable tumor along 
the fascicles of the nerve root. Surgery should include a 2 cm 
margin with an additional 2–3 cm of the nerve whenever pos-
sible. Preoperatively, the patient needs to be educated and 
prepared for possible loss of motor function. Patients with 
acceptable comorbidities and a large (>10  cm) MPNST 
should be considered for neoadjuvant chemotherapy, while 
smaller tumors should receive surgical resection and radia-
tion. Survival for MPNST tumors treated aggressively paral-
lels that of other high-grade sarcomas [25].

Role of Radiation

Radiation reduces the risk of local recurrence when used as 
an adjuvant to surgery, and it can be used in a preoperative 
fashion to shrink tumor away from vital structures. These 
benefits of radiation must be balanced with the long-term 
complications: limb edema, fibrosis, bone fracture, wound 
complications, and formation of a radiation-associated sar-
coma in the future. Fortunately, randomized controlled trials 

have helped to clarify which patients are most likely to 
benefit from radiation.

Extremity/truncal radiation is delivered by brachytherapy 
catheters (BRT) or external beam radiation therapy (EBRT) as 
a means to improve local control. A prospective randomized 
trial compared the use of brachytherapy (BRT) catheters, 
placed at the time of surgical resection, to surgical resection 
alone. While BRT increased the rate of local control at 5 years 
in the patients with high-grade tumors (89% vs. 66%, respec-
tively, p = 0.0025), it had no effect in patients with low-grade 
tumors [26]. Trials with external beam radiation therapy 
(EBRT), in contrast, demonstrated improved local control in 
high-grade and low-grade lesions [27]. Disease-specific sur-
vival was not altered by radiation with either brachytherapy or 
EBRT [28, 29]. Therefore, adjuvant radiotherapy should be 
considered for patients with large, high-grade sarcomas. 
Patients with low-grade sarcomas, or high-grade tumors 
<5 cm, can be treated with primary surgery alone if wide mar-
gins (1–2 cm) are obtained, as the recurrence rate is low [29].

An additional randomized trial demonstrated that radia-
tion can be delivered preoperatively or postoperatively, with 
equal efficacy in decreasing local recurrence but with differ-
ent complications based on the timing of delivery [27]. 
Preoperative radiation targets primarily the tumor mass, yet 
it can make pathological analysis of the specimen more dif-
ficult and result in a higher rate of wound complications after 
surgery. Postoperative radiation encompasses an area around 
the incision, and therefore it is a larger radiation field. There 
is increased limb edema and fibrosis over the long term. In an 
elderly patient, these risks need to be balanced with the 
comorbidities expected in long-term survival of the patient.

Intensity modulated radiation therapy (IMRT) is a method 
of delivering radiation to the tumor while minimizing damage 
to adjacent vital structures such as nerves, arteries, and bone. 
Therefore, the negative effects of radiation on neighboring 
nerves, arteries, and bone can be decreased. For example, a 
large sarcoma resection with periosteal stripping and requir-
ing circumferential radiation is associated with a high risk of 
bone fractures that reaches 29% at 5 years [30]. This fracture 
rate can be reduced to 6.4% with the use of IMRT [31].

Chemotherapy in Extremity/ 
Truncal Sarcomas

Multiple attempts have been made to define the role of adjuvant 
chemotherapy in sarcoma, and unfortunately no one combina-
tion has substantially improved survival. The enthusiasm for 
chemotherapy, in part, began with the use of the anthracycline 
doxorubicin. In a randomized trial of patients with extremity 
sarcoma, adjuvant doxorubicin improved overall and disease-
specific survival at 3 years [32], but with further follow-up, 
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this survival benefit did not persist [33].. Many additional tri-
als followed attempting to demonstrate a survival advantage 
with chemotherapy. A meta-analysis of the most vigorous tri-
als failed to reveal an improvement in overall survival with 
chemotherapy. (p = 0.12). However, when the analysis was 
limited to the subgroup of patients with extremity sarcoma, a 
7% absolute benefit in overall survival was demonstrated at 10 
years (p = 0.029) [34]. Since 1990, anthracyclines have been 
combined with alkylating agents such as ifosfamide in an 
attempt to improve efficacy. However, anthracyclines are car-
diotoxic, and therefore the geriatric patient must be carefully 
assessed prior to administration of anthracyclines.

Ifosfamide is an alkylating agent that delays time to dis-
ease progression in patients with advanced, unresectable, or 
metastatic sarcoma [35].

A recent study utilized ifosfamide in an adjuvant fashion 
in 104 patients with high-grade extremity sarcoma after sur-
gery. One arm of the study underwent observation, while the 
other arm underwent treatment with adjuvant epidoxorubicin 
and ifosfamide. After 2 years, the trial was stopped because, 
at interim analysis, there was a significant increase in disease-
free survival (48 months with chemotherapy vs. 16 months 
with observation, p = 0.04) and overall survival (75 vs. 46 
months, respectively, p = 0.03) [36]. However, on longer fol-
low-up the difference in survival no longer persisted [37].

While the role of ifosfamide in an adjuvant manner 
remains unclear, there has been data to support its role in a 
neoadjuvant approach. The utilization of neoadjuvant ifosf-
amide in combination with doxorubicin and mesna resulted 
in a 21% improvement in disease-specific survival at 3 years 
in all patients with extremity subtypes of high grade, deep 
tumors >10  cm. In this study, the most commonly repre-
sented subtypes were MFH, liposarcoma, synovial cell, and 
leiomyosarcoma [38].

Further studies have also supported the role of neoadjuvant 
chemotherapy in the treatment of liposarcomas. There are 
three biological groups of liposarcoma, which includes five 
subtypes: (1) well-differentiated/dedifferentiated, (2) myxoid/
round cell, and (3) pleomorphic. The high-grade subtypes with 
a high risk of systemic recurrence are myxoid/round cell (>5% 
round cell component) and pleomorphic [39–43]. A retrospec-
tive analysis of patients with extremity liposarcoma from 
MSKCC and UCLA compared patients who received chemo-
therapy to a similar cohort of patients who did not receive che-
motherapy. There was no improvement in survival demonstrated 
with doxorubicin therapy; however, ifosfamide combined with 
doxorubicin therapy demonstrated an improved DSS at 5 years 
compared with no chemotherapy (92% vs. 65%, respectively, 
p = 0.0003) [44]. This translates into a 31% survival benefit for 
lesions >10 cm. Based on the results of this retrospective study, 
and in the absence of any prospective randomized data, neoad-
juvant doxorubicin and ifosfamide chemotherapy can be 
offered only to elderly patients with large (>10 cm), extremity 

round cell or pleomorphic liposarcoma, with an excellent 
performance status. Dedifferentiated liposarcoma of the 
extremity is not sensitive to chemotherapy and has a lower risk 
of metastatic disease; therefore, chemotherapy is not used in 
this subtype.

Synovial cell sarcoma is very uncommon in the geriatric 
population. This is a disease of young adults that is associ-
ated with a high risk of metastasis and death [45], and there-
fore, larger lesions are treated with systemic chemotherapy 
based on retrospective data [46].

Retroperitoneal Sarcoma

Subtypes and Goals of Surgery

The most common subtypes of retroperitoneal sarcomas, 
regardless of age, are liposarcomas and leiomyosarcomas as 
shown in Fig. 92.5. Retroperitoneal sarcomas can grow large 
without specific symptoms; therefore, they are often detected 
late, at which time they are often large (>10 cm) and encroach 
on major abdominal structures [47].

Upon presentation, a biopsy is performed when there is 
concern for a benign process or other malignancy that would 
not mandate surgical intervention. Additional tumors to con-
sider are lymphomas, angiomyolipomas, pancreatic tail 
tumors, benign shwannomas, adrenal tumors, and metastatic 
germ cell tumors. While primary surgical resection obtaining 
negative margins is associated with improved survival, 
removal of adjacent organs is not always necessary [47]. If 
the mass does not encase the renal vessels or invade the renal 
hilum, a parenchymal-sparing capsular stripping can be per-
formed without compromising disease-specific survival [48].

Surgical management of retroperitoneal liposarcomas 
must take into account the subtypes, which have been shown 
to be one of the most important factors in DSS. In a study of 
177 patients, the well-differentiated subtype had a very good 
survival and much lower recurrence rate than the dedifferen-
tiated liposarcoma. The local recurrence rate for patients 
with well-differentiated liposarcoma was 31% at 3 years 
compared with 83% at 3 years for dedifferentiated liposar-
coma. The dedifferentiated subtype had a 30% risk of distant 
disease at 3 years. In contrast, well-differentiated liposar-
coma rarely developed distant metastasis (1% risk of distant 
disease at 3 years) [48].

Leiomyosarcomas of the abdomen commonly involve ves-
sels and can involve major structures such as the inferior vena 
cava. Surgical resection can safely be performed with IVC 
ligation as long as drainage of the kidneys is preserved [49]. 
Many abdominal leiomyosarcomas have now been classified 
as gastrointestinal stromal tumors (GIST) as discussed below.
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Radiation in Retroperitoneal Sarcomas

Retroperitoneal sarcomas have a high local recurrence 
rate, with prevalence of 20–50% depending on the length of 
follow-up [47, 50, 51]. Median survival after local recur-
rence is only 28 months [47]; therefore, consideration has 
been given to both chemotherapy and radiation in retroperi-
toneal sarcomas. While there is little data to support the use 
of chemotherapy, radiation, which addresses the local treat-
ment failure, has been considered.

Radiation of the retroperitoneum is a difficult task as radi-
ation cannot be delivered without risk to the surrounding 
vessels and intestine. However, small studies suggested that 
high-dose radiation improves local control [52, 53]. A pro-
spective trial of preoperative radiation in patients undergoing 
a R0 or R1 resection demonstrated an improvement to 60% 
local recurrence-free survival in intermediate- or high-grade 
lesions, at a median follow-up of 40 months, with an associ-
ated increased morbidity [54]. Further multi-institutional 
randomized trials are needed to define the role of preopera-
tive radiation therapy for the treatment of retroperitoneal sar-
coma; however, these trials have closed secondary to poor 
accrual. Newer techniques of external beam radiotherapy 
such as IMRT may enable administration of radiotherapy 
with less toxicity to surrounding organs and vital structures.

Locally Recurrent Retroperitoneal Sarcoma

Recurrence in retroperitoneal sarcomas is more difficult to 
treat, in part secondary to prior contamination and scarring 
of tissue planes, as well as the aggressive nature of the tumor. 
Surgical removal must not only remove the mass, but also 
any tissue plane violated in a previous resection such as drain 

tracks or skin flaps. In difficult cases, the surgeon may have 
to remove the recurrent tumor with an adjacent neurovascu-
lar structure, and this should be carefully planned ahead of 
the operation. An alternative is to give a trial of neoadjuvant 
radiotherapy or chemotherapy before the tumor is excised to 
spare a major resection.

Abdominal Desmoid

Abdominal desmoids can arise spontaneously or in associa-
tion with familial adenomatous polyposis (FAP). Desmoid 
tumors arising in patients with FAP, commonly present in 
patients at a younger age, and they are related to the muta-
tion in the adenomatosis polyposis (APC) gene, effecting 
b-catenin levels [55–58]. Sporadic desmoids have been 
linked to mutations in the b-catenin gene itself [59–63]. 
Regardless of the mutation, desmoids do not metastasize 
and have an unclear natural history. There have been multi-
ple case reports of spontaneous regression of even multifo-
cal tumors [64–67]. Patients on medical therapy fail to have 
progression of the tumor at least 50% of the time. Whether 
this is due to the inherent nature of the tumor itself or as a 
result of the medical therapy has not been clarified by a ran-
domized trial. Most recently, a small clinical trial of abdom-
inal desmoids with the anti-inflammatory suldinac and 
tamoxifen resulted in a 77% PR/CR [68]. At St. Mark’s hos-
pital, all patients with intra-abdominal desmoids first receive 
medical therapy with suldinac. If there is tumor progression, 
tamoxifen or other chemotherapies are added. Only patients 
who fail these conservative measures are then considered 
for surgical intervention [69]. In the geriatric population, a 
trial of this more conservative treatment algorithm is 
warranted.

Figure 92.5  Subtypes of 
sarcoma in the retroperitoneum 
seen over a 25-year period at 
Memorial Sloan-Kettering 
Cancer Center (MSKCC). The 
majority of retroperitoneal 
tumors are either liposarcoma or 
leiomyosarcoma, which do not 
differ by age.
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GIST

Treatment of Primary Disease

Gastrointestinal stromal tumors (GIST) commonly present 
as asymptomatic pedunculated or submucosal masses aris-
ing in the gastrointestinal tract. On imaging, GIST tumors 
are well-circumscribed, low-density lesions, with possible 
areas of enhancement or necrosis. A suspected GIST should 
be removed for diagnosis and treatment if localized and the 
patient can tolerate the operation. Biopsy risks rupturing 
the mass and only complete resection offers the best chance 
of cure.

The important factors of the primary tumor that predict 
risk of recurrence are the anatomic location of the GIST, 
size, and mitotic index. For example, a distal small bowel 
GIST greater than 5 cm with a mitotic index >5 per 50 high-
power field (HPF) has an 85% chance of recurrence, while a 
tumor <2  cm with £5 mitoses per HPF has a negligible 
chance of recurrence regardless of site [70, 71].

A majority (80%) of GIST tumors have an activating 
mutation of the KIT receptor tyrosine kinase and have there-
fore been successfully treated with the kinase inhibitor ima-
tinib [72]. Expression of cKit is not enough to predict a 
response to imatinib, however, and mutation analysis should 
be performed before considering therapy. For example, exon 
11 mutations respond well to imatinib, while exon 9 muta-
tions do not [73, 74]. A small percent (5–10%) of GISTs 
harbor a mutation in platelet-derived growth factor alpha 
(PDGFRA) [75], some of which may be resistant to imatinib, 
but the new multikinase inhibitors such as sunitinib may 
have efficacy.

The role of imatinib as an adjuvant to surgical resection 
was evaluated by the ACOSOG intergroup trial. Patients 
were randomized after complete resection of a tumor >3 cm 
to 1 year of imatinib at 400 mg daily or placebo. There was a 
significant improvement in recurrence-free survival with 
imatinib treatment, although no difference was seen in dis-
ease-specific survival [76]. Longer follow-up will help clar-
ify if imatinib prevents, or merely delays, the onset of disease 
recurrence. It may be that therapy initiated at the time of dis-
ease recurrence will be equally effective.

Metastatic GIST

Prior to imatinib, patients with metastatic GIST had a poor 
survival measured in months. However, recent trials have 
demonstrated that high-dose imatinib in metastatic disease 
can result in actual 2-year survival, with 50% of patients 
alive without disease progression [77]. This raises the ques-
tion whether surgery should be utilized in conjunction with 
imatinib therapy to reduce tumor burden, or whether these 
patients should just be maintained on imatinib therapy. The 
major downside to imatinib is the development of resistant 
disease. Studies have demonstrated that resistance develops 
as soon as 6 months, with a median time to drug resistance of 
20 months [77]. A recent study of 40 patients with metastatic 
GIST supports surgical intervention for those patients with 
disease that responded to imatinib. Patients with multifocal 
resistance, however, have a poor 1-year survival (36% alive 
at 1 year) and should not proceed to surgical debulking but 
should be considered for a clinical trial with a second line 
tyrosine kinase inhibitor [78].

Case Study 1

A 73-year-old male with a history of retinoblastoma at 
age three for which he had eye enucleation and radia-
tion. Past medical history also significant for coronary 
artery disease, resection of multiple lipomas, a partial 
nephrectomy for renal cell cancer, as well as an appen-
dectomy. The patient’s mother and daughter also had 
retinoblastoma. The patient presented with a small 
mass on his face in the field of radiation. Biopsy was 
consistent with a high grade, <5 cm leiomyosarcoma, 
and he underwent a wide local excision with negative 
margins.

Discussion

This patient had childhood retinoblastoma, which is 
related to a mutation in the retinoblastoma (RB1) gene. In 
hereditary forms of retinoblastoma, the cumulative risk of 
developing a secondary malignancy such as sarcoma is 
36% [1]. Long-term follow-up of patients such as this 
with hereditary retinoblastomas has demonstrated that the 
most common subtype observed is leiomyosarcomas, 
almost all of which have been observed in patients with 
prior radiation [2]. Surgical resection is the treatment of 
this high-grade tumor. There is no role for further radia-
tion. The patient needs continued follow-up for develop-
ment of recurrence or another sarcoma. This emphasizes 
the importance of life-long surveillance for such patients 
with the loss of the Rb tumor suppressor gene.
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Case Study 2

A 38-year-old male with an extremity mass. Imaging 
revealed the mass to extend from the pelvic sidewall to 
the lower extremity. Biopsy was consistent with a 
desmoid tumor. The patient had no other comorbidities. 
He was started on tamoxifen and has had stable disease, 
with a partial response for 13 years as shown in 
Fig. 92.6.

Discussion

This case, although not in an elderly patient, demonstrates 
the importance of cautious observation in patients with 
desmoid tumors. A surgical option for this patient would 
be a hemipelvectomy, which would have decreased the 
quality of life. Stable disease such as this, for more than a 
decade, is further evidence that many desmoids can be 
treated without surgery in the geriatric population.

Figure 92.6  Thirteen-year follow-up of large extremity desmoids managed with nonoperative therapy.

Case Study 3

85-year-old male with a history of coronary artery dis-
ease who underwent a coronary angioplasty and had 
moderate dementia requiring assistance in a nursing 
home. The patient presented with a large fungating mass 
of the thigh that was interfering with ambulation. Biopsy 
was consistent with a high-grade MFH. After a careful 
consult with the family and the medical team, a surgical 
excision was performed. At operation, the mass involved 
the entire anterior compartment of the thigh down to, but 
not including, the femoral vessels. Pathology confirmed 
the high-grade MFH, but margins were microscopically 

positive. The patient’s wound was slow to heal and he 
underwent careful observation and continued with his 
functional life. Three years later he had a local recur-
rence, which was excised without incident. One year 
later, the patient died of other causes at his nursing 
home.

Discussion

This case highlights the need to balance the use of 
medical therapies to maintain the quality of life. The 
large MFH tumor in this patient could be treated with 

(continued)
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Summary

Soft tissue sarcomas represent a heterogeneous group of 
tumors with varying malignant potential. The decision to 
operate on a geriatric patient with a sarcoma must be under-
taken carefully, with the underlying knowledge that older 
patients tend to have a decreased disease-specific survival 
from sarcoma. Surgery remains the mainstay of treatment in 
patients who can tolerate it. Radiation is generally well toler-
ated and can be used as an adjuvant to surgery in patients 
with high-grade tumors. Chemotherapy has yet to show a 
dramatic improvement in survival and should be used 
judiciously.

The ability to obtain a complete surgical resection is the 
primary governor of outcome in patients with retroperitoneal 
and visceral sarcomas. Many patients will recur locally and 
this can lead to death from progressive loco-regional disease. 
The majority of retroperitoneal and visceral sarcomas are 
poorly responsive to conventional chemotherapy, so chemo-
therapy is generally only used for palliation of disease in a 
patient who can tolerate it.

The management of GIST tumors hopefully represents 
the future of treatment in sarcoma. As characteristic muta-
tions are identified in subtypes, new targeted therapies can be 
developed. As the population ages, treatment of sarcomas in 
the geriatric population will continue to involve a multidisci-
plinary approach to maximize treatment and maintain qual-
ity of life.
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Case Study 3  (continued)

neoadjuvant chemotherapy, but clearly the morbidity of 
this treatment with only a marginal potential benefit 
would not be warranted in this patient. A more aggres-
sive surgical procedure could have been performed, but 
this would have risked leaving the patient with a func-
tionally compromised or absent limb, and removing all 

measurable tumor provided good functional relief for the 
patient. Postoperative radiation therapy is generally well 
tolerated, and it could have been utilized in the patient. 
The decision not to was based on his poor ability to heal 
his primary wound, and the concern of the patient and 
family regarding the ability to tolerate weeks of radiation 
therapy. The expected local recurrence was easily man-
aged with a minor surgical intervention.
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Introduction

Capillary perfusion pressure is the source of life for all the cells 
in our body, and yet, it averages a modest 22 mmHg through-
out most systems in the body. Venous capillary closing pres-
sure is about 12 mmHg, and arterial capillary pressure about 
32 mmHg [1]. This delicate homeostasis can be upset by some-
thing as simple as excessive external pressure on tissue. This 
situation requires two unyielding surfaces: one an underlying 
bony prominence and the other an external plane such as a bed, 
chair, or even a transport gurney. The most common bony sur-
faces involved, in order of occurrence, are the sacrum, calca-
neus, ischium, and greater trochanter [2]. In fact, these areas 
are subject to pressure exceeding 30 mmHg when lying supine, 
sitting, or lying on the side, respectively [3]. This situation is 
usually benign as our autonomic nervous system prompts us to 
shift our weight frequently to avoid chronic pressure.

Prolonged pressure, as in an elderly patient who is 
obtunded or with limited mobility, leads to chronic pressures 
exceeding the capillary perfusion pressure, resulting in com-
promised oxygenation, ischemia, and eventually tissue 
necrosis. Studies in models of ischemia have demonstrated 
that external pressure greater than 60 mmHg for 2 h leads to 
irreversible tissue damage [4]; clinical studies confirm this 
range [5, 6]. The sequelae of this damage are pressure sores 
with ulceration, infection, and exposure of bone. The esti-
mated annual cost of hospital-acquired pressure sores alone 
is in the $3 billion range [7].

Pressure ulcers are a disease of the elderly: about two-thirds 
of pressure sores occur in patients over 70 years of age [8]. 
Most of the remaining are in spinal-cord injury patients. 
Fourteen percent to 17% of patients in a U.S. acute-care 

hospital have pressure sores, and the incidence of new hospital-
acquired pressure sores is 7–9% [2]. The majority of pressure 
ulcers occurring in the acute-care hospital setting develop 
within the first 2 weeks of admission [9], probably because 
patients are more bed-bound until their acute issues are diag-
nosed and stabilized. In this elderly population, the presence 
of multiple comorbidities contributes to the etiopathogenesis 
of pressure ulcers. Although pressure sores are associated with 
a twofold increase in mortality [10], they are not usually the 
immediate cause of death. More commonly, comorbidities that 
lead to pressure sores such as cardiovascular, neurological, or 
orthopedic diseases have their own high mortality rates.

The goals in the management of pressure sores are: iden-
tification of the etiological factors, elimination of these 
factors, wound care and debridement to prevent chronic 
infection from progressing to an acute infection, and consid-
eration for surgical coverage if benefits of repair outweigh 
risks of anesthesia and recurrence.

Pathophysiology

Both extrinsic and intrinsic factors contribute to the pathogen-
esis of pressure ulcers. Extrinsic factors include unrelieved 
pressure as seen in debilitated or spinal-cord injury patients, 
and also factors that worsen the local wound environment, 
such as moisture in the perineal area [11], incontinence [12], 
and shearing forces from patient repositioning. Intrinsic fac-
tors include underlying conditions that lead to poor wound 
healing, such as advanced age [13, 14], diabetes, malnutrition, 
and edema. Edema may occur in the elderly due to other sys-
temic illnesses and sets up a downward spiral where depen-
dent edema is worsened by pressure exceeding the capillary 
venous outflow pressure, leading to even worse edema in the 
dependent regions, compensatory increased arterial pressure, 
extravasation and worsening edema (Table 93.1).

Extrinsic pressures can also be augmented by positioning, 
and clinical studies show that some commonplace positions 
are particularly problematic. In a semirecumbent position 
with the head of the bed elevated, only friction keeps the 
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patient from sliding down. This situation leads to shearing 
forces on the skin and soft tissue overlying the sacrum which 
mechanically creates ischemia that predisposes to ulceration 
[15]. Topographic pressure maps show why certain areas, 
such as the sacrum, heels, and ischii are prone to ischemic 
damage (Fig. 93.1) [3].

Malnutrition is prevalent among older patients, with the 
2002 Nutritional Screening Initiative estimating the rate of 
malnutrition among hospitalized elderly as 40–60%, nursing 
home residents as 40–85%, and home-care elderly patients 
as 20–60% [16]. Malnutrition increases the likelihood of 
developing pressure ulcers at least twofold [17].

The Braden Scale for Predicting Pressure Sore Risk is a 
widely used nursing assessment tool to help predict patients’ 
risk of developing pressure sores. Although there is no clear 
evidence that risk-assessment scales decrease incidence of 
pressure ulcers, the Braden scale has reasonable predictive 
capacity with high interrater reliability [18]. This scale 
accounts for several extrinsic and intrinsic etiologic factors 
by scoring six subscales: sensory perception, moisture, 
activity, mobility, nutrition, and friction/shear. The lower the 
subscale score, the worse the risk, so the lower the combined 
Braden score (ranges from 6 to 23), the higher the risk of 
pressure sore development.

Intrinsically, different tissues can tolerate ischemia at 
varying levels. Muscle, with its high metabolic require-
ments, is more sensitive to hypoxia than is skin or subcuta-
neous fat. Although most pressure sore severity indexes 
recognize early skin changes as “low-grade,” some degree 
of muscle damage is inevitable by the time the skin shows 
changes.

Pressure ulcers are some of the most difficult wounds to 
heal given their dependent positions, relative lack of blood 
supply, and patient comorbidities that may compromise 
wound healing in the elderly population. Identifying these 
causative factors is the first step in the evaluation and man-
agement of these wounds.

Evaluation

The evaluation of a pressure sore begins with a careful his-
tory and physical exam. The history is essential to establish 
which of the extrinsic and intrinsic factors contribute to the 
etiology and chronicity of the wound. Without addressing 
these factors, therapeutic efforts will fail, whether surgical or 
nonsurgical. For instance, a sacral pressure sore is bound to 
recur after surgical coverage if an air mattress and turning 
schedule are not implemented for an elderly stroke patient 
with limited mobility.

The most common classification system is the National 
Pressure Sore Advisory Panel Consensus Development 

Table 93.1  Extrinsic and intrinsic factors contributing to pressure sore 
formation

Extrinsic Intrinsic

Limited mobility Advanced age
Loss of protective sensation Skin fragility
Abnormal positioning due to 

spasticity or contracture
Poor nutritional status

Friction and shearing forces Dependent edema
Chronic moisture Immunoincompetence
Other mechanical factors that 

increase pressure
Infection
Medical conditions
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Figure 93.1  Topographic pressure maps of the human body in millime-
ters of mercury. (a) Supine (left) and prone (right) positions. Note that 
in the prone position, the highest pressures are centered on the sacrum 
and heels, exceeding 30 mmHg. (b) Seated position reveals pressures 
much greater than 30 mmHg for the ischii (reprinted from Lindan O 
(1961) Etiology of decubitus ulcers: An experimental study. Arch Phys 
Med Rehabil 42:774, with permission from Elsevier).
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Conference scale developed in 1989. It is based on which 
tissue level is exposed in the wound. It is a purely visual 
scale that does not account for deeper destruction and simply 
stages according to the four main layers of tissue:

Does not pass skin•	
Does not pass subcutaneous fat•	
Does not pass muscle•	
Involves bone•	

Stage I: Skin intact but reddened for more than 1 h after relief 
of pressure.  This stage represents intact skin with various 
degrees of erythema that does not blanch when compressed. 
This wound is potentially reversible if extrinsic forces and 
intrinsic wound healing factors are optimized.

Stage II: Blister or other break in the dermis with or without 
infection.  Here, the skin breaks down which can expose sub-
cutaneous fat. By maintaining coverage over the wound, 
these wounds often can generate granulation tissue and 
undergo wound contraction to heal by secondary intention. 
Because there is violation of skin, the local environment 
must be monitored even more carefully for moisture and 
soiling to allow this stage to heal. Stage I and II pressure 
ulcers are the most prevalent [2].

Stage III: Subcutaneous destruction into muscle with or with-
out infection.  Here, bone is not exposed, so theoretically, this 
can heal and contract over the bony prominence. However, 
this is usually a short-lived stage as muscle is the most 
oxygen-sensitive tissue and thus most sensitive to ischemic 
necrosis, quickly reaching the final stage of exposed bone.

Stage IV: Involvement of bone or joint with or without 
infection.  This is the most common stage that prompts a sur-
gical consultation, as the ulcer is down to the etiologic bony 

prominence. With bone exposure, there is desiccation and 
contamination of the surface of the bone, and by definition, 
there is at least superficial osteitis.

In 2007, the staging system was updated with two new 
stages [19].

Suspected deep tissue injury.  Purple or maroon localized 
area of discolored intact skin or blood-filled blister due to 
damage of underlying soft tissue from pressure and/or shear. 
This new stage allows clinically suspicious deep tissue injury 
to be identified.

Unstageable.  Full-thickness tissue loss in which the base of 
the ulcer is covered by slough (yellow, tan, gray, green, or 
brown) and/or eschar (tan, brown, or black) in the wound 
bed. This new stage points out that eschar or necrosis makes 
it difficult to determine depth of destruction. These eschars 
are frequently the superficial aspect of a deep wound, as seen 
in the example in Fig. 93.2.

In Stage IV pressure ulcers, the most superficial aspect of 
the exposed bone is desiccated and is therefore necrotic and 
colonized with the flora of the skin and surrounding areas.  
This is an osteitis, or inflammation of bone, rather than a 
hematogenous osteomyelitis that requires long-term sys-
temic antibiotics. If the deep bone has good blood supply, 
and the patient is not immunocompromised, a patient can 
tolerate this osteitis for protracted periods as long as good 
wound care prevents extension of the zone of injury.

Osteomyelitis is infection of the bone. Definitive diagno-
sis of the extent of osteomyelitis is made during surgical deb-
ridement when bone is excised for biopsy and bacterial 
culture. Imaging modalities to diagnose osteomyelitis have 
been used, including radiography, tagged white blood cell 
scans, and magnetic resonance imaging (MRI) [20]. However, 

Figure 93.2  Elderly homeless man found sitting on the corner of a street, confused. (a) Right ischial pressure sore completely covered with eschar, 
making it unstageable. (b) After bedside debridement of necrotic tissue, the wound extends to the ischial tuberosity.
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by the time clinical suspicion, raised by findings such as 
deep pus not accessible with bedside debridement or sys-
temic infectious symptoms, is high enough to consider 
imaging, surgical exploration is more appropriate than imag-
ing. Thus, imaging to diagnose osteomyelitis often is not 
needed. However, appropriate imaging may be useful to 
evaluate the extent of necrosis in high-risk surgical patients 
or to help determine the source of infection in atypical pres-
sure sores, such as perianal fistula, or spinal hardware 
abscesses (Fig. 93.3).

Infections of soft tissue can be polymicrobial due to urine 
or stool in the area. Thus, Proteus, Bacteroides, Pseudomonas, 
and Escherichia coli can accompany the more common 
staphylococcal and streptococcal species. More than half of 
long-term care patients harbor methicillin-resistant 
Staphylococcus aureus (MRSA) organisms [21]. Cultures 
can be sent to determine sensitivities, but swab cultures are 
invariably positive due to local contamination. Intraoperative 
cultures are taken from bone deep to the surface of the 
wound, and deep soft tissue biopsies sometimes provide sen-
sitivity information. In the presence of active infection, the 
mainstay of initial management is aggressive local and sys-
temic treatment to restore equilibrium between the open 
wound and the local flora, and then the correction of etio-
logic factors so that the wound can heal.

Pressure sores always have localized inflammation or 
infection but uncommonly cause systemic symptoms unless 
high-stage or neglected. Patients with pressure sores who 
present for a fever or infection workup almost certainly have 
comorbidities, such as a urinary tract infection or pneumonia, 
that must be ruled out as a source of the systemic infection.

Management

The key to management of pressure sores comes down to 
three principles:

	1.	 Reduction of pressure (and other deleterious extrinsic 
factors)

	2.	 Restoration of nutrition (and other intrinsic factors pro-
moting wound healing)

	3.	 Wound care (to assess the current wound for active and 
chronic infection and debride as necessary, and to main-
tain a clean wound with frequent monitoring for new 
active infections)

This tripod addresses all of the factors in the etiopathogene-
sis of pressure sores. Only when these issues are addressed 
can the benefits of surgical flap coverage be weighed against 
the probability of either failure to heal or recurrence. High 
surgical risk or high recurrence risk patients should be offered 
nonsurgical treatment and maintenance. Notably, this main-
tenance can have a high nursing care cost with multiple social 
issues.

Reduction of Pressure and Deleterious 
Extrinsic Factors

Increased tissue pressure is expected over bony prominences, 
but prolonged pressure leading to irreversible ischemia is 
not. In bed-bound patients, as little as 2  h of pressure is 

Figure 93.3  The patient presented with a chronic left ischial pressure 
sore with drainage. (a) Patient in prone position with open wound on his 
left ischium. (b) Computed tomography scan of patient (the left ischium 

is on the right side of the scan) revealing a perianal fistula tracking to an 
ischial abscess. This underlying etiologic factor needs to be addressed 
before treating the ischial sore.
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sufficient to develop a pressure sore [6]. Elderly patients may 
be chronically debilitated or acutely obtunded as outpatients 
or inpatients, and these conditions must be evaluated and 
optimized to the extent possible. However, even the spinal-
cord injury patient, with lack of movement compounded by 
spasticity and contractures, can have pressure reduced. This 
requires turning the patient faithfully every 1–2 h to break 
the cycle of constant pressure and use of a lower pressure air 
mattress or an air-fluidized chronic pressure-shifting bed. 
Meta-analysis suggests that higher-specification foam mat-
tresses and other technologic mattresses are better at reduc-
ing pressure ulcers than standard hospital foam mattresses 
[22]. Patients who use wheelchairs must learn to shift their 
weight constantly and to utilize a lower-pressure seat cush-
ion. Many elderly patients sit in regular household chairs all 
day long, and even with intact skin sensation, are at risk of 
pressure ulcer development. In bedridden patients or those 
who keep their legs elevated on a footstool, heels must be 
unweighted or padded to reduce pressure. There are com-
mercial products marketed to prevent heel ulcers, but there is 
insufficient data to determine whether these are better than 
simple elevation with pillows under the lower legs. Some 
device-specific clinical trials have suggested that these prod-
ucts, such as waffled foam [23] or cushioned doughnuts [24], 
can even increase the incidence of heel ulcers. Another way 
to redistribute pressure on abraded skin or early pressure 
sores is with thick adhesive dressings and foams marketed 
for this purpose. Consultation with a physiatrist can be help-
ful for finding adaptive devices for a patient’s individual 
situation.

Muscle spasms and contractures are more common in 
patients with spinal cord injury and upper motor neuron 
defects. Contractures can both contribute to the etiology of 
the pressure sore by making bony areas more prominent, and 
they can make positioning and therapeutic efforts to relieve 
pressure more difficult. Physical therapy and splinting can 
alleviate the contracture, but sometimes, surgical release by 
orthopedic and plastic surgeons may be necessary.

Spasticity of large muscles, such as the hip flexors, can 
impede wound healing and compromise surgical treatment 
with a flap by placing repeated tension on the incisions and 
accentuating bony prominences. Spasticity can be addressed 
pharmacologically with muscle relaxants and antispasmod-
ics, such as benzodiazepenes, baclofen, and cyclobenzaprine. 
Refractory spasticity may respond to infusion pumps, nerve 
blocks, rhizotomies, or epidurals [25]. Again, consultation 
with physiatry for medication, splinting, and physical ther-
apy is useful.

Nursing care plays a major role in achieving reduction of 
extrinsic factors by regulating the air mattress, frequent turn-
ing, physical therapy assistance, reduction of shearing forces 
during patient transport, and keeping the area clean and dry. 
The most common pressure sores are in a dependent position 

where moisture and debris accumulate. Both the elderly 
population and spinal-cord injury patients can have varying 
degrees of incontinence of urine and stool, which contribute 
to the contaminated environment surrounding these wounds. 
Urinary incontinence may need to be managed with a sheath 
or indwelling catheter until the pressure sore or surgical flap 
has healed. For fecal incontinence, a temporary or permanent 
colostomy may be indicated to increase the likelihood of 
healing or successful surgical repair.

Restoration of Nutrition and Other Wound-
Promoting Intrinsic Factors

The population of patients with pressure sores generally has 
inadequate nutritional intake. Dietary intake of nutrients and 
protein is predictive of pressure ulcer development in elderly 
patients [14, 26]. Serum metabolic panels can help with 
diagnosis and treatment of malnutrition by monitoring mark-
ers such as albumin, prealbumin, C-reactive protein, retinol 
binding protein, and transferrin. Analysis of nitrogen 
exchange and food choices helps determine caloric and pro-
tein intake, as well as estimate requirements. Other supple-
ments to consider include the vitamins A and C which are 
implicated in wound healing, zinc, protein shakes, pharma-
cologic enhancement of appetite (megestrol), tube feeding, 
and parenteral nutrition [16, 27]. Consultation with a nutri-
tionist can help with the assessment of the above.

Other medical conditions need to be addressed, including 
anemia and diabetes, HIV, and conditions that lead to edema 
such as congestive heart failure, kidney disease, liver disease, 
and other causes of hypoalbuminemia. Patients may require 
antibiotic treatment as an adjunct to wound care. The duration 
of antibiotics may be up to 2 weeks for complex soft-tissue 
infection or 6 weeks for biopsy-proven osteomyelitis, and 
consultation with an infectious disease specialist is useful.

Wound Care (Active Debridement  
and Regular Maintenance)

The initial approach to wound care is similar to that for all 
open wounds: recognizing nonviable tissue and debriding all 
devascularized tissue. Nonviable tissue can appear as dry 
gangrene or eschar that is not actively infected and may be 
amenable to mechanical or chemical debridement. 
Mechanical debridement relies on irrigation, lavage, whirl-
pool, and sharp excision. Sharp debridement can be done at 
the bedside or in the operating room, and often the extent of 
necrosis is surprisingly extensive due to the greater sensitivity 
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of muscle to ischemia. For this reason, undermining of the 
wound beyond the skin edges characterizes pressure sores, 
and the wound may be substantially larger than the opening 
in the skin. Debriding agents such as proteolytics, fibrinolyt-
ics, collagenases, and sterile maggots have been described. 
Wet gangrene is necrotic tissue that is already superinfected 
and requires prompt sharp debridement.

In certain areas, such as the heel, pressure sores often are 
stable and dry. In these wounds, like frostbite injury, local 
wound care permitting gradual separation of the eschar may 
be preferable to sharp debridement to maintain as much via-
ble tissue as possible. For these heel sores, dry dressings or 
topical antibacterials such as silver sulfadiazine are useful.

After debridement, several options are available. The 
wound can be allowed to heal by secondary intention using a 
variety of packing materials on a regular basis to allow the 
wound to heal from the base and prevent premature skin clo-
sure and abscess formation. Negative pressure therapy with a 
vacuum-assisted device can be used to facilitate the second-
ary wound healing process. These devices stimulate the for-
mation of granulation tissue and encourage wound 
contraction, but the wound should be free of infection before 
sealing it under the occlusive vacuum dressing. As with other 
selected wounds, negative pressure therapy may help to 
downsize the surface area of a wound so that more complex 
reconstruction options of local or free flap can be replaced 
with simpler ones such as skin graft or primary closure.

In a patient with a spinal-cord injury, pressure ulcers in 
the denervated areas generally are not painful. In nonpara-
plegic elderly patients, the majority of patients experience 
pain with pressure ulcers and are particularly uncomfortable 
during wound care and dressing changes [28, 29]. Pain can 
be reduced with agents such as topical lidocaine or morphine, 
or systemic analgesics prior to dressing changes or continu-
ously if necessary.

Surgical Treatment

Once nonsurgical management of a pressure sore addresses 
the etiology, and the factors that predispose to recurrence are 
corrected, the risk–benefit ratio of surgery versus the periop-
erative risks for an individual patient can be weighed. Well-
recognized flaps have been developed for the most common 
pressure sores of the sacrum, ischium, and greater trochanter, 
but management must begin with adequate debridement of 
nonviable tissue, sinus tracts, and the bursa-like capsule that 
lines a chronic wound. Pressure sores that come to surgery 
almost always track to bone, and ostectomy is done to deb-
ride the exposed bone and obtain biopsies for bacterial cul-
ture. Ostectomy also serves to reduce the prominence of 
bone responsible for the sore so that the likelihood of recur-

rence is reduced. It may be helpful to enlist the participation 
of the primary medical team or infectious disease specialists 
to obtain special cultures in the setting of immunosuppres-
sion or other chronic illnesses. Finally, the cavity is filled 
with vascularized tissue with enough bulk to cover the bone 
and close the open wound.

Intraoperative Resection of Soft Tissue

The soft tissue lining a pressure sore cavity is contaminated 
and generally is poorly vascularized or fibrotic, depending 
on the duration of the ulcer. At surgery, this tissue is debrided 
back to normal-appearing, well-vascularized, pliant soft tis-
sue. To accomplish this, a dye such as methylene blue can be 
used to coat the lining of the wound to identify any pockets 
or tracts; resection is complete when all the colored surfaces 
have been removed. It may take more than one operation to 
complete debridement before definitive flap coverage.

Intraoperative Resection of Bone

If the bone at the base of the wound is exposed, it is colo-
nized with local flora and at least superficially desiccated 
with a nonviable surface layer. This is superficial osteitis 
with healthy bone with good blood supply just deep to the 
desiccated layer. Deeper infection with frank osteomyelitis 
would have been diagnosed preoperatively, and intraopera-
tive planning for extensive bone resection, sometimes includ-
ing the participation of an orthopedic surgeon, would have 
been scheduled.

Intraoperative debridement of the superficial bone is done 
using visual assessment of avascular bone versus bleeding 
bone. Using rongeurs and rasps to smooth jutting promi-
nences or to excise heterotopic bone accomplishes the sec-
ond purpose of bone resection: reducing the physical 
prominence of bone that causes pressure and predisposes to 
recurrence of the sore. After adequate bone debridement has 
been done, a biopsy of the deeper healthy-appearing bone is 
sent for bone culture. If this were positive, the remaining 
bone still is infected and the patient will need a long-term 
course of intravenous antibiotics to treat the osteomyelitis.

Bone resection needs to be approached with the aware-
ness that it is not a benign process. When one of a paired set 
of pressure points, such as the ischii, is resected, the 
patient’s weight is shifted to the contralateral side, increas-
ing risk of a new pressure sore on the second side. Similarly, 
resection of both ischii can shift the weight-bearing surface 
to the perineum, resulting in later perineal or scrotal pres-
sure sores.



126393  Pressure Sores in the Elderly

Wound Coverage and Closure

For full-thickness ulcers, the basic principle is provision of 
vascularized tissue to cover bony prominences, lend adequate 
padding, fill the wound completely, and close the surface 
with durable soft tissue and skin that is under no tension. The 
“reconstructive ladder” principle in plastic surgery proposes 
that the basic, or “lowest rung,” options should be considered 
first, with complex reconstructive options held in reserve in 
case the wound recurs. However, it is important to recognize 
when simpler options will be insufficient, and one should 
choose a more complex option from the outset. In this popu-
lation of patients, it is also important to consider that using 
complex muscle flaps at the outset means that they will not 
be available in the future.

Given the above criteria, where there is a robust vascular-
ized bed over the bone, a select group of ulcers can be 
repaired by operations on the basic rungs of the reconstruc-
tive ladder: delayed primary closure or a skin graft. In gen-
eral, these options have limited application. Primary closure 
places the surgical suture line directly over the area of pres-
sure, whereas a flap moves the closure and scar away from 
the pressure point. A skin graft is a thin and fragile coverage 
option subject to the shearing forces that created the ulcer in 
the first place. In addition, a skin graft requires a clean, 
healthy recipient site with good blood supply and no exposed 
bone. Only the most superficial of pressure sores meets these 
requirements for a healthy, well-vascularized base and can 
be covered successfully with a skin graft.

More often, flap coverage is the surgical choice for pres-
sure sore repair. A flap is different from a graft in that a skin 
graft has no blood supply and survives by acquiring it from 
the tissue onto which it is grafted. A flap carries its own 
blood supply that is preserved while the flap is transferred to 
a new area. Flaps are often described by their anatomic 
makeup. Cutaneous flaps are supplied by direct cutaneous 
vessels and axially oriented perforating vessels ending in a 
subdermal plexus. Fasciocutaneous flaps include skin, sub-
cutaneous fat, and deep fascia. The blood supply originates 
from septocutaneous vessels that pass up along fascial septae 
and fan out at the level of the deep fascia to form a plexus 
from which smaller perforator vessels supply the subcutane-
ous fat and skin. Musculocutaneous flaps include muscle, 
fascia, subcutaneous fat, and skin combined as one unit, 
based on one or more vascular pedicles, which are musculo-
cutaneous vessels that travel perpendicularly through the 
muscle into the overlying tissue. Muscle-only flaps have the 
same blood supply but will require a concurrent skin graft to 
cover the surface of the muscle.

Previous incisions, whether from trauma or prior surgery, 
can preclude certain flaps since these incisions and scars are 
areas where previous blood supply was likely transected. 
A complete surgical history is mandatory to understand the 

surgical anatomy when previous flaps were used. Flaps can 
be designed so that they can be reelevated and readvanced in 
the future. Since pressure ulcers have a high rate of recur-
rence [30], another factor in flap selection is choosing one 
that preserves blood supply for potential future flaps. Finally, 
the size of the flap usually needs to be much larger than the 
ulcer, as the wound area enlarges after debridement. A gen-
erous flap provides bulk, minimizes tension on the closure, 
and moves the suture lines to the periphery away from the 
original ulcer’s central pressure point.

Free microvascular flaps are the most complex recon-
structive options. They require harvesting a distant flap with 
its accompanying arteries and veins and transferring it to the 
recipient bed with microvascular anastomoses to recipient 
vessels. Elderly patients have comorbidities such as cardio-
vascular disease and poor general health that can make these 
lengthy microsurgical tissue transfers problematic.

The elimination of “dead space” is necessary to heal pres-
sure ulcers where there is a soft tissue cavity. After introduc-
ing the vascularized flap, this is furthered with surgical drains 
exerting negative pressure and layered wound closure. Closed 
surgical drainage systems are used in the recipient bed dur-
ing the initial phase of healing, and the donor site of a flap 
with significant dissection also needs a surgical drain to 
reduce the incidence of postoperative seroma and infection. 
Drainage should be maintained until the patient is achieving 
some degree of mobility and the output has tapered to a small 
volume per day for several days. Layered wound closure is a 
technique for further elimination of dead space by closing 
each level of tissue separately, using absorbable sutures to 
approximate the deep layers and evert the more superficial 
layers. The surgical wound is dressed carefully with multiple 
layers of antibiotic ointment and semipermeable dressings to 
create a barrier against soilage.

Sacral Pressure Sores

Sacral pressure sores develop in supine or semireclining 
patients with sufficient pressure and shearing over the 
sacral prominence. This is the most common pressure sore 
since debilitated, obtunded, or severely ill patients are bed-
ridden and supine much of the time [2]. Given the broad, 
pointed shape of the sacrum and the thinness of the overly-
ing soft tissues, most ulcers come to the surgeon with bone 
exposure. This precludes a skin graft in the sacral area, 
except in the shallowest of ulcers, and even then is useful 
only in a patient with good sensation and mobility. 
Chronically ill patients who will remain immobilized have 
too high a risk of recurrence through a skin graft. In gen-
eral, flap coverage is a better option in patients who are 
surgical candidates.
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The soft tissues surrounding the sacrum receive their 
blood supply from perforators from the superior and inferior 
gluteal arteries, which are also the arteries supplying the glu-
teus maximus muscles (see Fig. 93.4). Cutaneous, fasciocu-
taneous, musculocutaneous, and muscle flaps can be 
developed based on these vessels. The gluteus maximus can 
survive on either vascular pedicle alone [31]. However, uti-
lizing both pedicles can increase flap reliability and the vol-
ume of overlying muscle and soft tissue and also make it 
easier to readvance the flap in the future if the sacral wound 
recurs. However, because this muscle extends and rotates the 
thigh laterally and is required for ambulation, the gluteus 
maximus is not considered expendable except in the spinal 
cord injury patient. If the patient has a chance of recovering 
ambulation, then only the superior or the inferior half of the 
muscle should be used. For sacral coverage, the superior half 
of the gluteal muscle is usually used as it is closer to the 
wound. Alternatively, a cutaneous or fasciocutaneous flap 
can be used to spare the muscle entirely.

Each half of the gluteus maximus muscle is shaped like a 
rectangle, originating from the ilium and inserting into the 
greater tuberosity of the femur. Muscle or musculocutaneous 
flaps of the superior half of the muscle are constructed and 
moved in two primary ways: a rotational flap or a V-Y 
advancement flap. A rotational flap can be as an advance-
ment or with a musculocutaneous skin island. Either way, 
one end of the muscle is kept in contact with its blood supply, 

and the other end is detached to advance the entire flap, or to 
transfer a skin island in a rotational arc to fill the defect.

The V-Y advancement technique involves creating a tri-
angular-shaped skin island over the muscle, with one side 
being the defect and the other two sides forming a “V.” The 
central “V” is shifted into the open wound and the defect is 
closed in a “Y” configuration. A V-Y advancement flap can 
be designed in different ways. If not much bulk is needed, it 
can be a fasciocutaneous flap based on the gluteal perfora-
tors, and it can be advanced over the defect without needing 
to mobilize the muscle. For greater coverage with a V-Y flap, 
elevating the gluteus maximus as a musculocutaneous flap 
provides more bulk and permits more advancement of the 
overlying soft tissue because the blood supply travels with 
the muscle. This comes at the expense of a more extensive 
dissection to mobilize the muscle. Another way to get 
extended coverage of the sacrum is the use of bilateral V-Y 
advancement flaps, one based on the right gluteal area and 
one on the left gluteal area (see Fig. 93.5).

Ischial Pressure Sores

The ischial tuberosities are under high pressure in a seated 
patient. Unilateral or bilateral ischial sores develop in indi-
viduals who are seated for protracted periods of time without 

Figure 93.4  The blood supply to the gluteus maximus muscle supplies 
perforators to the overlying soft tissue surrounding the sacrum. The 
piriformis muscle marks the midportion of the gluteus maximus mus-
cle, with the superior and inferior gluteal arteries arising above and 
below the piriformis. The superior gluteal artery can be found one third 

of the distance from the posterior superior iliac spine to the greater tro-
chanter. The inferior gluteal artery appears halfway between the poste-
rior superior iliac spine and the ischial tuberosity (reprinted from 
McCarthy J. Current therapy in plastic surgery. WB Saunders. © 
Elsevier (2005)).
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adjusting their position and weight distribution. Ischial ulcers 
are challenging for several reasons. The pressure points are 
bilateral, which means that unweighting one side for pres-
sure-reducing purposes shifts increased pressure onto the 
contralateral ischium. Resecting bone on both sides runs the 
risk of shifting weight-bearing onto the perineal soft tissues, 
which can cause later scrotal or urethral sores. There can be 
fistulae involving the rectum or urethra, and these may require 
diversion and control of the fistulae before addressing the 
ischial ulcers. Finally, because of the strong hip flexors, there 
can be flexion contractures with varying degrees of deformity 
which reduce mobility and the capacity for normal weight 
distribution in either the sitting or the lying position.

Because the ischium has a number of surrounding mus-
cles, a variety of suitable flaps for coverage have been 
described. These include the inferior gluteus maximus rota-
tional flap, inferior gluteal fasciocutaneous thigh flap, V-Y 
hamstring advancement flap, gracilis muscle flap, tensor 
fascia lata rotational flap, and rectus abdominis rotational 
flap. The first two are considered the most useful flaps and 
are described in more detail below.

The inferior gluteal fasciocutaneous thigh flap, also called 
the posterior thigh flap, is a good first choice. This flap is 
robust, reliable and leaves the gluteus maximus intact to pre-
serve this option for use in case of future recurrence. The 
posterior thigh region is supplied by perforators from the 
descending branch of the inferior gluteal artery. This artery 
descends deep to the gluteal muscles in a midline axis 
between the ischium and the greater trochanter and courses 
toward the popliteal fossa. Thus, the flap design is an inverted 
triangle with its base at the inferior gluteal cleft and its distal 
point toward the popliteal fossa. The distal limit is about 
8 cm proximal to the popliteal fossa [32]. The base of the flap 
should be about 10–12 cm wide, and the point of rotation is 

5 cm superior to the ischial tuberosity (see Fig. 93.6a, b). The 
dissection is initiated inferiorly by identifying the posterior 
femoral cutaneous nerve and adjacent descending branch of 
the inferior gluteal artery. The artery is transected distally 
and preserved proximally as the flap is raised from inferior to 
superior up to the gluteus maximus muscle. Now, the flap 
can be rotated medially to fill an ischial defect (see 
Fig. 93.6c, d). If there is excess of the length of the flap, the 
distal end can be the denuded skin and the subcutaneous 
tissue tucked into the ischial crater to further eliminate dead 
space (see Fig. 93.7).

The other useful flap is the inferior gluteus maximus rota-
tional flap. Like using the superior half of the gluteus maxi-
mus muscle for a sacral wound, the inferior half of the gluteus 
maximus flap can be rotated into the ischial wound as a rota-
tion advancement (see Fig. 93.8) or a rotational island flap. 
In the latter case, a skin island over the inferior half of the 
muscle, lateral to the ischial defect, can be elevated with the 
muscle and rotated medially (see Fig. 93.9). Rotational flaps 
have an effective shortening of their pedicles as they rotate, 
and this must be taken into account when designing the flap. 
The gluteal muscle will need to be detached from its insertion 
on the femur as much as necessary to allow complete rota-
tion. An attempt should be made to preserve the descending 
branch of inferior gluteal artery to allow a future posterior 
thigh flap.

Greater Trochanter Pressure Sores

Given the mobility of the hip, pressure sores over the greater 
trochanter characteristically have extensive bursa forma-
tion with less skin involvement. After resection of the 

Figure  93.5  This male nursing-home patient had a Stage IV sacral 
pressure sore with exposed sacrum. (a) Preoperative view in the 
prone position. (b) Postoperative view after bilateral gluteus maximus 

musculocutaneous V-Y advancement flaps. Note the use of surgical 
drains under the flap donor sites.



Figure 93.6  The inferior gluteal 
thigh flap. (a) The descending 
branch of the inferior gluteal 
artery comes off at the midline of 
the posterior thigh. (b) This 
descending branch supplies the 
posterior thigh soft tissues, so a 
flap is designed to allow rotation 
into the ischial defect and 
primary closure of the donor site. 
(c) Rotation of the posterior 
thigh flap medially, inset of the 
flap into the wound, and primary 
closure of the donor site.  
(d) Immediate postoperative 
view after inset of the flap 
(reprinted from McCarthy J. 
Current therapy in plastic 
surgery. WB Saunders. 
© Elsevier (2005)).



126793  Pressure Sores in the Elderly

Figure 93.8  This woman had a recurrent right ischial pressure sore. 
(a) On her preoperative view, note the two vertical scars on her poste-
rior thigh, evidence of a previous hamstring advancement flap. These 
scars preclude the use of a posterior thigh flap. (b) After debridement 
of the wound and rotational advancement flap of the inferior half of the 

gluteus maximus muscle with its overlying soft tissues, the flap is 
inset, closing the ischial defect. Note the two surgical drains: one supe-
riorly for the donor site, and one inferiorly for the ischial wound recipi-
ent site. (c) Postoperatively with good healing and intact closure at 
3 months.

Figure  93.9  This man had a new-onset right ischial pressure ulcer. 
(a) Preoperative view in the prone position shows Stage IV wound that 
tracks to bone. (b) After debridement, the wound is larger, and a mus-
culocutaneous island flap is designed lateral to the wound, overlying 
the inferior half of the gluteus maximus muscle. (c) Elevation of the 

inferior half of the gluteus maximus muscle maintaining the perfora-
tors to the overlying soft tissue island. (d) Island flap is rotated medi-
ally into the defect and the donor site primarily closed. Note the two 
surgical drains: one in the donor site and one in the ischial wound 
recipient site.

Figure  93.7  This man had a chronic left ischial pressure sore that 
would not heal. (a) Preoperative view of ischial pressure with markings 
for a posterior thigh flap. (b) Elevation of the posterior thigh flap, show-
ing it is a fasciocutaneous flap. (c) Inset of posterior thigh flap to fill the 

entire defect, obliterate the dead space, and close the ischial pressure 
sore. Note the two surgical drains: one for the posterior thigh donor site, 
and one for the ischial recipient site.
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trochanter, flaps available for repair of trochanteric pressure 
sores include local fasciocutaneous rotational flaps, tensor 
fascia lata (TFL) musculocutaneous flaps, inferior gluteal 
thigh fasciocutaneous flaps, and muscle flaps incorporating 
the vastus lateralis, rectus femoris, or rectus abdominis 
muscles.

The flap often selected for this defect is the tensor fascia 
lata (TFL) flap. The TFL lies adjacent to the trochanter and 
originates from the crest of the anterior superior iliac spine 
and descends to insert into the iliotibial tract of the fascia 
lata. It is a flap with a single dominant pedicle, the ascend-
ing branch of the lateral circumflex femoral artery. The flap 
can be designed as an inverted triangle with a maximum 
length of about 20 cm, with the base near the greater tro-
chanter and the distal end towards the knee. The vascular 
source is about 10  cm below the anterior superior iliac 
spine along the anterior border of the TFL and must be pre-
served. The plane of dissection is between the TFL and the 
vastus lateralis. The pedicle can be identified on the deep 
medial surface of the TFL. Distally, the flap is detached 
from its insertion, but the origin proximally is not taken 
down unless more rotation is needed [33]. Once the TFL 
flap is elevated, it can be used as a rotational flap, a V-Y 
advancement, or a V-Y retroposition flap [34]. A V-Y flap 
places the most reliable portion of the flap over the greater 
trochanter, which is preferable to the rotational flap, which 
brings in the distal portion with the most tenuous blood 
supply (see Fig. 93.10).

Foot Pressure Sores

Pressure sores commonly occur over the heels, malleoli, and 
the plantar surfaces of the feet. Like other pressure sores, 
they are initiated by pressure, and most respond favorably to 
conservative treatment. Since a thick subcutaneous layer is 
not customary on the feet, most of these ulcers, unlike those 
in the pelvic girdle, are modest in size and depth. In non-
weight-bearing areas where a somewhat less durable surface 
is necessary, these may be treated conservatively. A scar left 
by wound contraction and epithelialization may suffice. In 
larger wounds, debridement and split-thickness skin grafting 
may be helpful if the bed of the ulcer will support a skin 
graft. If the ulceration is large, osteomyelitis of the calca-
neous may occur, in which event, debridement of any devi-
talized bone is required. Where flap coverage is mandatory, 
muscle flaps of the abductor digiti minimi, abductor hallucis, 
flexor digitorum brevis are described. Fasciocutaneous flaps 
based on the dorsalis pedis, medial plantar, and lateral plan-
tar arteries can also provide coverage.

Postoperative Care

The postoperative care of surgical flaps includes selected 
intravenous antibiotics when needed for culture-positive 
osteomyelitis, protecting the surgical area from body fluids 

Figure 93.10  The tensor fascia 
lata V-Y advancement flap.  
(a) Design of the flap based on 
the ascending branch of the 
lateral circumflex femoral artery. 
(b) Closure after flap advanced 
and inset (reprinted with 
permission from Mathes SJ, 
Nahai F (1997) Reconstructive 
surgery: principles, anatomy and 
technique. Quality Medical 
Publishing, St. Louis).
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and soilage, and pressure precautions. The latter is most crit-
ical, since a newly transferred flap is susceptible to pressure 
necrosis in the early postoperative period.

The postoperative protocol is customized depending on the 
patient, the pressure ulcer, and the flap chosen. It is customary 
to have 3–6 weeks with strict pressure precautions to allow 
soft tissue healing. For example, with a sacral or ischial pres-
sure sore, the patient should be positioned prone or on 
either side with frequent turning, but never supine or sitting. 

This may be difficult for the patient, so most often, the alterna-
tive is a specialized bed with an air-fluidized mattress. When 
it is time to begin ambulation, or resume sitting in a chair, the 
transition is carefully planned and executed with progressive 
increases in time each day with wound checks in between.

Regardless of the operative and postoperative steps, pres-
sure ulcer flap coverage has a high rate of recurrence of about 
40% over the long term [35]. This attests to the difficulty of 
controlling the etiologic factors of this disease.

CASE STUDY

A 72-year-old man with Alzheimer’s dementia is having 
significant difficulty taking care of himself and perform-
ing the activities of daily living (ADLs). He has a history 
of two myocardial infarctions, congestive heart failure, 
chronic obstructive pulmonary disease, insulin-depen-

dent diabetes mellitus and is recovering from a colec-
tomy for Stage III cancer, complicated by acute 
respiratory decompensation requiring ventilatory sup-
port. During his convalescence from the colectomy, he 
developed a 4-cm sacral pressure sore that is fibrinous, 
foul-smelling, and tracks to bone. Discuss the evaluation 
and management of this pressure sore.

Elderly patients with dementia and those with severe, 
acute conditions may be deconditioned and debilitated; being 
bedridden results in chronic pressure over the sacrum and a 
resultant pressure sore. Evaluation and treatment of the 
wound, and correction of the intrinsic and extrinsic factors 
contributing to the pressure sore are the first steps in taking 
care of this problem.

Since the wound is foul-smelling, it is assumed to con-
tain necrotic tissue and harbor infection. After evaluation, 
initial treatment would be debridement. This could involve 
bedside debridement or operative debridement with cultures 
of the deep tissue. Wound care with local measures and 
additional debridement as needed should be ongoing while 
other evaluations are being done.

Intrinsic factors in his case include stabilizing his cardio-
pulmonary disease, managing his diabetes, and addressing 
his nutritional status. Baseline albumin, prealbumin, trans-
ferrin, and calorie and protein counts can be used to deter-
mine if wound-healing vitamins and protein supplements to 
maintain caloric intake are needed. Cardiac and pulmonary 
evaluation for candidacy for further surgery would be 
obtained.

Extrinsic factors to correct include elimination of pres-
sure over the sacrum with a low-pressure or air-fluidized 
mattress and frequent turning. These protocols generally are 
available in the acute care setting and may be available in an 
extended care facility. His colon cancer should be discussed 
with his oncologist or colorectal surgeon, and if appropriate, 

a diverting colostomy might be considered to eliminate 
incontinence and soiling of the sacral pressure wound.

If his general condition is deemed unsuitable for pressure 
sore surgery, a plan for chronic wound care with dressings, 
possibly negative pressure vacuum dressings, should be initi-
ated. A schedule for intravenous antibiotics could be devel-
oped with infectious disease specialists if there were positive 
bone cultures. The patient’s eligibility for placement would 
be determined with the help of social services. If ineligible 
for a long-term care facility, arrangements for home care 
with nursing support and the provision of a low-pressure bed 
for the home would be necessary.

If he is a good surgical candidate, debridement of the wound 
followed by a surgical flap would be planned. After the deb-
ridement, the wound is 8 cm in diameter. The soft tissues sur
rounding the sacrum receive their blood supply from the superior 
and inferior gluteal arteries. Either a rotational or a V-Y advance
ment flap can be considered, since he has no previous scars. 
He will be ambulatory, so sparing the gluteus maximus mus-
cle is desirable. Given the size of the wound, bilateral V-Y 
fasciocutaneous advancement flaps would be a good choice.

His postoperative care would include the use of surgical 
drains, protective dressings with regular evaluation of the flap, 
bed rest on an air-fluidized mattress, deep vein thrombosis 
prophylaxis, antibiotic adjustments as dictated by intraopera-
tive cultures, and management of his medical conditions. 
Provided the wound is healing satisfactorily, graduated mobi-
lization could begin at about 4 weeks.
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Conclusions

Pressure sores are a common problem, with a majority of 
them affecting the elderly population. The etiopathogenesis 
is complex, and a multidisciplinary approach is needed to 
properly evaluate and treat the patient. Extrinsic and intrinsic 
factors must be addressed before consideration of surgical 
flap coverage, since the pressure sore will recur postopera-
tively if they are not. Patients who are at high risk for surgery 
or recurrence can be treated nonsurgically since an open 
wound that is clean, even with exposed bone and osteitis, can 
be maintained with consistent nursing care.

A three-pronged approach summarizes the evaluation and 
treatment:

	1.	 Reducing deleterious extrinsic factors: reduction of pres-
sure with low-pressure mattress or wheelchair cushion, 
frequent turning, consultation with physiatry, physical 
therapy.

	2.	 Improving beneficial intrinsic factors: addressing nutri-
tion and comorbid conditions.

	3.	 Wound care: mechanical or chemical debridement (bed-
side or operative) and pharmacologic dressings.

For the patient in whom all extrinsic and intrinsic factors are 
optimized, surgical repair of the pressure sore is undertaken 
with the understanding that there is typically a long-healing 
process and a high recurrence rate. The risks related to the 
operative and postoperative course need to be weighed care-
fully against potential benefits. Choices for coverage of these 
wounds can be cutaneous, fasciocutaneous, or musculocuta-
neous flaps with varying flap designs. These are customized 
to the patient depending on the location and size of the 
wound, and the availability of local tissues.

These wounds are some of the most difficult to heal, but 
with application of these medical and surgical principles, 
they can be managed, potentially alleviating the physical, 
emotional, and societal burdens that pressure sores impose.
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Introduction

Injuries to the musculoskeletal system in the elderly can be 
devastating. Many medical and social factors specific to 
older patients require special consideration when dealing 
with these injuries both acutely and throughout their reha-
bilitation. The geriatric segment of the population is rapidly 
growing and sustains a disproportionate number of fractures 
compared to others [1–3]. The specific goal of all orthopae-
dic care is to restore patient function to a preinjury level. 
Decreased bone stock, muscular weakness, systemic disease, 
and poor mentation are some challenges that make a return 
to independent living status difficult following such injuries. 
Immobilization and the use of devices to assist in ambulation 
(crutches, walkers, and wheelchairs) may require an elderly 
patient to be subjected to institutional care for an extended 
period of time. The following is an overview of the etiology, 
pathophysiology, and treatment considerations in treating 
geriatric patients with fractures and associated injuries.

Preinjury Status, Perioperative Risks,  
and Treatment Considerations

In elderly patients with musculoskeletal injuries, orthopae-
dic intervention attempts to restore their preinjury level of 
functioning. Their past medical, functional, and cognitive 
histories have significant impact on how and if these goals 
can be reached. Before treatment is initiated for these 
patients, it remains prudent for the physician to become 
familiar with the patient’s preinjury status.

Systemic diseases and complications can impact injury 
management. Chronic conditions such as cardiac and pulmo-
nary compromise may diminish a patient’s ability to tolerate 

recumbency, surgery, and rehabilitation. The elderly typically 
have a higher number of medical comorbidities, and they are 
also on medications that can affect their health status, injury 
risks, and response to injuries and treatments [4].

Frequently, elderly patients may have inadequate cardiac 
and pulmonary reserves, which may not be evident until their 
physiology is significantly stressed during trauma. In patients 
over 60 years of age, there is typically a lower cardiac index 
as well as a lower amount of oxygen delivery and consump-
tion [5]. Furthermore, the elderly also have been found to 
have a higher risk of developing ARDS following trauma 
[6]. These findings suggest that, in situations where their 
physiology is significantly stressed, the elderly may have a 
higher risk of mortality.

Anesthetic considerations must be taken into account 
when surgical treatment is selected. The American Society 
of Anesthesiologists (ASA) has developed a rating system 
for determining preoperative risks. This rating is considered 
to be a snapshot of the patient’s “acute” medical condition as 
opposed to the absolute number of medical comorbidities, 
which portray the patient’s “chronic” medical condition. 
These factors should be considered when planning treatment 
strategies for patient care. A patient’s medical status can 
affect their intraoperative tolerance and response to surgical 
intervention and other orthopaedic treatments. For example, 
patients may develop hypotension during the cementing por-
tion of hip arthroplasty. An elderly patient with little physi-
ologic reserve may not tolerate such stresses, resulting in 
further cardiac and potential cerebrovascular insults.

Many orthopaedic procedures can be performed with either 
general or spinal anesthesia. Reports have shown no difference 
in mortality with either one [7–9]. However, some literature 
has demonstrated some differences in other outcome mea-
sures. Regional anesthesia has been shown to reduce acute 
postoperative confusion [9]. Covert found that the use of 
regional anesthesia increases the magnitude and frequency of 
hypotensive episodes when compared with general anesthesia. 
Following hip fracture surgery under spinal anesthesia, their 
patients exhibit better oxygenation in the early postoperative 
period than that after general anesthesia. These authors also 
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found that the incidence of deep venous thrombosis is reduced 
following spinal anesthesia as compared with general anes-
thesia, and that they had less intraoperative blood loss (but, 
general anesthesia with controlled hypotension also reduced 
their amount of blood loss). However, they found that their 
1-month mortality rate, approximately 8%, was unrelated to 
anesthetic technique [10].

The presence of diabetes mellitus has been shown to 
increase the risk of wound complications (dehiscence, infec-
tion) and cause delayed fracture union [11]. Additional com-
plications, such as malunion and Charcot arthropathy, are 
prevalent in this patient population [12]. Peripheral vascular 
disease can also contribute to wound complications. These 
medical comorbidities, combined with skin conditions 
(changes in skin turgor and friability), frequently found in 
the elderly can result in soft-tissue complications, especially 
if the patient becomes sedentary or is immobilized in a cast 
for prolonged periods.

Thromboembolic disease is a significant threat, especially 
with lower extremity injury and surgery. Coupled with addi-
tional cardiopulmonary comorbidities, complications 
associated with a thromboembolic event can be devastating. 
Elderly patients may have associated risk factors that may 
heighten their chance of sustaining a thromboembolic event. 
It is imperative that either chemoprophylaxis or mechano-
prophylaxis (or both) be implemented during the course of 
patient management. The current recommendations set forth 
by the American College of Chest Physicians (ACCP) are 
listed in Table 94.1 [13, 14].

In the elderly, the incidence of deep-vein thrombosis and 
pulmonary embolism is higher due to the greater frequency 
of risk factors. With the armamentarium of treatments avail-
able, including heparin, low-molecular-weight heparin, oral 
anticoagulants, consideration for treatment must be guided 
based on the clinical presentation, risk factors, and social 
conditions. Older patients may be at increased risk for 

Table 94.1  Current DVT risk factors and prophylaxis from the ACCP

Risk factor points Risk factors
1 Point Minor surgery. Age 41–60, history of major surgery within 1 month. Pregnancy or postpartum within 

1 month. Varicose veins. Inflammatory bowel disease. Leg swelling. BMI >25. Oral contraceptive use. 
Hormone replacement therapy

2 Points Age >60 years. Malignancy or current chemotherapy or radiation therapy. Major or laparoscopic 
surgery (>45 min). Confined to bed >72 h. Immobilizing cast <1 month. Central venous access <1 
month. Tourniquet time >45 min

3 Points History of DVT or PE, Family history of thrombosis. Age >75 years. Factor V Leiden/activated protein 
C resistance. Risk factors of myocardial infarction, congestive heart failure, or chronic obstructive 
pulmonary disease. Congenital or acquired thrombophilia

5 Points Major, elective lower extremity arthroplasty TKR, THR, Hip, pelvis or leg fracture within 1 month. 
Stroke within 1 month. Multiple trauma within 1 month. Acute spinal cord injury with paralysis within 
1 month

Risk factor points total Recommendations

1 or less (low-risk) Early and aggressive mobilization
2 or less (moderate-risk) LDUH q12h, LMWH <3,400 U daily, and GCS or IPC
3 or 4 (high-risk) LDUH q8, LMWH >3,400 U daily, with or without IPC
5 or greater (highest risk) LMWH >3,400 U daily, fondaparinux, and coumadins (INR 2–3). Dose-adjusted LDUH or LMWH may 

be used with or without IPC

Additional recommendations

For elective THA LMWH 12 h pre-operatively and/or 12–24 h after surgery, or 4–6 h after surgery at one half the dose 
initially followed by a full dose on the next day. Alternatively, fondaparinux (2.5 mg) started 6–8 h 
postoperative or coumadin started preoperatively or after surgery (INR target 2.5, range 2–3). Aspirin, 
dextran or IPC alone not recommended

For elective TKA LWMH 12–24 h postoperative, fondaparinux 2.5 mg started 6–8 h post-operatively, or adjusted-dose 
warfarin administered preoperative and/or postoperatively and with INR range of 2–3 (target INR of 
2.5). Optional use of IPC devices intraoperatively or immediately postoperatively. LDUH not 
recommended for sole use as prophylaxis

For hip fractures LMWH or fondaparinux or adjusted-dose warfarin immediately administered postoperatively, with a 
target INR of 2.5 (range of 2–3) if bleeding is controlled; LDUH may be alternative (limited data). 
Aspirin alone is not recommended

For knee arthroscopy No routine prophylaxis. Early mobilization. LMWH for patients with additional preexisting risk factors 
for DVT or prolonged tourniquet time

For elective spine surgery No routine prophylaxis. High-risk patients should be treated with LDUH, LMWH, or perioperative IPC

BMI body mass index; DVT deep venous thrombosis; IPC intermittent pneumatic compression; LDUH low-dose unfractionated heparin; LMWH 
low molecular weight heparin; PE pulmonary embolism; THA total hip arthroplasty; TKA total knee arthroplasty. Source: Data from Ennis [123]
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anticoagulant-related bleeding for several reasons: increased 
anticoagulant effect of warfarin, increased prevalence of 
comorbidity, and incidence of adverse drug reactions. The 
indications for use of an inferior vena cava filter are wider in 
the older age group, not only for those in whom heparin is 
contraindicated, or has failed, but also for those who require 
treatment indefinitely with contraindications to oral antico-
agulant [15].

The patient’s cognitive status pre- and postinjury is of sig-
nificant importance when caring for the elderly. Since ortho-
paedic injuries and treatments usually require protracted 
physical therapy and rehabilitation, it is necessary for patients 
to comprehend instructions, clearly communicate, and per-
form multiple tasks. These requirements are further compli-
cated by the effect of medications on elderly cognition. 
Individuals with Alzheimer’s disease, cognitive deficits from 
cerebrovascular insults, Parkinson’s disease, and other forms 
of dementia will have difficulty participating in the therapy 
required to attain preinjury functional status and may lead to 
a negative outcome in some instances. Their inability to meet 
rehabilitation goals may result in diminished functional and 
medical gains. These factors are important considerations 
when determining the feasibility and appropriateness of 
operative intervention. A radiographically perfect result does 
not always translate into a good functional outcome. For 
example, a comminuted distal radius fracture treated nonop-
eratively may result in suboptimal radiographic reduction, 
but their inability to cope with a lengthy rehabilitation course 
and associated operative complications makes the risks 
inherent with operative treatment more significant than the 
functional limitations potentially afforded by nonoperative 
modalities. In contrast, a patient with preinjury hemiplegia 
who sustains a humeral shaft fracture may not tolerate long-
term immobilization of the functional upper extremity (the 
standard treatment) and may benefit from surgical interven-
tion to allow earlier weight bearing, with use of the affected 
extremity for transfers and assisted ambulation.

Decreased bone mass, or osteopenia, is often seen in older 
patients and is often the result of osteoporosis or osteomala-
cia. Osteoporosis is a decrease in bone density that does not 
affect mineralization, while osteomalacia results from 
decreased bone mineralization with or without changes in 
bone density. In either situation, less loading and stress are 
required to cause fractures as compared to normal bone. 
Factors affecting bone density, such as sedentary life, exces-
sive consumption of alcohol, smoking, certain medications 
(antiseizure medications such as phenytoin, primidone, and 
phenobarbital, and certain selective serotonin reuptake inhib-
itors) and comorbid conditions (i.e., renal disease, malnutri-
tion), also contribute to the patient’s overall medical condition 
[16, 17]. Not only should elderly patients with osteoporotic 
fractures be treated for those injuries but also with chemopro-
phylaxis and preventative measures to decrease the risk for 

future fractures [18]. However, the cornerstone of adequately 
treating and minimizing the effects of osteoporosis and related 
conditions is adequate intake of calcium and vitamin D.

Osteopenia presents a problem with fracture stabilization 
and healing. It is difficult to attain stable fixation in fracture 
fragments that have decreased bone mass. Stable internal 
fixation is imperative to allow for early joint range of motion, 
weight bearing, and therapy without risking fracture dis-
placement. Additionally, osteopenia increases the risk for 
nonunion since fracture callus in these patients is less dense 
and poorly organized. Fractures that have tenuous fixation, 
especially in the lower extremity, may preclude early ambu-
lation, by protracting immobilization; further, “disuse” 
osteopenia may result.

Bone remodels according to Wolff’s law, and the removal 
of external stresses can lead to significant bone loss. This 
situation can be reversed to varying degrees upon remobili-
zation and reloading. Additionally, the use of hormone 
replacement therapy (HRT) is another option in treating bone 
loss. HRT’s effects were investigated by the Women’s Health 
Initiative Study Group. Their investigators found that women 
taking HRT had 34% fewer hip fractures and 24% fewer 
fractures than women not receiving hormones. However, the 
short-term use of HRT to relieve symptoms at the time of 
menopause does little to prevent fractures in women when 
they reach 75–80 years of age. Women who take estrogen to 
maintain bone density must continue taking estrogen because 
the beneficial effects on bones disappear when it is discon-
tinued. Estrogens are still used to prevent osteoporosis but 
are not approved to treat a woman who has already been 
diagnosed with the condition [19].

When presented with osteoporotic patients, orthopaedic 
surgeons now have certain tools available to aid in the treat-
ment of their injuries. Some of these include: the use of 
methylmethacrylate (cement) to augment screw fixation and 
the use of allograft and synthetic bone graft that act in an 
osteoconductive manner in situations of excessive bone loss 
[20, 21]. Calcium phosphate implants and cements have also 
been shown to be another adjuvant to treat these challenging 
fractures [22]. However, the recent introduction of locked 
plating technology and its theoretical enhanced fixation in 
osteoporotic bone has allowed for more secured fracture 
fixation, which may promote earlier mobilization and ambu-
lation [23, 24].

Minimizing the complications of osteoporosis begins with 
medical treatment; the mainstay of which is calcium and 
vitamin D supplementation. In postmenopausal women, cal-
cium supplementation alone can reduce the rate of loss or 
even increase bone mass. Women with osteoporosis who are 
older or have low calcium intake show the most benefit from 
calcium supplementation. The National Institutes of Health 
Consensus Conference recommends 1,000 mg of calcium a 
day for women of 65 years of age and younger on estrogen 
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HRT, and 1,500 mg a day for women younger than 65 and 
not on estrogen HRT and for women older than 65 years of 
age. The most commonly used form of calcium supplemen-
tation is calcium carbonate, such as OsCal 500 or TUMS. 
Additionally, vitamin D deficiency is common in the elderly, 
often from a poor diet, low exposure to sunlight, or aging 
skin’s inability to synthesize vitamin D3. Vitamin D, 400 IU 
per day, should be added in these cases [25].

Estrogen replacement therapy stimulates bone formation, 
prevents bone loss, and has been shown to reduce the risk of 
fractures in various groups of women. For women who have 
retained their uterus, estrogen must be supplemented with 
progestin therapy to prevent potential changes in uterine tis-
sue. Estrogen HRT may also alleviate menopausal symptoms 
and prevent heart disease. However, it may also increase the 
risk of breast cancer [25].

Bisphosphonates are a class of medications currently uti-
lized to treat osteoporosis. Their mechanism of action is 
through the inhibition of osteoclasts, which are cells respon-
sible for the resorption of bone. Examples of bisphosphonates 
include etidronate, pamidronate, and alendronate. Alendronate 
(Fosamax) has been shown to decrease the rate of bone min-
eral density loss at all skeletal sites and decrease the rate of 
fractures. However, the medication must be taken on an 
empty stomach and may cause gastrointestinal discomfort. It 
should not be taken by patients with a history of swallowing 
difficulties or abnormal narrowing of the esophagus [25].

Other pharmacologic treatment options include selective 
estrogen receptor modulators (SERM), which are used for 
breast cancer, those seeking alternatives for HRT, and osteo-
porosis. One type of SERM currently used to treat osteopo-
rosis is raloxifene (Evista). This medication has demonstrated 
a beneficial effect on bone mineral density and is well toler-
ated. It is contraindicated in women who are pregnant or 
have a history of deep venous thromboses. Raloxifene has 
been found to cause an increase in BMD of the total body 
and hip similar to estrogen HRT, but has less of an effect on 
BMD of the lumbar spine. Raloxifene has also been shown 
to lower LDL cholesterol and is being studied as a way to 
prevent breast cancer [25].

Alternative medications to treat osteoporosis include cal-
citonin and parathyroid hormone (PTH) agonists. Approved 
for the treatment, but not prevention, of osteoporosis, calci-
tonin has been shown to prevent loss of spinal BMD, decrease 
the rate of vertebral fractures in women with osteoporosis, 
and possibly provide pain relief in some patients with frac-
tures [25]. Calcitonin is a potent inhibitor of osteoclastic 
bone resorption; however, osteoclasts are able to escape 
from the inhibitory effects of calcitonin following continued 
exposure. Conversely, PTH agonists function as an anabolic 
agent to increase bone mass. A recent study has demon-
strated that while PTH does decrease vertebral fractures and 
increase spinal bone density in postmenopausal osteoporosis 

and glucocorticoid-induced osteoporosis, this occurs at the 
expense of a decrease in radius bone density [26]. The long-
term safety and nonvertebral fracture efficacy are still 
unknown [26, 27].

The patient’s preinjury ambulatory and function status 
can determine the type or the need for operative interven-
tion. Studies have demonstrated that the ability of a patient 
to return to their preinjury level of ambulation and function 
is dependent upon their preexisting functional level, timing 
and type of operative treatment, and postoperative rehabili-
tation [28–31]. In Hagino’s study, they determined the fol-
lowing factors that significantly affected walking ability at 
the time of discharge for elderly hip-fracture patients: 
(1) age, (2) dementia, (3) residence before injury, (4) anemia, 
(5) electrolyte abnormality, (6) abnormal chest X-ray, and 
(7) chronic systemic disease. A scoring system based on 
these factors was able to predict the ambulation prognosis 
for these patients [32].

While elderly patients may have fractures that appear to 
be similar to those of younger patients, the comorbidities, 
physiologic reserves, and functional status make the muscu-
loskeletal injury more than just “a simple fracture.” The 
elderly patient’s ability to cope with the metabolic and physi-
ologic demands placed from these injuries is often poorer 
than their younger counterparts, and as such, treatment must 
incorporate a multidisciplinary approach. Understanding the 
preinjury level of function and comorbid status is imperative 
to work toward the goal of reestablishing the patient’s 
functionality. A multidisciplinary approach must be taken 
with input from the orthopaedic surgeon, geriatrician, 
anesthesiologist, physiatrist, therapist, and the caregiver.

Considerations in Elderly Trauma

The treatment of the geriatric trauma patient assumes a more 
complex role due to the associated comorbidities and func-
tional status impairments seen in the aged. The incidence of 
geriatric trauma is expected to increase, partly due to the 
increases in the elderly population and also the increased lev-
els of activity seen in this patient group. Therefore, in treat-
ing the elderly traumatic patient, it is important to factor in 
the following considerations.

While only compromising approximately 12% of the 
population, elderly patients account for approximately 28% 
of traumatic deaths. Elderly patients had twice the higher 
rate of mortality (after adjusting for Injury Severity Score 
and the Revised Trauma Score), and they were also more 
likely to succumb later [33].

While earlier literature had stated that the Injury Severity 
Score did not correlate to mortality in older patients, these 
studies were from series that included lower energy trauma 
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(such as slips and falls) into their overall study groups. 
However, if these injuries are excluded and then the actual 
traumatic mechanisms are examined, it has been conclu-
sively demonstrated that the Injury Severity Scores correlate 
to mortality [34]. Additionally, Gallagher found that for 
patients older than sixty with Injury Severity Scores greater 
than fifteen, there was a 28% morbidity rate, a 36% 2-year 
mortality rate, and a 60% 2-year complication rate, with 
mortality rates increasing with patient age [35].

The timing of operative management of the elderly trau-
matic patient has been the subject of continued controversy. 
While medical optimization is necessary to minimize periop-
erative risks for the elderly, delays in operative management 
have been found to lead to significant increases in morbidity 
and mortality [28–31, 36]. However, the key to minimizing 
morbidity and mortality is to perform surgical intervention as 
soon as the patient is medically stabilized and adequately 
resuscitated. In the event that patients cannot obtain definitive 
treatment for their orthopaedic injuries due to underresuscita-
tion, damage-control orthopaedics (by use of temporizing 
external fixation) may play a significant role.

In the past 30 years, the role of the “trauma center” has 
played a vital part in the care and treatment of multiply 
injured patients. Recent studies have also shown that they, 
along with centers capable of aggressive intensive-care mon-
itoring, have played a significant role in the care of the elderly 
traumatic patient. Meldon examined the Glasgow Coma 
Scale, the Injury Severity Score, and the role of acute care in 
octogenarians in different admission settings. He found that 
patients with an Injury Severity Score of 21–45 had a 56% 
survival rate if directly admitted to trauma centers as com-
pared to an 8% survival rate if admitted directly to a com-
munity institution [37]. Other studies have also stressed the 
importance of referring traumatic elderly patients who 
require adequate resuscitation and monitoring to the appro-
priate facility initially, as delays in treatment and transfer 
resulted negatively in mortality rates [38].

Hip Fractures

General Principles

Hip fractures in the elderly can be devastating or fatal, and 
their effects on the patient’s functional and psychological 
status are significant. Currently, 250,000 hip fractures, at a 
total medical expenditure of approximately 9 billion dollars, 
occur annually in the United States. By 2040, 20% of the 
population will be older than 65 years of age, and the inci-
dence of hip fractures is expected to double by the year 2050 
due to aging trends [39–41].

As individuals age, their chance of sustaining a hip frac-
ture greatly increases, doubling every decade after 50 years. 
Hip fractures occur twice as often in females and are most 
frequently seen in Caucasian women (followed by Caucasian 
men, Afro-American women, and Afro-American men). 
This may be due to differences in bone density between dif-
ferent ethnic groups [42–44]. Institutionalized patients are 
also more likely to sustain hip fractures [45–47].

Typically, hip fractures in the elderly occur from low-
energy trauma (i.e., fall while walking on a flat surface). 
They can be intracapsular (femoral neck) or extracapsular 
(intertrochanteric or subtrochanteric). The location of the hip 
fracture has a significant impact on the healing potential of 
the fracture, and this has led to different methods of opera-
tive fixation. Vascularity is more significantly compromised 
with intracapsular fractures, and as such, the role of arthro-
plasty remains an integral treatment option as compared to 
extracapsular fractures. More than 90% of hip fractures in 
patients over 65 are femoral neck or intertrochanteric in ori-
gin with a slight predominance for intertrochanteric fractures 
in the octogenarians [48].

Presentation and Management

Patients usually complain of hip and groin pain with an 
inability to bear weight on the affected extremity after sus-
taining a relatively low-energy fall. The supine patient will 
hold the affected extremity externally rotated with slight 
flexion at the hip; this position will present with a noticeable 
leg-length discrepancy. This position is one that yields the 
maximal capsular volume when there is a fracture hema-
toma, thus providing the most comfort [49].

During the evaluation of the patient, it is imperative that 
the physician ascertain the length of time from the onset of 
injury to presentation. Elderly patients who have been in 
positions of recumbency for prolonged periods will 
present with significant dehydration and electrolyte imbal-
ance. These factors must be corrected before operative 
intervention. Additionally, the presence of pressure ulcers, 
rhabdomyolysis, and deep vein thromboses are likely follow-
ing prolonged periods of immobilization. Evaluation of bony 
prominences, creatine phosphokinase, and Doppler ultra-
sonography, respectively, are warranted in any patient who 
presents after being “down” for an extended period of time.

A throughout physical evaluation should include a neuro-
vascular exam of the affected extremity, examination of each 
extremity and the spine for other injuries, documentation of 
any loss of consciousness, mental status exam, and 
assessment of skin integrity in appropriate areas. Medical 
consultation should be obtained to prepare the patient for 
possible surgery. Injury films, baseline labs, chest radiograph, 



1278 W. Min et al.

and electrocardiogram (EKG) should be attained at the time 
of presentation. Care should be taken when acquiring injury 
films, which must include an AP pelvis, a true AP of the 
affected hip, and a cross-table lateral of the hip (Fig. 94.1). 
Obtaining a frog-leg lateral in the case of a suspected hip 
fracture is detrimental by potentially causing pain, further 
displacing fracture fragments, and damaging vascular chan-
nels. Furthermore, a traction/internal rotation radiograph of 
the affected hip may aid in the diagnosis and surgical plan-
ning of the hip fracture [50].

Many centers have made a policy to acquire a baseline 
arterial blood gas (ABG) preoperatively, since hip fractures 
carry an inherent risk of deep venous thrombosis and pulmo-
nary embolus (PE). However, a recent study has demon-
strated that ABGs have poor positive predictive value for 
pulmonary embolism and add little to the positive predictive 
value or negative predictive value of a careful clinical exami-
nation. The study, therefore, concluded that acquisition of 
baseline ABGs as a routine part of the preoperative evalua-
tion is not warranted [51].

The role of traction in hip fractures is debatable and sub-
ject to physician preference. While it may provide signifi-
cant patient comfort in those with femoral shaft and 
subtrochanteric fractures, traction forces the hip into a less 
comfortable position (from its more comfortable flexed and 
externally rotated position). Therefore, it is not recom-
mended that patients with hip fractures be placed into skel-
etal traction. To aid in patient comfort, however, a pillow 
under the affected limb may reduce pain. Furthermore, the 

placement of a Foley catheter will eliminate the need for 
patient transfers to a bedpan, thereby reducing potential dis-
comfort and further fracture displacement.

When the diagnosis of hip fracture is suspected clini-
cally, but not clear with routine radiography, other studies 
are indicated. As stated before, a traction/internal rotation 
view will help visualize the entire length of the femoral 
neck. This view is conducted by shooting an AP hip radio-
graph as the physician pulls traction at the ankle while 
internally rotating the hip 15° (the average amount of ante-
version seen in the adult femoral neck). Care must be taken 
to avoid shearing the skin of the lower extremity while per-
forming the maneuver. If question remains, CT scans, tech-
netium bone scans, or MRI may detect presence of an occult 
hip fracture. However, CT scans have been found to be an 
inferior modality in detecting these fractures [52]. Both 
MRIs and bone scans are more sensitive than plain radiog-
raphy in detecting occult hip fractures, but the bone scan 
can only detect fractures 2–3 days after injury. On the other 
hand, the MRI can detect occult fractures that are less than 
24 h old [53].

Nonoperative care is reserved for selected patients who are 
nonambulatory and too ill to undergo anesthesia. Ultimately, 
the preferred treatment of a hip fracture is surgery. Operative 
stabilization or arthroplasty will decrease the period of non-
weight bearing, risk of malunion/nonunion, cardiopulmonary 
complications, and mortality. Additionally, operative treat-
ment has been shown to be the most economically advanta-
geous as compared to nonoperative treatment [54].

Figure 94.1  Intertrochanteric 
hip fracture visualized on an AP 
view (a) and cross-table lateral 
view (b) of the right hip.
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The risk of deep venous thrombosis (DVT) or pulmonary 
embolism (PE) is a concern requiring preventive measures. 
Historically, warfarin has been considered the standard for 
prophylaxis. Currently, low-molecular-weight heparin 
(LMWH) has been used subcutaneously with good results, 
without the need for constant laboratory monitoring (as is 
required for warfarin). LMWH can be administered within 
12–24 h postsurgically. In situations that will not permit the 
use of pharmacologic prophylaxis, an inferior vena cava 
filter may be used. Studies evaluating the use of subcutane-
ous unfractionated heparin for DVT prophylaxis in ortho-
paedic patients have demonstrated less efficacy as compared 
to warfarin and LMWH. However, continuous intravenous 
infusion of unfractionated heparin has been shown to be 
adequate prophylaxis in patients that are started on warfa-
rin and awaiting therapeutic INR levels [55–58]. 
Preoperatively, patients should be given pharmacologic and 
mechanical prophylaxis (i.e., venodyne boots, pneumatic 
compression stockings, etc.). Twelve hours prior to surgery, 
pharmacologic prophylaxis should be withheld (to decrease 
intraoperative and immediate postoperative bleeding 
complications) while mechanical prophylaxis should be 
continued.

The duration of DVT prophylaxis is still being debated. 
Prophylaxis is indicated while in the hospital after major 
surgery. There is evidence that the prevalence of asymp-
tomatic deep vein thrombosis, detected by routine venogra-
phy after major orthopedic surgery, is lower at hospital 
discharge in patients who have received 10 days rather than 
5 days of prophylaxis. This observation supports the cur-
rent ACCP recommendation for a minimum of 7–10 days 
of prophylaxis after hip and knee replacement, even if 
patients are discharged from the hospital within 7 days of 
surgery. As risk of DVT persists for up to 3 months after 
surgery, patients at high risk for postoperative DVT may 
benefit from extended prophylaxis (i.e., an additional 3 
weeks after the first 7–10 days). Extended prophylaxis with 
low-molecular-weight heparin (LMWH) reduces the fre-
quency of postdischarge DVT by approximately two-thirds 
after hip replacement; however, the resultant absolute 
reduction in the frequency of fatal pulmonary embolism is 
small (i.e., estimated at 1 per 2,500 patients). Indirect evi-
dence suggests that compared with LMWH, efficacy of 
extended prophylaxis after hip replacement is greater with 
fondaparinux, similar with warfarin, and less with aspirin. 
Extended prophylaxis is expected to be of less benefit after 
knee than after hip replacement. In keeping with current 
ACCP recommendations, at a minimum, extended prophy-
laxis should be used after major orthopedic surgery in 
patients who have additional risk factors for DVT (i.e., pre-
vious DVT, cancer). If anticoagulant drug therapy is stopped 
after 7–10 days, an additional month of prophylaxis with 
aspirin should be considered [59].

Outcomes

As previously mentioned, the goal of hip fracture surgery is 
to restore the patient’s functional outcome. One study showed 
that at 1-year follow-up, 41% of patients regained their pre-
injury level of ambulatory function, 40% remained commu-
nity or household ambulators but required assistive devices, 
12% became solely household ambulators, and 8% became 
nonambulatory. The factors shown to improve the possibility 
of attaining the preinjury ambulatory status are outlined in 
Table 94.2 [28].

Initial mortality rates are increased in elderly patients 
with hip fracture compared to age-matched controls. One-
year mortality can be as high as 25% [60, 61]. The highest 
rate is seen in the first 6 months, and these rates progres-
sively decline to the same as those of age-matched controls 
by 1 year. Factors shown to negatively affect 1-year mortality 
rates are outlined in Table 94.1 [29].

Timing from injury to surgical stabilization has been a 
subject of debate. Multiple studies have cited conflicting 
recommendations, with some recommending immediate 
operative stabilization as the key to minimizing mortality 
[62]. However, other studies have also found no correlation 
between the delay of surgical intervention and patient mor-
tality [63]. However, the majority of these studies have been 
based on retrospective reviews of patient records or hetero-
geneous population databases and were poorly controlled 
[60, 61, 64]. A prospective study from our institution, con-
trolling for age, sex, and comorbidities, was comprised of 
367 hip fracture patients who were not suffering from 
dementia, were capable of activities of daily living, and had 
ambulatory abilities prior to injury. The study demonstrated 
that a delay to surgical stabilization of more than two calen-
dar days doubled mortality [30]. Similar findings were 
reported in a recent study by Moran that found that delays 
of greater than 4 days in patients medically fit for surgery 
led to higher mortality rates at 3 months and 1 year after 
injury [36]. Furthermore, another study also demonstrated 
that delays of operative management of hip fractures  

Table 94.2  Hip fractures: factors influencing outcome

Factors favorable to regaining 
preinjury ambulatory status

Factors contributing to 1 year 
mortality

Age below 85 years Age over 85 years
Preoperative ASA rating  

of I or II
Preoperative ASA rating of III or IV

Intertrochanteric fracture Preinjury dependency in activities 
of daily living

Male sex History of malignancy (excluding 
skin cancer)

Absence of dementia Development of one or more 
complications during 
hospitalization
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significantly worsened the ability to return to independent 
living, increased the risk of pressure ulcers, and increased 
the length of stay [31].

Postoperatively, disparities exist in the rehabilitation pro-
tocols outlined for these patients. Protocols range from non-
weight bearing to immediate weight bearing as tolerated. 
Biomechanically, it has been shown that joint reactive forces 
are greater across the hip when comparing nonweight bear-
ing to toe-touch weight bearing [65].

Additionally, balance and upper extremity strength are 
important issues to consider when asking the older adult to 
be limited in their weight bearing. When patients are allowed 
to weight bear as tolerated immediately postoperatively, they 
self-regulate the amount of weight on the injured extremity 
and gradually increase the amount of weight bearing over 
time [66, 67].

Femoral Neck Fractures

Femoral neck fractures occur between the base of the femo-
ral head and the intertrochanteric line. These fractures are 
considered intracapsular and, due to the location of the frac-
ture relative to the femoral vascular anatomy, have signifi-
cant effects on the blood supply to the femoral head. These 
implications weigh heavily on treatment options and their 
relative success rates.

The main blood supply to the femoral head comes from 
branches off the medial and lateral femoral circumflex arter-
ies (medial with much greater contribution). These arteries 
form an extracapsular ring at the base of the neck with 
ascending branches that are intracapsular, forming a network 
ending in bony perforators to the femoral head. The intraca-
psular extensions represent terminal vessels of the extracap-
sular ring; the ascending vessels are at significant risk during 
femoral neck fracture, especially when displaced. Minimal 
vascular contribution to the femoral head also comes from 
the ligamentum teres (Fig. 94.2).

Many classifications have been used to describe femoral 
neck fractures. The most common classification is one 
derived by Garden in which Types I and II are nondisplaced 
while types III and IV represent displaced femoral neck frac-
tures [68] (Fig. 94.3). Rates for future osteonecrosis of the 
femoral head or nonunion of the femoral neck fracture have 
ranged between 5 and 35%, with significantly higher rates in 
displaced fractures (5–10% for minimally displaced versus 
20–35% for displaced) [68–72]. Nonunion requires reopera-
tion in 75% of cases, while osteonecrosis requires revision 
surgery in only 30% of cases.

Surgery is the treatment of choice for this injury. In situ 
pinning should be performed for only minimally displaced/
impacted fractures. Although these are inherently stable, 
they do have an 8–40% chance of displacement without 

operative stabilization [73, 74]. Postoperatively, all patients 
should be allowed to weight-bear as tolerated with assistive 
devices, especially due to the difficulty the elderly have in 
following weight-bearing, gait, and balance guidelines. 
Furthermore, these patients will regulate their weight bear-
ing based on pain [67].

In displaced fractures, obtaining and maintaining an ade-
quate reduction with pinning is not always possible or advis-
able. In a physiologically younger patient, all efforts should 
be made for closed reduction and pinning, but in a physiolog-
ically older patient, there is a lower threshold for arthroplasty. 
This lower threshold is partly due to the lower demands that 
physiologically older patients would place on the implant, 
increasing its longevity. In a recent meta-analysis comparing 
internal fixation and arthroplasty for displaced femoral neck 
fractures, the authors found that arthroplasty significantly 
reduces the risk of revision surgery, but at the cost of greater 
infection rates, blood loss, and operative time [75].

Early reports raised concern for increased operative times 
and higher dislocation rates for primary total hip arthroplasty 
when performed for fractures as opposed to degenerative 
joint disease [56, 76]. However, Blomfeldt determined that a 

Figure 94.2  Contributing vessels to the major sources of blood supply 
to the proximal femur. Reprinted with permission from Browner, 
Jupiter, Levine, Trafton (2003) Skeletal trauma: basic science, manage-
ment and reconstruction, 3rd ed. WB Saunders, Philadelphia. Copyright 
Elsevier (2003).
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total hip replacement provides better function than a bipolar 
hemiarthroplasty at 1 year postoperatively without increase 
the complication rate in the elderly [77]. Before entertaining 
the option of hip arthroplasty, one must ascertain if the patient 
can follow postoperative arthroplasty precautions to avoid 
dislocation. Neurologically impaired or cognitively impaired 
patients are suboptimal candidates. Currently, total hip arthro-
plasty is now the treatment of choice in the active elderly and, 
with improved implants and surgical technique, provides 
results that exceed those produced by hemiarthroplasty.

In the rare case of nonoperative care for femoral neck 
fracture, early mobilization to a wheelchair, adequate anes-
thesia, decubitus precautions, and physical therapy as toler-
ated are begun as soon as the patient is able to tolerate such 
activity. However, this option results in poor outcomes and 
should be avoided in those that can tolerate the surgery and 
the rehabilitation protocol.

Intertrochanteric Fractures

The intertrochanteric region is extracapsular, distal to the 
femoral neck between the greater and lesser trochanters. Since 
this region consists of metaphyseal bone with an abundant 

blood supply, there is less danger of healing complications as 
compared to what is noted for femoral neck fractures. An 
important area of the intertrochanteric region is the calcar 
femorale. Located posteromedially, this area is an area of 
dense cortical bone that acts as an internal strut for the signifi-
cant forces transmitted through the hip. The disruption of this 
region creates an unstable fracture pattern, and therefore, the 
implant of choice for treatment is dependent on the integrity 
of the calcar femorale. The greater trochanter lies superolater-
ally and is the insertion site of the hip abductors and short 
external rotators. The lesser trochanter lies posteromedially 
and is the insertion site of the iliopsoas (Fig. 94.4).

It is important to determine radiographically if these frac-
tures are stable. The ability to obtain stability is based on 
cortical continuity of the calcar femorale. On plain radio-
graphs, this stability is gauged by the lesser trochanter’s 
position. If the lesser trochanter is nondisplaced without 
comminution, then the fracture is termed stable while dis-
placement and comminution represents an unstable fracture. 
Other markers of instability include fractures that propagate 
from a superomedial to inferolateral direction (also known as 
“reverse obliquity” fractures), fractures with excessive pos-
terior sag, and intertrochanteric fractures that extend into the 
subtrochanteric region. Reduction attempts to establish sta-
bility are performed with axial traction, and progression 
from abduction to adduction. Internal rotation will lock the 
fracture fragments while axial traction is maintained in 
adduction [78] (Fig. 94.5).

Surgery is the treatment of choice for almost all intertro-
chanteric fractures. Indications and goals for nonoperative 
treatment are similar to those mentioned for femoral neck 
fractures, but it should be noted that these fractures are often 
more difficult to manage nonoperatively because of pain and 
deformity associated with excessive muscle pull and fracture 
displacement. Closed reduction is attempted after spinal or 
general anesthesia has been initiated, usually on a fracture 
table. If reduction is unobtainable by closed means, an open 
reduction is performed. Commonly, a device incorporating a 
sliding screw and barrel inserted into the femoral neck with 
an accompanying side plate (also known as the “sliding hip 
screw”) or intramedullary component is used. The telescop-
ing nature of the implant supplies stability and facilitates 
compression across the fracture site to stimulate bony heal-
ing. The intramedullary devices are currently recommended 
for more unstable intertrochanteric fracture patterns, while 
the sliding hip screw design is more appropriate for stable 
fractures. Currently, lesser trochanteric fractures are not 
reduced and stabilized with hardware [79].

Rarely, primary prosthetic replacement is indicated in 
cases of severe comminution. This implant differs from tradi-
tional arthroplasty components due to the disruption of the 
calcar femorale (a necessary structure for traditional arthro-
plasty components). Implanting these prostheses is associated 

Figure  94.3  Modification of Garden Classification of femoral neck 
fractures into Displaced (III and IV) and Nondisplaced (I and II) catego-
ries. Reprinted with permission from Browner, Jupiter, Levine, Trafton 
(2003) Skeletal trauma: basic science, management and reconstruction, 
3rd ed. WB Saunders, Philadelphia. Copyright Elsevier (2003).



1282 W. Min et al.

Anterior interior
iliac spine

Greater
trochanter

Iliofemoral
ligament

Pubofemoral
ligament

Lesser
trochanter
Intertrochanteric
line

Greater
trochanter

Trochanteric
crest

Lesser
trochanter

Ischiofemoral
ligament

ba

Figure 94.4  Hip joint with significant structures and capsule. Anterior (a) and Posterior (b). Reprinted with permission from Browner, Jupiter, Levine, 
Trafton (2003) Skeletal trauma: basic science, management and reconstruction, 3rd ed. WB Saunders, Philadelphia. Copyright Elsevier (2003).

Figure 94.5  Nondisplaced and displaced stable (a) and unstable (b) intertrochanteric fractures. Reprinted with permission from Browner, Jupiter, 
Levine, Trafton (2003) Skeletal trauma: basic science, management and reconstruction, 3rd ed. WB Saunders, Philadelphia. Copyright Elsevier (2003).
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with prolonged operative time, increased blood loss, and 
higher rates of dislocation as compared to elective total hip 
arthroplasties [79].

Subtrochanteric Fractures

The subtrochanteric region of the femur lies in the first 5 cm 
of the femur distal to the lesser trochanter. Fractures in this 
area are less frequent in the elderly than femoral neck or 
intertrochanteric fractures. Although these occur with high-
energy situations in the young, they may follow a simple fall 
in aged individuals [43, 80].

Stability in these fractures is also based on the integrity of 
the posteromedial cortex [81]. Usually, these injuries are 
treated with an intramedullary nail or fixed angle sliding plate 
and screw implant. Osteonecrosis is rarely a concern with 
these extracapsular fractures [82, 83]. The challenge with 
operative fixation for subtrochanteric fracture lies in obtaining 
an anatomic reduction prior to implant insertion. The signifi-
cant amount of displacement is due to the numerous deform-
ing muscle forces in this region of the femur [84] (Fig. 94.6).

The operative treatment for subtrochanteric fractures 
requires adequate reduction prior to fixation. Fixation devices 
include intramedullary nail devices, fixed angle devices 
(such as blade plates or dynamic condylar screws), and 
locked plate devices. The use of a sliding hip screw has been 
found to yield unacceptable failure rates [85, 86].

Ankle Fractures

Ankle fractures are very common fractures and on the rise in 
the geriatric population. The ankle joint consists of the distal 
aspects of the tibia and fibula (medial and lateral malleoli) 
and their articulation with the talar dome. The medial mal-
leolus is connected to the navicular, calcaneus, and talus by 
the superficial and deep layers of the deltoid ligament. The 
lateral malleolus is connected to the talus and calcaneus by a 
three-ligament complex. The tibia and fibula maintain their 
relationship via a ligamentous complex known as the syn-
desmosis (which comprises of the anterior-inferior tibiofibu-
lar ligament, the interosseous ligament, the posterior 
tibiofibular ligament, and the transverse ligament) located 
distally (Fig. 94.7). These ligaments stabilize the ankle joint, 
or the mortise, by opposing the fibula in the fibular notch 
(also known as the incisura fibularis tibiae).

Injuries to the ankle can occur by many mechanisms, with 
the majority being low-energy rotational injuries [87, 88]. 
Frequently, ligamentous and bony injury can result from a 
twisting mechanism. Injuries can be bony, ligamentous, or a 
combination of both. Because bony and/or ligamentous inju-
ries may both produce an unstable ankle joint, negative 
radiographs do not clearly rule out the presence of an unsta-
ble joint. If ligamentous injury is suspected due to signs and 
symptoms medially in the presence of an isolated fibular 
fracture, an external rotation stress radiograph should be 
considered [89].

Patients with ankle injuries often complain of an inability 
to stand or ambulate along with tenderness around the ankle 
joint following trauma. The patient may present with swell-
ing and ecchymosis around the ankle. The circumstances of 
the injury must be elicited to establish the mechanism of 
injury. Many injuries that may be overlooked during the 
evaluation of ankle fractures should be excluded through a 
screening exam. These include fractures of the proximal 
fibula, lateral process of the talus, anterior process of the cal-
caneus, and proximal fifth metatarsal [90]. A standard radio-
graphic series includes three views of the ankle joint (AP, 
lateral, and mortise (15° internal rotation view)) and full-
length tibia/fibula films to exclude syndesmotic injury (also 
known as a Maisonneuve fracture, noticed by a fracture 
along the proximal fibula). Foot films may also be consid-
ered if the physical examination of the foot reveals suspected 
pathologies.

Figure  94.6  Subtrochanteric region of femur. Contributing muscle 
forces to displacement of fracture fragments. Reprinted with permis-
sion from Browner, Jupiter, Levine, Trafton (2003) Skeletal trauma: 
basic science, management and reconstruction, 3rd ed. WB Saunders, 
Philadelphia. Copyright Elsevier (2003).
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Treatment of ankle fractures depends on the mechanism 
of injury and stability of the fracture. An isolated fibula 
fracture occurring at or below the level of the tibia–talus 
articulation without medial-sided injury is considered sta-
ble and may be treated in a short leg cast or brace with early 
weight bearing. Fractures that are considered unstable are 
bimalleolar, bimalleolar equivalents, or those with a disrup-
tion of the syndesmosis (i.e., high fibula fracture with 
medial joint line tenderness, widening of the medial clear 
space of the tibia–talus articulation, or dissociation of the 
tibia–talus or tibia–fibula articulations). Slight malreduc-
tion may result in degenerative arthritis [89]. Surgery pro-
vides a stable reduction and allows the patient to begin 
early joint range of motion to help avoid later stiffness and 
risk of malreduction. In contrast with nonoperatively treated 
patients, surgically treated patients do not require long-leg 
immobilization and can be more easily mobilized with 
assistive devices.

Operative intervention has been shown to achieve better 
fracture position and better patient satisfaction, although 
complications with hardware loosening have been seen in 
women with osteoporosis [91, 92]. The presence of diabetes, 

vasculopathy, or history of smoking increases the risk for 
soft-tissue complications (i.e., infection, wound dehiscence, 
etc.) with surgery.

Proximal Humerus Fractures

Proximal humerus fractures are frequently encountered in 
the geriatric population and occur four times more com-
monly in women [94]. Typically resulting from low-energy 
falls, the initial treatment of these fractures frequently 
requires immobilization, which interferes with activities of 
daily living. The majority of these fractures are stable and 
are best treated nonoperatively.

The shoulder joint has a complex bony and soft tissue 
relationship. The round humeral head articulates with the 
relatively flatter and shallower glenoid to form a joint that, 
while able to enjoy a relatively larger and more unrestricted 
range of motion, relies heavily on its soft-tissue connections 
for its stability. The shoulder capsule envelops this joint to 
provide static stability. Superficial to the capsule, the rotator 
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Jupiter, Levine, Trafton (2003) Skeletal trauma: basic science, man-
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cuff, composed of the supraspinatus, infraspinatus, teres 
minor, and subscapularis (Fig. 94.8), with the help of the del-
toid and scapular rotators, provide dynamic stability to the 
shoulder throughout its active range of motion. Each of these 
rotator cuff muscles insert into specific points on the humeral 
head, and each provide a direct of motion and stabilization 
integral for proper shoulder function.

Proximal humeral fractures result in relatively predictable 
fragments or parts based upon anatomic regions. Typically, 
they result in fragments that can be separated out as the 
humeral head, the greater tuberosity, the lesser tuberosity, 
and the shaft. Because of the typical insertion of the rotator 
cuff on some of these fragments, the pull of these muscles 
causes predictable directional displacement of these fracture 
fragments. As it is obvious to see that these fractures will 
affect the tension and function of these rotator cuff muscles, 
poorly treated proximal humerus fractures can significantly 
affect shoulder function and, therefore, patient outcome.

Patients with proximal humerus fractures complain of an 
inability to move the arm secondary to pain. During assess-
ment of these fractures, it is imperative that a thorough neu-
rovascular examination documents the presence of intact 
vascularity (distal pulses may be intact despite vascular 
injury about the shoulder due to the rich collateral flow) and 
sensation about the lateral aspect of the deltoid (to rule out 
damage to the axillary nerve or musculocutaneous nerve). 
While it will be difficult to assess deltoid strength to docu-
ment axillary nerve integrity, the patient may be capable of 
slightly tensing their deltoid to demonstrate the nerve’s 
function.

To adequately assess proximal humerus fractures 
radiographically, the physician should obtain at minimum 
three views of the shoulder. The shoulder “trauma series” 
includes the anteroposterior (AP), scapular “Y,” and axillary 
views. Of particular importance is the axillary view, which is 
imperative to adequately document the presence of associ-
ated dislocations of the humeral head. However, the axillary 
view, unlike the AP and scapular “Y” views, is not the view 
used to measure the amount of fracture displacement or 
angulation [94].

Minimally displaced fractures represent 80–85% of 
what is seen in the elderly for injuries to the proximal 
humerus [95]. Provided that the fracture fragments move 
as “a unit” on clinical examination, it can be assumed that 
the surrounding soft tissues and periosteum provide stabil-
ity. As such, these injuries can be treated with a brief period 
of sling immobilization (for approximately 1 week), fol-
lowed by range-of-motion exercises (progressing from 
passive to active-assisted over 4–6 weeks). Minimally dis-
placed proximal humerus fractures usually result in pain-
free union [96, 97]. It is important to initiate early 
mobilization (as early as 72  h to less than 2 weeks) for 
impacted fracture that are treated nonoperatively, as it has 
been shown to help with quicker restoration of the physical 
capability and performance of the injured arm as compared 
to longer periods of immobilization (prior to commence-
ment of therapy) [98, 99].

The role of surgical intervention has recently changed 
due to rising patient expectations and the innovation of fixation 
technologies. In the past, multifragment displaced fractures 

Figure 94.8  Shoulder joint  
with representation of rotator 
cuff restraints. Anterior and 
posterior views (from http://
www.nlm.nih.gov/medlineplus/
ency/imagepages/19622.htm).
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that do not “move as a unit” on exam were occasionally 
treated nonoperatively. However, with more emphasis and 
importance placed on restoring the anatomy of the bony 
fragments with the appropriate rotator cuff tension and ori-
entation, more of these fractures are undergoing operative 
treatment. Currently, the role and timing of surgery has been 
the subject of debate; however, if the patient is medically 
capable of undergoing operative treatment and will benefit 
from a function shoulder, then operative intervention is con-
sidered. Acute fracture/dislocations of the proximal 
humerus, however, should be addressed with operative inter-
vention. Past studies had demonstrated that acute hemiar-
throplasty is superior to attempting surgical stabilization 
and conducting delayed hemiarthroplasty [100, 101]. 
However, a recent study has shown no differences in out-
comes associated with pain and patient satisfaction compar-
ing acute versus delayed hemiarthroplasty. All patients had 
variability in outcomes related to function, and the only dif-
ference seen in delayed hemiarthroplasty was increased 
amounts of scar tissue during the surgical exposure [102]. 
Overall, low-energy, minimally displaced fractures exhibit 
better functional outcome compared to high-energy three 
and four part fractures with associated rotator cuff injuries 
[103]. Prosthetic replacement results in predictable pain 
relief, but its ability to result in predictable functional out-
comes is more variable [104, 105].

Distal Radius Fractures

Fractures of the distal radius are frequently seen in elderly 
patients, particularly women, who fall on an outstretched 
hand. Predisposing factors are osteoporosis, increased inci-
dence of falls in the elderly, dementia, poor eyesight, 
decreased coordination, medications, and history of strokes 
or transient ischemic attacks [106].

The wrist is composed of eight carpal bones and the distal 
radius and distal ulna. The articulations are maintained via a 
complex ligamentous network on both the dorsal and volar 
aspects of the wrist. Important factors in predicting a patient’s 
need for surgery and ultimate outcome include the amount of 
displacement of the fracture fragments (assessed by its 
amount of angulation, comminution, and shortening), articu-
lar surface involvement, and preinjury level of function 
[107]. While dorsally angulated distal radius fractures that 
heal in this position can lead to abnormal carpal bone kine-
matics that may cause significant functional limitations 
[108], the possibility and clinical significance for the elderly 
wrist to undergo such changes is questionable.

The presentation of distal radius fractures is pain, swell-
ing, and wrist deformity. The force responsible for a distal 

radius injury can be transmitted proximally and can result 
in elbow injury. Radiographic examination should consist 
of PA, lateral, and oblique views of both wrists. Views of 
the contralateral wrist help in evaluating the adequacy of 
reduction.

The ability to determine the stability of a distal radius 
fracture was initially evaluated by the Lafontaine criteria 
[109]. Lafontaine suggested five factors to indicate instabil-
ity: (1) initial dorsal angulation grater than 20°, (2) dorsal 
comminution, (3) radiocarpal intraarticular involvement, 
(4) associated ulna fractures, and (5) age greater than 60 
years. However, recent studies have demonstrated that age 
was the only statistically significant risk factor in predicting 
secondary displacement and instability [110].

If the patient is physiologically active, has higher demands, 
and has an injury that involves the dominant extremity, treat-
ment should be guided toward an anatomic reduction. Recent 
studies with the volar fixed-angle plate device for unstable 
distal radius fractures have shown it to provide stable inter-
nal fixation and allow early function [111]. However, in sed-
entary patients with low demands, functional outcomes are 
good despite the presence of deformity [112].

Common fracture patterns include: Colles (dorsally dis-
placed articular surface with apex-volar angulation), Smith’s 
(volarly displaced articular surface with apex-dorsal angula-
tion), Barton’s (volar or dorsal shear), nondisplaced, and 
concomitant fracture of the distal ulna [113] (Fig. 94.9). The 
goal of treatment is to restore function, enable painless range 
of motion, and maintain grip strength. Whether cast immobi-
lization or surgery is conducted, finger range of motion is 
encouraged from the onset of injury since finger stiffness can 
adversely affect outcome.

Acutely, distal radius fractures should be treated with a 
reduction and splint immobilization to grossly maintain 
alignment, protect neurovascular structures, and allow for 
swelling. Nondisplaced or stable, reduced fractures can 
ultimately be treated with a short-arm cast for 4–6 weeks. 
When anatomic reduction cannot be obtained or main-
tained, surgery, with external fixation or open reduction 
and internal fixation, is required. Implants and devices 
available to maintain anatomic reduction include plates, 
external fixators, pins, bone grafting, and calcium phos-
phate cement. Some of these implants and devices are used 
concurrently with the other implants or in isolation, 
depending on the fracture personality, patient factors, and 
surgeon familiarity.

If an adequate reduction is not obtained and if range of 
motion exercises are not encouraged, the incidence of pain, 
stiffness, and decreased grip strength greatly increases. 
Anatomic reduction (stable fixation) combined with early 
therapy results in excellent outcomes for up to 90% of 
patients [114].
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Metastatic Pathologic Fractures

As neoplasms are prevalent in the elderly, pathologic or 
impending fractures are relatively common. With higher 
rates of survival for patients with cancer, the physician should 

encounter more skeletal neoplasms than what was initially 
seen in the past. The most common form of cancer found in 
bone is a result of metastases [115].

Metastases usually arise from primary neoplasms 
in the prostate, breast, lung, kidney, and thyroid [116]. 

Figure 94.9  Common patterns 
of distal radius fractures: Colles’ 
(a) and Bartons (b). Reprinted 
with permission from Browner, 
Jupiter, Levine, Trafton (2003) 
Skeletal trauma: basic science, 
management and reconstruction, 
3rd ed. WB Saunders, 
Philadelphia. Copyright  
Elsevier (2003).
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Prostate, adenocarcinoma, Hodgkin’s lymphoma, and some 
breast cancers can be osteoblastic (“bone-forming” lesions 
that are radio-opaque on X-ray). Lung, kidney, thyroid, and 
some breast cancers are osteolytic (“bone-destroying” lesions 
that are radio-lucent on X-ray). Both osteoblastic and oste-
olytic tumors disrupt normal bony architecture and promote 
fractures. Most metastases affect the axial skeleton and the 
appendicular skeleton proximal to the knee and elbow. An 
exception is lung cancer, which is seen to metastasize dis-
tally. Multiple myeloma and lymphoma are common primary 
malignancies in older adults [117].

Nonoperative intervention includes casting and immobili-
zation of the affected bone. Risks of immobilization include 
pneumonia, decubiti, and thromboembolic phenomena. 
Thromboembolism is especially a concern in this patient 
population, as their associated malignancies predispose these 
patients to a hypercoagulable state. Nonoperative treatment 
of patients with metastases is associated with higher rates of 
nonunion.

Operative treatment is preferable in patients with impend-
ing and completed pathologic fractures. Internal stabilization 
with intramedullary rods is frequently used in instances of 
long-bone involvement. The literature suggests a minimum 
life expectancy (between 1 and 3 months) for operative inter-
vention [117, 118]. Most importantly, the goal of operative 
stabilization is to improve the quality of remaining life. This 
decision should be made following discussion between the 
surgeon, oncologist, patient, and caregiver. Upper extremity 
surgery can potentially improve independence with activities 
of daily living by relieving pain and providing stability. 
Lower extremity surgery can promote ambulation or trans-
fers in the remainder of life. Most importantly, surgical sta-
bilization, with or without adjunctive chemotherapy and 
radiotherapy, can alleviate pain.

Prior to undergoing surgery, a full-body bone scan and 
selected radiographs help determine sites of other metasta-
ses. Many authors advocate prophylactic internal fixation of 
impending pathologic fractures based on size and location of 
lesions [117]. The decision to proceed with prophylactic sta-
bilization should be made based on the patient’s level of 
function, pain, and life expectancy.

The Role of Rehabilitation

The role of rehabilitation is another important consideration 
in the treatment of geriatric trauma. Traumatic injuries may 
limit the patient’s ability to ambulate and perform activities 
of daily living, and these limitations may lead to progressive 
loss of functionality, associated morbidity and mortality from 
prolonged recumbency, and increased length of hospital 

stay [31]. In addition, treatments rendered to these patients 
have various weight-bearing and functional restrictions, and 
patients must be instructed and trained within these parame-
ters to optimize their outcomes. As such, specific rehabilita-
tion regimens, degrees of weight-bearing tolerances, and the 
length of rehabilitation have been extensively discussed in 
the literature.

These rehabilitation services come in the form of physical 
and occupational therapists, social workers, case managers, 
and inpatient versus outpatient rehabilitation centers. The 
decision to use one or a combination of these services is 
dependent upon the patient’s injury, cognitive, functional, 
and social support status, the presence of polytrauma, the 
rendered treatment(s), and the type of rehabilitation desired 
by the treating physician.

The role and effectiveness of an inpatient rehabilitation 
program in the geriatric trauma population have been exam-
ined in the literature. Kauh et al. performed a retrospective 
observational pilot study examining the discharge outcomes, 
postdischarge health care use, and death rates among patients 
treated in a postacute geriatric rehabilitation unit (GRU) 
housed within a skilled nursing facility (SNF) with those 
treated in a traditional SNF [119]. At discharge from the 
nursing facility, GRU patients showed greater improvement 
in activities of daily living and mobility, had a significantly 
shorter length of stay, and were discharged to home more 
often. At 1 year, GRU patients had significantly fewer hospi-
tal readmissions. While GRU patients also had fewer emer-
gency department visits and days in the hospital at 1 year, 
these results were not significant. The authors concluded that 
GRU may be an effective means to improve patient outcomes 
and reduce undesirable health care use after an acute 
illness.

Logters et al. examined strategies for postoperative care 
of patients with hip fractures, which included early discharge 
from the acute-care hospital and inpatient interdisciplinary 
rehabilitation facilities [120]. This prospective study exam-
ined the patient’s activities of daily living before, at the end 
of rehabilitation, and 1 year after trauma. In addition, patient-
related variables were correlated with these results. Ninety 
percent of patients improved their activities of daily living 
during rehabilitation. However, within 1 year, 40% of patients 
had deteriorations in their activities of daily living. Fifty-one 
percent of patients were reintegrated back to their homes, 
and patients who lived at home before trauma and were rein-
tegrated back to their homes had significantly better activi-
ties of daily living at 1 year after trauma than patients who 
were living in a nursing-care facility before the trauma. The 
variables of age, level of cognition, and type of fracture had 
no influence on the long-term outcome. However, the study 
also noted that an extension of rehabilitation above the mean 
time period did not improve the sustainable clinical outcome 
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Case Study

The patient is an 85-year-old woman with a history of 
hypertension and coronary artery disease. She is a lim-
ited community ambulatory requiring the occasional use 
of a cane as an assistive device. The patient sustained a 
closed right distal femoral spiral fracture after a mechan-
ical fall (Fig. 94.10). In the emergency room, the patient 
was placed into skeletal traction and admitted for 
treatment.

After the patient was medically cleared for surgical 
intervention, she was taken to the operating room and 
treated with a periarticular locked plate. The decision to 
use this construct was based on the osteoporotic quality 
of her distal femur. There were no complications intraop-
eratively, and the patient was kept on antibiotic prophy-
laxis and initiated on DVT prophylaxis with enoxaparin. 
A continuous passive motion (CPM) machine was insti-
tuted on the first postoperative day to initiate passive 
range of motion to her right knee (from 0 to 90°). The 
CPM machine was continued for three days after surgery 
to maintain knee motion. The patient was kept nonweight 
bearing on her affected extremity for 6 weeks. Starting 
on the first postoperative day, the physical therapist 
assisted the patient with ambulation under these weight-
bearing parameters.

The patient was subsequently transferred to an inpa-
tient rehabilitation facility four days after surgery, and 
progressed well with the therapy program. The patient 
was discharged from the facility 3 weeks after admis-
sion. Radiographic examination of her affected extrem-
ity 6 weeks after surgery revealed callus formation 
along the fracture site (Fig. 94.11). At this point, the 
patient was permitted to perform partial weight-bear-
ing activities with assistive devices. Three months after 
the surgery, the patient was nontender at the fracture 
site, and radiographs demonstrated adequate bony 
healing. The patient was then allowed to bear weight as 
tolerated.

and that their policy for early discharge to geriatric rehabili-
tation is associated with extension of overall hospital stay. 
Therefore, the authors concluded that the benefits noted in 
this study should be weighed against the related increased 
health care costs.

However, there are other studies that do not demonstrate 
the benefits of inpatient rehabilitation. Koval et al. assessed 
the impact of an instituted intensive inpatient rehabilitation 

on outcomes after femoral neck or intertrochanteric frac-
tures [121]. Comparing patients managed with an instituted 
inpatient rehabilitation program to those who were not, the 
authors noted no differences in the hospital discharge sta-
tus or in the walking ability, place of residence, need for 
home assistance, or independence in basic and instrumen-
tal activities of daily living at the 6 and 12-month follow-
up examinations.

Figure 94.11  Right distal femur spiral fracture status-post periar-
ticular locked plate fixation.

Figure 94.10  Right distal femur spiral fracture: AP view (a) and 
lateral view (b).
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Conclusion

Orthopaedic injuries are responsible for significant 
morbidity and mortality in the geriatric population. With 
increasing life-expectancy trends, orthopaedic problems are 
likely to increase. Ideally, treatment should focus on preven-
tion of falls and management of osteoporosis. The primary 
goals of treatment are to decrease pain, allow mobilization, 
and return the patient to their prior level of functioning. 
Treatment must include patient education and rehabilitation. 
The improvement in functional outcomes borne from these 
interventions has been shown to result in decreased long-
term cost to the health care system [122].
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If 60 is the new 40, then 80 is the new 60. Nowhere is this 
more evident than in an adult orthopedic surgery practice. As 
the population ages, the number of patients developing knee 
and hip pain is increasing. Patients are living longer and 
desire, and expect, to maintain high levels of activity and 
function throughout their lives. There are many causes of 
knee and hip pain in the elderly, the most common being 
osteoarthritis. The purpose of this chapter is to review the 
treatment options for this highly prevalent disease and to 
briefly discuss the other causes of knee and hip pain that may 
be encountered in elderly patients.

Osteoarthritis can be treated with nonoperative or opera-
tive modalities. Once nonoperative therapies such as 
nonsteroidal anti-inflammatory medications (NSAIDS), 
physical therapy, assistive devices, activity modification, 
weight loss, and injections have been exhausted, operative 
management should be considered. Total knee arthroplasty 
(TKA) and total hip arthroplasty (THA) are the most com-
mon procedures performed to maintain the quality of a 
patient’s life. In 2004, the number of total knee and total hip 
arthroplasties being performed annually in the United States 
was approximately 478,000 and 234,000 [1], respectively. 
Those numbers are expected to increase dramatically to 3.48 
million TKAs and 572,000 THAs by the year 2030 [2].

Excellent outcomes, as defined by pain relief and improve-
ment in quality of life, can be obtained in well over 90% of 
patients with a multidisciplinary team approach to this 
elderly population, including internal medicine and its sub-
specialties, rehabilitation medicine, and the orthopedic sur-
geon [3–5]. Throughout the course of this chapter, we discuss 
the underlying pathology of knee and hip pain, the preopera-
tive evaluation, the operation, and the postoperative proto-
cols, along with risks, complications, and outcomes of knee 
and hip arthroplasty.

Causes of Knee and Hip Pain

The most common cause of joint pain in the elderly is 
osteoarthritis, a disease primarily affecting articular carti-
lage. Articular cartilage is composed primarily of water 
(65–80%), collagen (the majority being type II collagen), 
proteoglycans, and chondrocytes. The function of cartilage 
is to decrease friction in the joint and to aid in an even distri-
bution of forces to the subchondral bone. Synovial fluid 
lubricates the articular cartilage and nourishes it via diffu-
sion, as articular cartilage is avascular [6].

Osteoarthritis is characterized by changes in articular 
cartilage, including an increase in the water content of col-
lagen, alterations in the proteoglycans, and a failure of the 
chondrocytes ability to repair the cartilage. This degenera-
tive process increases pressure on the subchondral bone, 
leading to remodeling and sclerosis of the bone, the forma-
tion of osteophytes and subchondral cysts, and asymmetric 
joint space narrowing. These are the most common findings 
on radiographic evaluation. It is important to note in the eval-
uation process that there may be little correlation between 
the amount of joint degeneration seen on radiographs and the 
symptoms of the patient. That is to say, a patient with 
advanced degeneration on a radiograph may have very little 
pain, and vice versa. This pathologic process ultimately leads 
to complete destruction of the articular cartilage, with bone-
on-bone contact, and a stiff, painful joint.

Another important component of the knee joint is the 
meniscus, which also aids in load distribution. It is a C-shaped 
fibrocartilaginous structure located between the femur and 
the tibia. Originally, the meniscus was thought to be an 
embryological remnant, and if torn a total menisectomy was 
performed. However, in 1948, a study by Fairbank demon-
strated late radiographic development of osteoarthritis fol-
lowing total menisectomy [7]. More recent studies have 
shown a strong correlation between complete menisectomy 
and poor outcomes [8,9].

Osteoarthritis is usually idiopathic, but it may be secondary 
to trauma, infection, ligamentous instability, osteonecrosis, or 
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underlying metabolic and neurologic disorders. The underlying 
cause of joint pain may also be from a hemorrhagic arthritis, 
such as from hemophilia or sickle cell disease, or it may be an 
inflammatory process.

The inflammatory diseases that cause knee and hip arthri-
tis include rheumatoid arthritis (RA), systemic lupus ery-
thematous (SLE), psoriatic arthritis, spondyloarthropathies, 
and crystalline arthropathies. There are laboratory findings 
that commonly aid in the diagnosis of these conditions, such 
as positive rheumatoid factor (RF) in rheumatoid arthritis 
and SLE, and positive HLA-B27 in ankylosing spondylitis 
(AS). Further, there are specific physical exam findings, such 
as morning stiffness in RA, as well as the altered radio-
graphic findings of symmetric joint space narrowing, osteo-
porosis, and protrusio acetabuli that may suggest an 
inflammatory arthritis. If, during the evaluation of a patient, 
there is concern for an inflammatory process, appropriate lab 
work should be obtained, and referral to a rheumatologist as 
indicated.

Nonoperative Management

The typical presentation of a patient with degenerative joint 
disease is that of an insidious onset of pain and stiffness, 
leading to limitations in function and a decrease in quality 
of life. The management of a patient depends on the clinical 
symptoms and findings, as well as on the radiographic stage. 
Patients with early disease will often have pain after pro-
longed activity, commonly medial-sided or anterior patell-
ofemoral complaints in the knee, and groin and thigh pain 
with hip disease. As the process progresses, patients may 
develop pain at rest, pain that interferes with sleep, or pain 
that limits activities of daily living, such as the ability to use 
public transportation or even put on shoes and socks. Pain 
can be referred from elsewhere, and therefore, it is always 
important to examine adjacent joints. For example, one 
should examine a patient’s hips when they complain of knee 
pain, as pain may be referred to the knee from the hip via 
the obturator nerve. In addition, when evaluating knee or 
hip pain, one must always examine the spine, as pain may 
be referred to either location from a lumbosacral spine 
disorder.

Standard radiographs should be obtained based on the 
patient’s history and physical exam. When imaging the knee, 
one should obtain a weight-bearing AP view, a lateral view, 
and a sunrise view to visualize the patellofemoral joint. For 
the hip, one should obtain an AP pelvis and cross-table lat-
eral radiographs. Spine films can also be ordered as indi-
cated. Review of the images will assist in the management of 
the patient by assessing the severity of the arthritic changes, 

aiding the ability to evaluate other possible causes of pain, 
including fracture or tumor. Once a diagnosis of degenerative 
joint disease has been made, a treatment plan can be reached 
based on the underlying pathology and the severity of patient 
symptoms.

When a patient presents with joint pain, an attempt is 
made to relieve the symptoms. Often, the first line of treat-
ment is a nonsteroidal anti-inflammatory medication 
(NSAID). It is imperative to take a careful medical history to 
identify contraindications to the use of NSAIDs, such as 
gastritis, ulcers, or renal disease, before prescribing any 
medication.

Newer medications, such as the COX-2 inhibitors (coxibs), 
were initially expected to cause a dramatic decrease in 
gastrointestinal side effects due to their mechanism of action. 
There are numerous studies comparing traditional NSAIDS 
with the coxibs, with some evidence of decreased upper GI 
complications with coxibs. However, there are other studies 
that show no statistically significant difference [10–12]. If a 
patient has a history of ulcers or gastritis, it is often prudent 
to prescribe a proton pump inhibitor (PPI) in conjunction 
with the NSAIDs to protect against gastric bleeding [13].

There has also been concern over increased risk of cardiac 
complications with the use of the COX-2 inhibitors. This 
began following the results of the VIGOR and APPROVe 
studies, where rofecoxib (Vioxx) was shown to cause a sig-
nificant increase in the rate of myocardial infarction or stroke, 
which led to the removal of rofecoxib from the market. 
Studies have been performed since that time, on other COX-2 
inhibitors, because of concern of a class effect of the drugs. 
A meta-analysis by Zhang in 2006 showed that a statistically 
significant increased risk of hypertension, renal dysfunction, 
ventricular fibrillation, and cardiac arrest were only associ-
ated with rofecoxib. There was no significant increase in the 
events with the use of celecoxib (Celebrex) or ibuprofen 
(Advil, Motrin) versus placebo [14]. If concerns remain after 
thorough evaluation, it may be prudent to have the patient 
consult with their medical physician prior to starting an 
NSAID.

Acetaminophen can also be prescribed, and it is not asso-
ciated with GI or kidney problems, but high doses can lead to 
hepatic dysfunction. Tramadol is another option, as it acts 
uniquely on the mu-opioid receptor, providing pain relief 
without the side-effect profile of opioid medications (i.e., 
dizziness, constipation, respiratory suppression) and without 
GI or cardiac side effects. However, tramadol use must be 
monitored closely in patients with impaired renal or hepatic 
function [12].

If medications do not provide sufficient pain relief, an 
intra-articular injection may be offered. Options include 
either a lidocaine and corticosteroid combination or a series 
of viscosupplementation injections. Viscosupplementation 
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consists of a series of 3–5 weekly injections of hyaluronic 
acid (HA) products. Knee injections are performed by the 
physician in the office, but hip injections are typically 
performed by a radiologist, as they utilize fluoroscopic, 
ultrasound, or CT scan guidance. In addition to providing 
pain relief, intra-articular injections can be used as diagnostic 
tools, to confirm the location of a patient’s symptoms. The 
lidocaine should provide almost immediate relief, and if it 
does not, one must consider other sources of the pain, such 
as referred pain from another joint. The corticosteroid may 
take 7–10 days to take effect and has variable results. 
A recent meta-analysis of knee injections by Aroll et  al. 
showed consistently significant improvement at 2 weeks, 
and several studies showed improvement at 16–24 weeks 
[15]. A Cochrane review of intra-articular knee injections 
demonstrated no significant difference between corticoster-
oid and HA at 1–4 weeks but showed improved efficacy of 
HA at 5–13 weeks [16]. That same review showed triamci-
nolone hexacetonide to be superior to betamethasone with 
regard to pain relief at 4 weeks after injection [16]. 
Subsequent injections of corticosteroids generally provide a 
shorter period of pain relief (i.e., “diminishing returns”), 
such that it is uncommon to consider more than three 
injections in a specific joint.

Physical therapy and the use of assistive ambulatory aids 
can be used in conjunction with medications. Although 
patients are often reluctant to use a cane or a walker, as they 
do not like the stigma of appearing disabled, they should be 
counseled that assistive devices provide significant relief by 
decreasing contact forces at the joint and providing greater 
stability during ambulation [17]. If a patient is willing to use 
a cane, it should be placed in the hand on the painless side for 
hips and on the painful side for knees.

The role of formal physical therapy is to strengthen the 
muscles around the joint, improve or maintain range of 
motion, and attempt to decrease pain. A recent systematic 
review of physical therapy for patients with OA of the knee 
showed that weight loss and exercise are effective at reduc-
ing pain and improving function [18]. The same review dem-
onstrated that modalities such as transcutaneous electrical 
nerve stimulation (TENS) and acupuncture can provide pain 
relief, but further research is needed in these areas as the 
quality of evidence is not as high [18]. A recent randomized 
controlled trial looking at the use of physical agents (i.e., 
heat packs, TENS, short-wave diathermy) prior to exercise 
demonstrated improved function and decreased pain as com-
pared to a group who received exercise alone [19].

Physical therapy has also been shown to be beneficial for 
OA of the hip, although manual therapy may be more benefi-
cial than exercise therapy as demonstrated in a study by 
Hoeksma. In this randomized trial, the manual therapy 
group  had significantly better outcomes in pain, stiffness, 

hip function, and range of motion at 5 weeks, with some 
benefit lasting as long as 6 months [20]. Furthermore, in 
both OA of the knee and hip, patients have had significant 
improvements in pain, range of motion, and quality of life 
following aquatic physical therapy regimens [21]. This most 
likely reflects the decreased impact this regimen places on 
the joints.

If these nonoperative options fail to provide sufficient 
relief, and a patient’s quality of life is declining due to the 
joint pain and limited function, a discussion of surgical 
options can be undertaken with the patient.

The role of arthroscopy for degenerative joint disease is 
controversial. Several studies of arthroscopic debridement of 
osteoarthritic knees have shown significant improvements in 
pain relief, with high rates of patient satisfaction at up to 
4 years [22–24]. However, a recent randomized controlled 
trial in The New England Journal of Medicine, as well as a 
Cochrane review, showed no added benefit of arthroscopic 
lavage and debridement over optimized physical and medical 
therapy in elderly patients with osteoarthritis [25,26]. There 
are far fewer studies evaluating the role of arthroscopy for 
degenerative joint disease in the hip, and most studies are 
small series of a younger population with early osteoarthri-
tis. These studies did demonstrate good short-term results 
with debridement or microfracture, and arthroscopy may 
have a place in delaying the need for THA in young patients 
[27–29]. At this time, there is no data to support hip arthros-
copy in the elderly patient.

If a patient has unicompartmental disease of the knee, 
one surgical option is a high tibial osteotomy (HTO). This 
procedure is generally performed on young, active patients 
without inflammatory disease. Another option for unicom-
partmental disease is a unicompartmental knee arthroplasty 
(UKA), in which only the diseased medial or lateral com-
partment is replaced. This surgery maintains bonestock in 
the unresurfaced compartments, as well as maintaining the 
cruciate ligaments. This is also performed in patients without 
inflammatory disease, those with a mechanical axis of no 
greater than 10° varus or 5° valgus, and with flexion contrac-
tures less than 15°. This surgical option is typically used in 
younger patients as their first knee surgery with the expecta-
tion of needing a later conversion to a TKA, or in elderly 
patients as their last knee surgery as they may not outlive the 
prosthesis.

A long-term follow-up study showed a 90 and 76% sur-
vival of UKAs versus HTOs respectively at 10 years, which 
dropped to 88 and 65% at 15 years [30]. Second decade sur-
vivorship of UKAs has been shown to be less than 90% in 
several studies and is often due to degeneration of the oppo-
site compartment [30–32]. If HTO or UKA are not indicated 
or have been performed and failed, it is time for the patient to 
consider a total joint arthroplasty.
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Once a patient is indicated for surgery, it is essential that 
they undergo a complete medical evaluation, so that their 
health is optimized prior to surgery. The patient will require 
routine labs including CBC, BMP, coagulation panel, and 
type and screen. An EKG and chest radiograph is also 
obtained. If there is any abnormality noted on EKG, or the 
patient has a history of cardiac disease, they should receive a 
cardiology evaluation, with consideration for a stress test 
and/or echocardiogram for further evaluation. The patient 
should also meet with the anesthesia team prior to the day of 
surgery so that they can address any concerns from their 
viewpoint.

Patients often donate 1 or 2 units of their own blood prior 
to surgery, or as an alternative, receive erythropoietin (EPO) 
preoperatively. The decision on which, if either, method is 
chosen is currently controversial. The initial impetus for 
donating autologous blood was a concern over disease trans-
mission in the 1980s and 1990s. This risk has decreased with 
current testing techniques, but it still estimated to be 1 in 
493,000 for HIV; 2 in 63,000 for hepatitis B; and 1 in 103,000 
for hepatitis C [33]. Guidelines regarding blood donation or 
premedication are based on preoperative hemoglobin. 
Generally, for a Hgb of 14–15 g/dl no intervention is needed; 
for a Hgb of 10–13 g/dl, preoperative EPO should be consid-
ered, as predonating would decrease their Hgb further, thus 
increasing the need for allogeneic transfusion; and for those 
with a Hgb <10  g/dl, a hematologic evaluation should be 
obtained to elicit the underlying cause of anemia. Patients 
with a Hgb > 13 g/dl are often given the option of donating 
blood preoperatively, although studies have shown that 
approximately 44% of these units are discarded. These 
guidelines are for patients undergoing primary joint arthro-
plasties [34]. When a patient is expected to have an increased 
blood loss, such as with a revision procedure, those with 
Hgb > 13 g/dl are often encouraged to predonate blood.

Several studies have demonstrated the effectiveness of 
EPO. The first orthopedic studies were in the mid 1990s and 
showed a decrease in the risk of postoperative allogeneic 
blood transfusion from 53% in the controls to 16% in the 
patients who received EPO, which was statistically signifi-
cant. When these groups were further stratified to the 
patients with preoperative Hgb between 10 and 13  g/dl, 
the results were even more impressive, with controls having 
a 78% risk of transfusion versus 14% in the EPO group 
[35–37].

A study in 2007, attempted to elicit postoperative 
differences in vigor and strength in patients who donated 
autologous blood compared with those who used EPO 
(600  IU/kg once weekly for 3 weeks preoperatively and a 
fourth dose within 24 h postoperatively). The study did not 
show significant differences in vigor or hand strength, but 
showed a significant difference in the need for allogeneic 
transfusion, with only 3% of patients in the EPO group 

receiving allogeneic blood versus 14% in the autologous 
donor group [38].

This debate has lead to the development of patient-specific 
strategies (PSS) in which algorithms are used to determine 
the appropriate management of a specific patient. These 
algorithms are procedure-specific, and even hospital- or indi-
vidual surgeon-specific, so that operative blood losses may 
be accurately predicted. These estimates, combined with an 
evaluation of a patient’s hemoglobin, weight, and medical 
comorbidities have led to preoperative management strategies 
that have caused decreased transfusion rates of 20–56%, 
reduced wasted autologous blood by 50%, and increased use 
of EPO by 11% [39,40]. All patients donating autologous 
blood or receiving EPO should receive iron supplementa-
tion. There are contraindications to the use of EPO, includ-
ing severe heart disease, vascular disease, or recent 
myocardial infarction or stroke. Further, the prescribing phy-
sician should inquire whether a patient’s insurance policy 
provides coverage of the injections, as this varies by com-
pany and by state.

Screening for methicillin-resistant Staphylococcus aureus 
(MRSA) is sometimes performed prior to elective surgery to 
try to decrease the risk of postoperative infection. This is per-
formed using nasal swab cultures and at times perineal or 
groin swabs. Studies have shown that up to 5.3% of patients 
admitted electively to general or orthopedic surgical wards 
are colonized with MRSA [41]. Risk factors for MRSA 
infection include male gender, age >70, prior hospital admis-
sion, prior antibiotic treatment, and living in a long-term care 
facility [42]. If a patient has a positive MRSA nasal swab, 
they can receive mupirocin nasal ointment in an attempt to 
decrease their postoperative risk of surgical site infection 
(SSI). For positive skin cultures, triclosan bathing is often 
used. A study by Sankar compared postoperative infections 
in patients undergoing elective total joint arthroplasties 
before and after the implementation of a MRSA screening 
and treatment protocol. One patient developed a postopera-
tive SSI with MRSA, and this patient was in the preprotocol 
group. However, there was a significant difference in the 
overall infection rate between the two groups, with more 
MRSA lower respiratory infections developing in the pre-
protocol group. The increased infection rate in the preproto-
col group resulted in an increased length of stay and increased 
cost of care. They concluded that screening elective orthope-
dic patients for MRSA decreased morbidity and was cost-
effective [42]. A similar study was performed by Wilcox, in 
which pre- and postprotocol MRSA SSI infection rates in 
orthopedic patients were compared after introducing an 
MRSA screening and treatment program. Their results were 
more impressive with a decrease in MRSA SSI from 23/1000 
to 3.3/1000 ( p < 0.001) with prescreening and treatment [43]. 
A prospective, randomized, double-blinded study in the 
New England Journal of Medicine comparing a mupirocin 
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treatment group with a placebo group showed no significant 
difference in the overall S. aureus SSI rate, but did show a 
significant decrease in SSI among the patients who were 
S.  aureus nasal carriers. They also concluded that 
screening and treatment with mupirocin was beneficial and 
cost-effective [44]. However, this study did not include 
orthopedic patients. A prospective, randomized, and double-
blinded study from the Netherlands did find a significant 
decrease in the nasal carriage of S. aureus after mupirocin 
treatment, and a trend toward a decrease in SSI, but the dif-
ference was not statistically significant. Treatment also did 
not decrease the length of hospital stay [45]. Another point 
of controversy is whether MRSA carriers should receive 
vancomycin rather than cefazolin for prophylaxis. Many feel 
this should be done only after infectious disease consultation 
to avoid increased antibiotic resistance. Hospitals must make 
individualized decisions at this time, as there is no clear-cut 
support for screening and treating for nasal MRSA carriers. 
Assessing local MRSA rates, and individual patient risk fac-
tors may contribute to the decision making process. Further, 
large, multicenter randomized trials will likely be necessary 
to gain sufficient power to determine the effectiveness of 
screening and treatment protocols.

A risk assessment for venous thromboembolism, one of 
the most common complications after knee and hip replace-
ment, is also performed for all patients undergoing surgery 
at our institution. The decision on which type of medication 
to be used (i.e., low-molecular-weight heparin, fondaparinux, 
aspirin, or Coumadin), along with a sequential compressive 
device for the lower extremities, is based on patient risk fac-
tors and type of surgery being performed (Fig. 95.1). This 
standardization of prophylaxis is important for decreasing 
postoperative thromboembolism, by ensuring that all patients 
receive appropriate prophylaxis. However, the best regimen 
to be used is not known, especially in patients who are at low 
risk. The American College of Chest Physicians recom-
mends that patients undergoing THA, TKA, or hip fracture 
surgery receive thromboprophylaxis with LMWH, fonda-
parinux, or warfarin for at least 10 days postoperatively and 
that THA and hip fracture patients be considered for pro-
longed prophylaxis (28–35 days). A prospective cohort 
study of low-risk patients undergoing THA or TKA who 
received a 10-day LMWH regimen, by Burnett et al., found 
a 3.8% rate of symptomatic DVT and 1.3% rate of nonfatal 
symptomatic PE, which were higher than reported previ-
ously. The researchers found a 4.7% rate of wound compli-
cations, with 3.4% returning to the OR for drainage of a 
wound hematoma. This leads to a conclusion that LMWH 
may not be as effective as prior studies have shown and that 
wound complications need to be considered when recom-
mending appropriate DVT prohylaxis [46]. A study by Dorr 
et  al. compared the results of low-risk THA and TKA 
patients receiving aspirin and intermittent pneumatic 

compression devices (IPCs) to a high-risk group receiving 
LMWH and/or warfarin. There were no fatal pulmonary 
emboli, 0.3% nonfatal PEs in the low-risk group, 0% in the 
high-risk group, 0.38% symptomatic DVTs in the low-risk 
group, and 0.75% in the high-risk group. None of the differ-
ences were statistically significant. They did, however, find 
a significant increase in wound hematomas in patients 
receiving warfarin or LMWH. They concluded that multi-
modal prophylaxis is safe and effective when patients are 
stratified based on risk assessment [47]. Two meta-analyses 
performed in 2000, one for THA and the other for TKA, 
showed a decreased risk of DVT and PE in patients receiv-
ing LMWH or warfarin as compared to aspirin alone [48,49]. 
However, none of the studies reviewed at that time had a 
patient group using aspirin and IPCs, making it difficult to 
draw conclusions from the studies. A more recent meta-
analysis by Sharrock looked at all causes of mortality and 
rates of PE in patients undergoing THA or TKA, dividing 
them into three groups. Group A included patients receiving 
potent anticoagulants (i.e., LMWH, fondaparinux), group B 
included patients on aspirin and IPCs, and group C consisted 
of patients on warfarin. They found the rates of symptomatic 
nonfatal PE and all causes of mortality to be significantly 
higher in group A (LMWH) than in group B (ASA and 
IPCs), whereas no significant difference was found between 
groups B and C (warfarin). This led them to conclude that 
the American College of Chest Physicians may need to 
reevaluate their recommendations [50]. The difficulty when 
drawing a conclusion from these studies is the lack of com-
parison of multimodal prophylaxis with medication options, 
for example, using ASA, LMWH, or warfarin with the use 
of IPCs and current regional anesthesia modalities. A large, 
highly powered, multicenter trial comparing treatment 
regimens would be needed to identify the best treatment 
regimen.

Current available data supports that patients should be 
risk-stratified prior to surgery to determine the appropriate 
prophylaxis as outlined in Fig. 95.1. Patients who are known 
to be very high risk, such as those with a recent history of 
DVT or PE, should be bridged with LMWH to warfarin, and 
should remain on warfarin for 3–6 months. However, clini-
cians must understand that none of the interventions dis-
cussed above have been shown to decrease the rate of fatal 
pulmonary embolism.

To optimize outcomes, it is also important for a patient to 
understand the components of the postoperative restrictions 
and physical therapy protocol. To facilitate patient under-
standing, they often attend a preoperative “Total Joint 
School,” where they meet with nurses, social workers, and 
physical therapists who can explain the protocols and answer 
any questions. These programs enhance patients’ under-
standing of the procedure, reduce anxiety, and provide them 
with realistic expectations regarding their recovery.
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Figure 95.1  NYU Hospital for Joint Diseases Adult Venous Thromboembolism Prevention Protocol.
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Figure 95.1  (continued)
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Total Knee Arthroplasty

History of TKA

“Total knee arthroplasty is a safe and reliable procedure in 
the very aged patient for the management of pain and defor-
mity secondary to arthritis of the knee.” [51] This statement 
by Tankersley and Hungerford is the result of more than 
135  years of research and development related to biome-
chanical concepts, prosthetic materials and designs, and sur-
gical techniques. The history of knee replacement surgery is 
extensive and is only briefly outlined to document the pro-
gression of events that have unfolded to reach the successful 
designs and techniques of today.

Knee replacement surgery is a resurfacing procedure and 
is most effective when the principal cause of knee pain is 
related to pathologic bone contact. Based on this concept, 
resection arthroplasty (removal of the diseased joint sur-
faces) was an early attempt to treat these disease processes. 
The first results of resection knee arthroplasty were reported 
in 1861 by Ferguson as “satisfactory” at 5 years [52]. Verneuil 
went a step further and performed what is believed to be the 
first interpositional knee arthroplasty in 1863. He used flaps 
of joint capsule to cover the resected articular surfaces. Other 
tissues, including fat, fascia lata, bursal tissue, skin , and 
materials including cellophane and nylon were also utilized 
for interpositional arthroplasty [53]. No material proved to 
be effective in relieving pain in the diseased knee, and all 
proved to be less successful than knee arthrodesis (fusion), 
which relieved pain and provided stability, but did not 
improve function.

The first documentation of metal being used as resurfacing 
material in the knee was by Campbell in 1938. He performed 
two hemiarthroplasties (replacing only one side of the joint) 
with replacement of the distal femur using an inert metallic 
alloy mold designed by Boyd [54]. Campbell concluded that 
“the use of vitallium (an alloy of Co–Cr–Mb) in the recon-
struction of a new joint is in the experimental stage and that 
the ultimate outcome of these cases is at present doubtful.” 
[54] Variations of the distal femoral mold were created and 
expanded to include a medullary stem, which improved fixa-
tion. Hemiarthroplasty eventually crossed the knee joint in 
the form of a tibial plateau resurfacing. Overall, the general 
consensus was that hemiarthroplasty of the knee was not suc-
cessful and frequently failed secondary to loosening and con-
tinued pain from the nonresurfaced joint surfaces [53].

The first total knee replacement, where both sides of the 
joint were resurfaced, was a hinged prosthesis design. One 
of the first hinged total knee replacements was performed 
by Magoni in 1949. The procedure was limited to patients 
who suffered from advanced degenerative joint disease, 

rheumatoid arthritis or patients who required reconstruction 
following tumor resection or trauma. The hinged prosthesis 
dictated the amount of flexion and extension of the knee 
while providing stability. It was these advances that made it 
a viable alternative to knee fusion [53].

The advancements in total knee arthroplasty were directly 
related to the success obtained with hip replacement surgery. 
Major gains were made with the use of polymethylmethacry-
late (bone cement) for prosthetic fixation, and with the devel-
opment of materials for prosthetic use, including stainless 
steel, cobalt-chrome, and ultrahigh-molecular-weight poly-
ethylene. Gunston designed the first nonhinged prosthesis in 
1968. It included a metal femoral component and a tibial 
component designed from high-density polyethylene fixed to 
the tibia with polymethylmethacrylate. This design was the 
first to allow near-physiologic knee motion. It also was the 
first prosthesis that relied on the patient’s own ligaments for 
stability.

In 1978 Scott et al. reported on the use of patella replace-
ments and found a decrease in patients’ patellofemoral pain 
and overall improvement in the quality of life with the addi-
tion of patellar resurfacing [55]. Further advances continue 
to focus on joint stability, prosthetic fixation, and implant 
material characteristics to optimize the long-term survival of 
the implant.

The inherent stability of a total knee prosthesis is based 
on its design. The typical primary TKA is performed with an 
unconstrained prosthesis, which relies exclusively on the 
patient’s own ligamentous restraints for stability. These 
include posterior cruciate retaining and posterior cruciate 
sacrificing prostheses, both of which remove the anterior 
cruciate ligament. This progresses to the semiconstrained 
knee, with a large tibial post to provide improved varus and 
valgus stability, followed by the constrained (hinged) pros-
thesis which are most often used in complex revision or 
tumor cases. Prosthetic fixation is accomplished with bone 
cement in most patients, although a press-fit technique with 
the use of screws and without the use of cement is occasion-
ally used in younger patients.

The history of knee replacement surgery documents a 
stepwise progression to the development of today’s prosthe-
ses. These efforts have made total knee arthroplasty a suc-
cessful treatment option for patients with degenerative joint 
disease.

The Operation

On the day of surgery, the patient will have any final ques-
tions answered by the surgeon as well as the anesthesiolo-
gist. The operative limb is initialed by the surgeon in the 
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holding room, which is formally documented, to avoid wrong 
site surgery. This method of surgical site identification has 
become a standard part of all surgical procedures. The patient 
is brought to the operating room, and either general or spinal/
epidural anesthesia is induced, followed by prepping of the 
operative limb and draping. A final “time-out” is performed 
prior to beginning the surgery, during which the attending 
surgeon, anesthesiologist, and circulating nurse reconfirm 
the correct operative site and appropriate administration of 
antibiotics. Often, a thigh tourniquet is applied and used dur-
ing the procedure to decrease blood loss. The decision to use 
a tourniquet is often based on the presence or absence of 
strong, palpable distal pulses.

The incision is drawn out with a marker on the skin mid-
line from approximately 3 cm above the superior pole of the 
patella to just medial to the tibial tubercle. The incision is 
made with a scalpel and carried down to the fascia. A medial 
flap of tissue is raised for exposure, using an electrocautery 
to coagulate any obvious bleeding. A smaller lateral flap is 
also raised. The type of deep approach/arthrotomy performed 
is based on surgeon preference. The options include a quad-
riceps tendon splitting approach, a mid vastus approach, and 
the subvastus approach. The proponents of the midline 
approach cite the ease of everting the patella and obtaining 
exposure. The midvastus approach turns the arthrotomy 
medially, creating an oblique split in the vastus medialis 
obliquus parallel with its fibers. The proponents of this tech-
nique cite a quicker return of quadriceps function as the 
muscle is not detached from the quadriceps tendon as it is in 
the midline approach. The subvastus approach takes this 
concept one step further by elevating the muscle directly off 
bone, without incising it.

Outcome studies comparing the approaches have shown 
mixed results. Two randomized studies were performed on 
patients undergoing primary bilateral TKA’s, one knee hav-
ing the median parapatellar approach, and the other the mid-
vastus. The study by Dalury found a significantly earlier 
return of straight leg raise in the midvastus group (1.7 days 
MV, 5.2 days MP), whereas the study by Keating found no 
significant difference. Further the study by Dalury found 
improved quadriceps strength at 6 weeks in the midvastus 
group, but this equalized at 3-month follow-up [56,57]. 
A prospective, randomized study comparing the median 
parapatellar approach and the subvastus approach found an 
earlier return of straight leg raise in the subvastus group (3.2 
SV vs. 5.8 MP), with greater knee flexion at 1 week, but 
range of motion at 4 weeks and 3 months were not different 
between the groups [58]. A retrospective study comparing 
subvastus and median parapatellar approaches found signifi-
cantly better patellar tracking and patellar stability in the 
subvastus group, but no difference in ROM, Knee Society 
scores, or stair-climbing ability [59].

Following the arthrotomy, a medial release is performed 
beginning with removal of peripheral osteophytes and sub-
periosteal elevation of the deep medial collateral ligament. 
Further releases may be progressively performed later if 
needed to balance the knee. The infrapatellar fat pad is often 
excised to enhance visualization of the joint. The knee is 
then gently flexed to 90°, while subluxing the patella later-
ally. The femur is generally addressed first as resecting the 
femur provides enhanced exposure of the tibia. A starting 
hole is made in the distal femur to open the femoral canal, 
followed by an opening reamer and placement of an 
intramedullary jig for femoral sizing. Once the appropriate 
size has been determined, a jig is applied to make the distal 
femoral resection. This is followed by placement of the fem-
oral cutting block, which has been sized previously, to com-
plete the posterior and anterior resections, followed by the 
oblique (chamfer) resections. These resections are made 
with an oscillating saw and the soft tissues are protected 
with retractors.

The tibia is then subluxed anteriorly, and any remaining 
ACL and medial and lateral menisci are excised. The PCL 
can be retained, recessed, or sacrificed based on surgeon 
preference and patient factors. This decision will determine 
whether a cruciate retaining (CR) or posterior stabilized (PS) 
knee is used. The PS knee has a box cut in the femoral com-
ponent into which a short post on the tibial polyethylene 
articulates to substitute for the ligaments.

An extramedullary or intramedullary guide is placed ante-
riorly to assess the appropriate amount of bone to be resected 
from the tibia. This is also used to assure the proper align-
ment of the cut, keeping it parallel to the floor, and dialing in 
the desired posterior tibial slope. Again, retractors are used 
to protect the soft tissues and ligaments while using the oscil-
lating saw. The tibial trials are then used to assess the proper 
size. At this point, the trial femoral and tibial components, 
with the trial tibial insert, may be placed to assess ligamen-
tous stability and balancing. A sizing block may be used 
prior to this step for a similar assessment. If the balance in 
the medial–lateral plane is not correct, further medial or lat-
eral releases may need to be performed. If the knee is tight or 
loose in flexion or extension, at times, it is necessary to recut 
the tibia or femur. Once proper balancing is obtained, the 
tibial component rotation is set.

Attention is then turned to the patella, where a saw or a 
reamer is used to remove the sclerotic bone leaving a remain-
ing thickness of 12–15 mm. One or three holes (based on 
manufacturer) are then drilled into the patella so that the 
polyethylene patellar button can be placed. With the appro-
priate size patella in place, a final check of stability and 
range of motion is performed with all trial components in 
place. The typical parameters evaluated are limb alignment, 
extension, flexion, stability in flexion and extension, coronal 



1302 P. J. Glassner et al.

balancing, component rotation, and patellar tracking. When 
the surgeon is satisfied with these parameters, an extensive 
irrigation of the knee joint is performed.

After drying the bony surfaces, polymethylmethacrylate 
(PMMA), i.e., bone cement, is mixed and applied to the com-
ponents and to the bone surfaces. The components are placed 
and impacted into place on the femur and tibia, while using a 
clamp for the patella. After the cement hardens, the knee is 
irrigated again, and the tourniquet may be released based on 
surgeon preference.

The knee is then closed in layers, beginning with the 
arthrotomy and working up to the skin. A deep drain may be 
placed based on surgeon preference. There have been several 
recent studies of patients undergoing primary TKA and THA 
in which patients were randomized to a group with a deep 
suction drain or a group with no drain. The overall conclu-
sions were that use of a drain in associated with a higher risk 
of postoperative transfusion, whereas lack of a drain is associ-
ated with an increased need to reinforce dressings. There has 
been no statistical difference in regard to wound infection, 
hematoma, wound dehiscence, range of motion, rate of DVT, 
or length of hospital stay [60–63]. A sterile dressing and ACE 
bandage is applied. AP and lateral radiographs may be 
obtained in the operating room to evaluate proper component 
positioning, prior to taking the patient to the recovery room.

Postoperative Course

Standard postoperative protocols have the goal of mobilizing 
the patient as early as possible. This typically occurs on the 
same day or on postoperative day (POD) #1 (i.e., the day 
after surgery). This is facilitated by the discontinuation of 
intravenous fluids and epidural or PCA pumps, as well as by 
removal of foley catheters and hemovac drains if appropri-
ate. Patients are often started on continuous passive motion 
(CPM) machines for 60 min, three times per day while pro-
gressively increasing motion daily. Studies have shown the 
benefit of an earlier return of range of motion, but by 1 year, 
the knee motions of patients who did not use CPM were 
equivalent. This earlier return of range of motion may be 
important as studies have shown a significant decrease in 
length of stay and in need for knee manipulation under anes-
thesia in patients receiving CPM combined with traditional 
physical therapy [64–68].

Ambulation training is also started POD #1, with the use 
of a walker and assistance of a physical therapist. Mobilizing 
the patient early also helps to prevent medical complica-
tions such as atelectasis, pneumonia, decubiti, and venous 
thromboembolism. Other preventative measures taken 
include 24 h of IV antibiotics (usually ancef, with clindamy-
cin as an alternative if the patient has a penicillin allergy), 
the use of an incentive spirometer, and appropriate DVT 
prophylaxis.

The typical hospital length of stay is 3–4 days in the acute 
setting, followed by discharge to home with home therapy or 
transfer to rehab facility. This is determined based on 
each patient’s needs, and performance in the perioperative 
period.

Most patients will have a gradual increase in range of 
motion and activity level, while their pain will steadily 
decrease. The ultimate range of motion that a patient will 
obtain has been shown to be generally within 10° of their 
preoperative range of motion, and this goal is typically 
achieved by 6 weeks. However, patients may have some 
smaller gains in ROM for the first 2 years postoperatively 
[69]. If ROM is not progressing as expected or has begun to 
decrease despite aggressive physical therapy, a manipulation 
under anesthesia may be performed.

The greatest success of manipulation is obtained if per-
formed within the first 3 months following surgery. Studies 
have shown improvement in range of motion of >30° at 1–2 
year follow-up [70,71]. Prior to manipulation, the alignment 
and rotation of the components should be carefully assessed 
as it could be a factor in poor range of motion. If there is any 
concern for infection, this should also be evaluated. This is 
discussed in detail later in the chapter. If a manipulation is 
unsuccessful, or >3 months have passed since surgery, and 
the prior concerns have been addressed, an arthroscopic or 
open lysis of adhesions may be performed. The success rates 
of these procedures have been variable, with improvements 
between 16 and 62° reported [72,73].

Overall, 95% of TKA patients have excellent satisfaction 
and improvement in lifestyle [3]. There are, however, several 
important complications such as infection, VTE, PE, pros-
thetic loosening, and periprosthetic fracture, which is dis-
cussed later in combination with THA, as the evaluations are 
quite similar. Follow-up appointments at 6 weeks, 3,6 
months, 1 year, and every 1–2 years thereafter (with radio-
graphs obtained at each visit) are an essential part of patient 
management.
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Case Study

The patient is a 78-year-old female who presented for 
evaluation of bilateral knee pain, left greater than right. 
The pain had been present for 5 years and had been wors-
ening recently. The knee pain was worse with activity. She 
used a cane for ambulation and could ambulate only six 
blocks before needing to rest secondary to her knee pain. 
She denied low back or hip pain and denied numbness or 
tingling in the lower extremities. She had received visco-
supplementation injections to the knee in the past, which 
provided 1 year of relief, but the pain had now worsened. 
She had been treated with a course of physical therapy 
with limited benefits, and she utilized NSAIDs in the past, 
but they were discontinued due to peptic ulcer disease. Her 
medical problems included hypertension, urinary inconti-
nence, and hypercholesterolemia. Medications included 
Lipitor, Foltx, Monopril, and hydrochlorothiazide.

Physical examination revealed a healthy appearing 
elderly female in no acute distress. She walked with an 
antalgic gait referable to the left lower extremity. 
Examination of the left knee showed a moderate effusion 
and tenderness to palpation over the medial joint line and 
distal medial femoral condyle. There was no ligamen-
tous laxity, and range of motion was 5–130°, with pain 
on extreme flexion. She had 5/5 strength of her quadri-
ceps and hamstrings. Distally motor and sensory func-
tion was intact, and distal pulses were palpable. 
Examination of the right knee did not show significant 
findings; range of motion was from 0 to 125°. Screening 
examination of both hips was unremarkable. Examination 
of the lumbosacral spine showed painless range of 
motion, and a negative straight leg raise bilaterally.

Radiographs of the left knee showed an area of osteone-
crosis of the medial femoral condyle with secondary 
osteoarthritis of the medial compartment (Figs. 95.2–95.4). 
Right knee radiographs showed moderate osteoarthritis, 
primarily in the lateral compartment, but less pronounced 
than the changes noted in the left knee.

Left total knee arthroplasty was recommended, and 
after extensive discussion, the patient decided to proceed. 
During preoperative medical evaluation, cardiac prob-
lems were identified, for which she underwent angio-
plasty and placement of two stents without complications. 
Her surgery was postponed until she was able to tempo-
rarily discontinue anticoagulation (Plavix), and final 
clearance was obtained from her cardiologist.

She underwent left TKA without complication 
(Figs. 95.5–95.7). Initial postoperative monitoring was in 
the surgical intensive care unit, due to her medical history. 

She was placed on lovenox and SCDs postoperatively for 
DVT prophylaxis. She received one unit of packed red 
blood cells for postoperative anemia, to which she 
responded appropriately. She started physical therapy on 
postoperative day 1 for weight bearing as tolerated ambu-
lation and range of motion, with the assistance of a CPM 
machine. Postoperative day 4, she was transferred to the 
inpatient rehab facility at our institution. She continued to 
progress well and was discharged to home 1 week later.

At 6-week follow-up, she was doing very well, ambu-
lating with a single cane. Knee ROM was from 0 to 105°. 
She had regained good strength, and a straight leg raise 
could be performed without extensor lag. She continued 
to progress well. At 2 year follow-up, she had painless 
ROM of 0–115° (Fig. 95.8). She had been able to per-
form her daily activities, including using public transpor-
tation and going to the theater. Her right knee pain, 
however, had slowly worsened for which she had received 
intra-articular steroid injections with good relief. If the 
pain continues to worsen, she will likely become a candi-
date for a right total knee replacement.

(continued)

Figure  95.2  Bilateral weight-bearing AP knee radiograph of a 
78-year-old female with bilateral knee pain, left greater than right. 
It shows an area of osteonecrosis in the left medial distal femoral 
condyle, with secondary osteoarthritis. Osteoarthritis is also seen 
in the right knee, more pronounced in the lateral compartment.
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Figure  95.3  Lateral radiograph of the left knee showing 
osteoarthritis and vascular calcifications.

Figure 95.4  Sunrise radiograph of the left knee, showing osteoar-
thritis of the patellofemoral articulation, with large medial and 
lateral osteophytes.

Figure 95.5  Postoperative bilateral AP knee radiograph showing a 
left cruciate retaining total knee arthroplasty.

Figure  95.6  Postoperative lateral radiograph of the left knee, 
showing cruciate retaining total knee arthroplasty, with a resurfaced 
patella.

Case Study  (continued)

(continued)
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Total Hip Arthroplasty

History of THA

Total hip arthroplasty is one of the most successful opera-
tions performed today. This is only possible due to the exten-
sive work that was performed to develop the modern day 
prosthesis, beginning in the late 1800s and early 1900s. As 
with the knee, early attempts at relieving pain and preserving 
motion in the hip utilized interpositional biologic or inor-
ganic materials such as autologous fascia lata grafts and even 
gold. The initial attempts were by Sir Leopold Ollier in the 
late 1800s, but did not have much success until the early 
1900s when Sir Robert Jones reported its long-term out-
comes [74–76]. As these methods were largely unsuccessful, 
Smith-Peterson developed the “mold arthroplasty” in which 
glass, and later materials such as Pyrex, was applied over the 
bleeding cancellous bone of the femoral head and acetabu-
lum. While patients did have some initial pain relief, the 
molds failed within a few months due to their brittle nature. 
In 1937, the development of vitallium (a metal alloy) pro-
vided a material with better durability, thus improving patient 
outcomes [74–76].

In addition to the interpositional arthroplasties, the 
Judet  brothers in France performed early attempts at hip 

arthroplasty. They developed an acrylic femoral head replace-
ment, which, unfortunately, failed rapidly due to high wear 
rates [74]. These efforts did provide a stepping-stone for the 
development of stemmed, metallic endoprostheses, which are 
similar to those used today. The problem with these metallic 
prostheses was an increased wear rate within the acetabulum, 
leading to persistent and worsening pain. Attempts were 
made to resurface the acetabulum with metal as well, but due 
to the high friction between the surfaces, abundant metallic 
debris was produced, leading to osteolysis and loosening.

Some of the most important contributions to total hip 
arthroplasty were made by Sir John Charnley. He was able to 
take all of the lessons learned by his predecessors and 
develop the low-frictional torque arthroplasty. This decrease 
in friction was obtained by using a 22-mm metallic head 
with a polytetrafluoroethylene acetabular cup, which low-
ered the coefficient of friction to near that of the native total 
hip. This procedure was further improved by his use of 
PMMA to cement both the stem and the cup in place, allow-
ing adequate fixation and a more uniform load distribution. 
An important change was made when the polytetrafluoroeth-
ylene was replaced by high-density polyethylene, and later 
ultrahigh-molecular-weight polyethylene, greatly decreasing 
wear rates [74–77].

The prevalence of total hip arthroplasties being performed 
began to increase steadily in the 1970s, as Charnley’s patients 

Figure  95.7  Postoperative sunrise radiograph of the left knee 
which shows proper positioning of the resurfaced patella within the 
trochlear groove.

Figure 95.8  Bilateral weight-bearing AP radiograph, 2 years after 
left TKA which shows excellent component alignment, and 
worsening right knee osteoarthritis.

Case Study  (continued)
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were experiencing good results. Continued modifications in 
cementing techniques further improved outcomes. However, 
concerns over component loosening, especially in younger 
individuals, led to the development of prosthetic designs that 
could be inserted without the use of cement. This has been 
quite successful, largely due to improvements in materials, 
component design, and the use of hydroxyapatite, providing 
successful bony ingrowth and stability of the prostheses.

The search for the ideal materials for total hip arthroplasty 
is ongoing. This is evident by the more recent developments 
of highly cross-linked polyethylene, ceramic femoral head, 
and acetabular shell components, as well as a return to resur-
facing with metal components. These newer components are 
being developed due to advances in material properties and 
the machining/processing of these materials. Recent studies 
have shown improved wear rates and improved hip stability, 
which may lead to better long-term survival of the prosthe-
ses. This continual research will likely maintain the reputa-
tion of total hip arthroplasty as one of the most successful 
operations performed.

The Operation

Prior to the surgery, the standard protocols discussed for the 
TKA apply regarding the preoperative discussion with the 
surgeon and anesthesiologist, as well as regarding surgical 
site verification. After induction of general or spinal/epidural 
anesthesia, the patient is most commonly placed in the lat-
eral position with the operative limb up. The patient is main-
tained in this position by the use of a well-padded hip 
positioner that keeps the pelvis fixed and stable. This is used 
for the posterior and anterior-lateral approaches, which are 
the most common. The patient is at times placed supine for 
the direct lateral or direct anterior approach. We discuss the 
posterior approach with placement of press-fit metal on poly-
ethylene components, as this is the most common. There is a 
brief discussion of the advantages and disadvantages of the 
other surgical approaches and components later in the chap-
ter. The exact use of retractors and steps can vary, but here, 
we describe a common approach used at our institution.

The limb is sterilely prepped and draped, followed by 
drawing out the skin incision with a marker, centered over 
the posterior 1/3 of the greater trochanter. From the tip of the 
greater trochanter it extends proximally about 4–6 cm and 
distally 4–6 cm in line with the shaft of the femur. The inci-
sion is made with a scalpel through the skin and subcutane-
ous tissues, down to the level of the deep fascia. Any bleeding 
is coagulated with an electrocautery. An incision centered 
over the trochanter is made with a scalpel through the fascia. 
Proximally, the gluteus maximus muscle belly is split bluntly. 
A Charnley retractor is now placed beneath the fascial edges, 

and perpendicular to the wound for exposure. The bursa over 
the greater trochanter is now visualized, and gently peeled 
off with the use of a long-tipped electrocautery. This exposes 
the short external rotators of the hip. A cobra retractor is 
placed beneath the gluteus minimus tendon, and the piri-
formis tendon is visualized. The knee of the patient is now on 
a sterile bump, keeping the femur parallel to the floor. An 
assistant begins to internally rotate the limb, placing tension 
on the short external rotators. They are detached directly 
from bone, beginning with the piriformis tendon proximally, 
then distally through the superior gemellus, obturator 
internus, inferior gemellus, and a portion of the quadratus 
femoris. This is carried distally until the lesser trochanter is 
visualized. Prior to taking down the rotators, the sciatic nerve 
is palpated and carefully protected to avoid injury. The 
external rotators may be released separate from the hip joint 
capsule, or the capsule and rotators may be released together. 
A T-shaped capsular incision is made exposing the femoral 
head and rim of the acetabulum. The external rotators and 
capsule are then tagged with sutures, so that they can be 
repaired at the end of the procedure. The hip is then dislocated 
by gentle flexion, adduction, and internal rotation. The bump 
is then repositioned beneath the patient’s knee, keeping the 
femur level.

A trial broach is used to mark the correct angle of the 
femoral neck osteotomy. The level of the cut is determined 
from preoperative templating and measured with a ruler from 
the lesser trochanter. An oscillating saw is used to make the 
osteotomy, carefully protecting the soft tissues. The femoral 
head is then removed, exposing the acetabulum.

A cobra or Hohmann retractor is used to retract the femur 
anteriorly for visualization. Steinman pins are placed superi-
orly and posteriorly, with a cloverleaf retractor placed infe-
rior. This provides excellent acetabular exposure. The 
remaining labrum is excised from the rim of the acetabulum, 
followed by removal of the ligamentum teres from the 
acetabular floor.

Reaming is performed to reshape the acetabulum to match 
the implant. Initial reaming is performed with a small size, 
often 43 mm, removing the degenerative floor of the acetabu-
lum and medializing. The size is sequentially increased by 
either 1 or 2 mm until the appropriate size is reached based 
on the preoperative templating and intraoperative assess-
ment. During reaming, one must carefully position the ream-
ers to obtain appropriate anteversion (15–20°) and coronal 
tilt (35–45°). The last reamer used is typically 1–2  mm 
smaller than the final implant size, for noncemented compo-
nents (cemented acetabular components are rarely used dur-
ing hip arthroplasty). A trial acetabular cup is then placed to 
assess proper fit. If the fit is correct, the acetabular compo-
nent is then placed, using an antenna on the impactor handle 
to confirm proper positioning. With the appropriate version 
aligned, the cup is impacted. If there is concern over cup 
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stability, screws may be placed to augment fixation. The 
polyethylene liner is then placed within the cup and impacted 
into place.

Attention is turned to the femur after the acetabulum is 
completed. The limb is internally rotated, placing the lower 
leg perpendicular to the ground. A retractor is placed beneath 
the proximal femur, allowing visualization of the femoral 
canal. Soft tissues remaining anterior to the greater tro-
chanter and superior to the remaining femoral neck are 
removed. A box osteotome is used to open the femur proxi-
mally, followed by a starting broach that is placed down the 
femoral canal. The canal is then sequentially enlarged with 
reamers and broaches until the appropriate fit is obtained. 
This is also guided by the preoperative templating. One 
must maintain proper version of the stem throughout the 
process.

A trial femoral neck and head are then placed on the fem-
oral broach, with the size and offset determined preopera-
tively to give the patient appropriate soft tissue tension and 
leg length. The hip is reduced and taken through range of 
motion testing to assess stability of the hip. Further verifica-
tions of appropriate size are made intraoperatively and com-
pared with preoperative templating. When appropriate 
stability and length have been obtained, the trials are removed 
and the final stem is impacted into place. A trial femoral 
head is again placed for a final check of stability and limb 
length before placing the head.

The wound is extensively irrigated with sterile saline. 
Two drill holes are then placed through the greater trochanter 
to allow reattachment of the piriformis, capsule, and the 
other external rotators. The deep fascia is repaired with inter-
rupted sutures, followed by a similar closure for the deep and 
subcutaneous layers. The skin may be closed with staples, 
sutures, or a subcuticular absorbable stitch with Dermabond. 
A sterile dressing is applied.

The drapes and hip positioner are removed, and the patient 
is placed supine on the table, with special care to maintain 
the hip abducted and externally rotated, as the most common 
position of dislocation is flexion, adduction, and internal 
rotation. This is assisted by the use of an abduction pillow. 
Clinical limb length is assessed, followed by obtaining an 
AP pelvis radiograph to assess final component placement, 
and assure that the hip is reduced prior to moving the patient 
to the recovery room.

Postoperative Course

The initial postoperative course is quite similar to the TKA, 
in which IV fluids, foley catheters, hemovac drains, and epi-
dural/PCA pain pumps are discontinued, with a goal of early 
mobilization. At least, the patient should be out of bed to a 

hip chair (an elevated chair to prevent flexion of the hip 
beyond 90°), and an incentive spirometer is used to prevent 
atelectasis on POD #1. Routine labs, including BMP and 
CBC, are drawn and addressed as needed. If a patient’s 
hematocrit is less than 27 and the patient is symptomatic 
(i.e., tachycardic, hypotensive, weak, dizzy), the patient may 
require a blood transfusion. In a patient with medical comor-
bidities, such as CAD or history of MI, the goal hematocrit is 
often 30 or greater, based on the preoperative recommenda-
tions of the medical team.

Ambulation is begun with a walker and instruction by a 
physical therapist. The patient will be weight bearing as tol-
erated (WBAT) unless there is a concern over initial stability 
of the components, or a complication such as a fracture 
occurred. The therapist will also review hip precautions and 
demonstrate basic exercises such as dorsi/plantar flexion of 
the ankles and heel slides in the bed. This routine will con-
tinue, usually twice per day, until POD 3 or 4, when the 
patient is cleared for transfer to home or to a rehab center.

A home nurse will remove skin staples, or sutures, at 
2 weeks postoperatively, and the patient will continue home 
therapy. The first follow-up visit is at 6 weeks, followed by 
visits at 3, 6 months, and 1 year. Evaluation of gait, range of 
motion, and strength will be performed at each visit with 
radiographs obtained annually unless there are symptoms 
that necessitate radiographic evaluation. By the 6th week 
visit, the patient will often have progressed to the use of a 
cane.

The overall success rate of THA is >95%, making it one 
of the most successful surgeries performed. This is based on 
outcome studies regarding the relief of pain and return of 
function. A patient may progress from being wheelchair-
dependent due to pain to ambulating and returning to work. 
The longevity of the prostheses is excellent as well, with 
95% lasting 10–15 years [4,5,78]. The use of alternate bear-
ing surfaces, and advancing technologies, may continue to 
improve these results. These alternate bearings include 
ceramic and all metal surfaces. They are primarily used in 
the younger population. In the elderly population, the com-
ponents are routinely a cobalt-chrome metal head with a 
highly cross-linked polyethylene liner within a metal acetab-
ular shell. The femoral stem may be cemented in place if 
there are concerns over obtaining adequate fixation, while 
minimizing the risk of fracture, in brittle, osteoporotic bone. 
Based on a review of the literature, currently, the NIH rec-
ommends a hybrid THA in the elderly with a cemented 
femoral stem and a press-fit acetabular component. This is 
due to the excellent long-term outcomes obtained and the 
fact that when both components are cemented the acetabu-
lum is usually the site of early loosening [79–81]. However, 
at our institution, we routinely press-fit both components 
with excellent results, which has been supported in several 
studies [82–85].
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Complications

The complications after THA are very similar to those after 
TKA (including VTE, PE, MI, UTI, fracture, loosening, 
infection), the main difference being stiffness in TKA and 
dislocation and limb-length discrepancy in THA. It is pos-
sible to dislocate a TKA with extreme flexion in a ligamen-
tously loose or unbalanced knee, but this is very rare. The 
dislocation rate after a primary THA has been shown to 
range between 0 and 7% across different studies [86–91]. 
The high variability is related to the type of surgical 
approach used. The highest rate of dislocation has been 
shown with the posterior approach, but with improved tech-
nique, including repair of the posterior soft tissues, these 
rates have decreased from 4% to less than 1% in several 
studies [86–91]. A further improvement has been obtained 
with the use of larger femoral heads, 32 mm and greater, 
which provide increased stability by increasing the head to 
neck ratio. This provides a larger arc of motion before 
impingement and levering of the femoral head [88,92]. The 
anterolateral and direct lateral approaches have had tradi-
tionally lower dislocation rates but may have higher risk of 
a postoperative abductor lurch [87,93]. These two factors 
have led to the development of new approaches, such as the 
direct anterior approach, with the goal of eliminating these 
two complications.

This approach to THA was first described in 1947 but has 
been recently modified by Joel Matta. In this approach a 
small, 10-cm incision is made anteriorly over the hip, in 
which the hip joint may be exposed without the release of 
any musculature. The surgical window is between the tensor 
fascia lata and sartorius superficially, and the gluteus medius 
and rectus femoris in the deep layer. The technique is per-
formed in the supine position on a specially designed frac-
ture table, which allows free, independent movement of the 
limbs. Intraoperative fluoroscopy is also used to assist in 
appropriate component positioning, as well as in obtaining 
equal leg lengths. In Matta’s series of 494 consecutive THA, 
the dislocation rate was 0.61%, with leg lengths being within 
3 mm on average. Further, as no muscles are detached, no 
postoperative hip precautions are needed, and patients often 
progress to independent ambulation at a faster rate [95]. 
While the early results of this technique are quite impressive, 
there is a steep learning curve, and it must be used in care-
fully selected patients.

Morbidity from medical complications is best prevented 
by appropriate preoperative medical evaluations and postop-
erative regimens including VTE prophylaxis, early removal 
of indwelling catheters, and early mobilization. However, in 
spite of these measures, they are not all preventable. The 
more common, yet still rare, medical complications are 
myocardial infarctions/cardiac arrhythmias, VTE, PE, 
urinary tract infection, pneumonia, and Clostridium difficile 

infection. In a study by Parvizi et  al., 1,636 patients 
undergoing TJA had 104 major life-threatening complica-
tions, including: one cardiac arrest, 33 tachyarrythmias, 
6 myocardial infractions, 10 cases of congestive heart 
failure/pulmonary edema, 14 cases of acute renal failure, 
and 1 death (.06%) during the initial hospital stay. Most of 
the minor complications were anemia, but they did have 50 
urinary tract infections, 20 mental status changes (which all 
resolved), 4 pneumonia, and 5 cases of C. difficile infection. 
They found that increased age, high BMI (>30.5), and preex-
isting medical comorbidities were all risk factors for compli-
cations. However, they note that 58% of the patients who 
developed a complication had no predisposing risk factors. 
Further, greater than 90% of the complications occurred in 
the first 4 postoperative days. These last two points lead to 
the conclusion that all patients need careful postoperative 
monitoring and that early discharge (i.e., prior to postopera-
tive day 4) may lead to greater overall morbidity and 
mortality [95]. In 2008, Parvizi conducted a more detailed 
study of C. difficile infection, finding a 0.16% incidence in 
9,880 TJA, with increased risk associated with increased 
ASA score, receiving more than one postoperative antibi-
otic, and a prolonged hospital stay [96]. A study of over 
10,000 patients who underwent TJA from the Mayo Clinic 
found similar results with the incidence of myocardial infarc-
tion 0.4%, PE 0.7%, VTE 1.5%, and death 0.5%. They also 
found a correlation with increasing age [97]. This is not to 
say that increasing age should be considered a contraindica-
tion to TJA, but rather to assure that appropriate preoperative 
evaluation is obtained and that any postoperative problems 
are treated aggressively with early involvement of the medi-
cal team. Two recent studies of TJA in patients in the 9th and 
10th decades of life did find an increased risk of complica-
tions as compared to younger patients but had an overall low 
event rate with significant improvements in pain score and 
overall outcomes. The authors of both studies concluded that 
with careful patient selection, total joint arthroplasty could 
be an excellent option for elderly patients [98,99].

Complications related to the prostheses include aseptic 
loosening, periprosthetic fracture, and infection. Any patient 
with a TKA or THA who presents with pain following sur-
gery must have all of these possibilities considered. Based on 
the history and physical examination, the physician should 
be able to narrow down these possibilities. If the patient did 
not have a fall or acute injury, then fracture is unlikely, and 
usually can be ruled out with routine radiographs. Patients 
with aseptic loosening may report start-up pain that is worse 
during the first few steps and then decreases. The pain is 
typically located about the groin, thigh, or knee. Radiographs 
assist in the evaluation by the detection of radiolucencies 
around the prosthesis. Whenever there is a concern of 
loosening, an infection must be ruled out, as the treatment 
protocols are quite different.
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Infection should be considered if a patient reports a dull 
pain that has been persistent since the time of surgery. A his-
tory of fevers, chills, warmth or erythema of the operative 
site provoke obvious concern, as does a recent history of ill-
ness or surgical procedure in a potentially contaminated area, 
such as oral, vaginal, or lower GI procedures.

There is a risk of seeding a prosthetic joint after any surgi-
cal procedure, but as the risk is increased following dental 
procedures, a protocol has been developed. The recommen-
dation of the American Dental Association and the American 
Academy of Orthopaedic Surgeons is that for the first 2 years 
after joint arthroplasty, all patients undergoing high-risk den-
tal procedures (i.e., tooth extractions, implantations, root 
canals, etc.) should receive prophylactic antibiotics. After 2 
years, patients who have had previous infection of the artifi-
cial joint, inflammatory arthritis, type-1 diabetes mellitus, 
hemophilia, immunosuppression, history of prior or present 
malignancy, dental extractions, periodontal procedures, den-
tal implantation, root canal work, cleaning if bleeding is 
anticipated, certain specialized local anesthetic injections, or 
placement of orthodontic bands should still receive prophy-
laxis. The standard is 2 g of oral amoxicillin 1–2 h before the 
procedure or 600 mg clindamycin for those with a penicillin 
allergy [100]. There have been several studies of infected 
TJA in association with dental procedures [101,102]; how-
ever, a recent literature review has found little scientific data 
to support the need for routine prophylaxis [103]. We feel 
that prophylaxis should be continued at this time due to the 
morbidity and cost associated with a total joint infection.

Concern of infection should initially be evaluated with 
routine labs, including a CBC with differential, an erythro-
cyte sedimentation rate (ESR), and a C-reactive protein 
(CRP). These are used as markers for infection as CRP 
should return to normal, after transient postoperative eleva-
tion, in 2–3 weeks, and ESR by 1–2 months. The normal 
values for these markers depend on normalized values that 
vary by hospital but are ESR < 30 mm/h and CRP < 10 mg/dl 
at our institution. If the values are somewhat elevated, but 
not definitive, it is often prudent to aspirate the suspected 
joint, prior to undergoing an extensive surgical procedure. 
A recent study of patients undergoing revision THA found 
that an elevated ESR (>30) and CRP (>10) with a hip aspira-
tion cell count >3,000 had the highest combined sensitivity, 
specificity, positive and negative predictive values, and accu-
racy for an infection [104]. This coincided with a recent 
study by Della Valle, in which a level of >3,000 white blood 
cells/ml in aspirated fluid from a TKA was most predictive 
of infection [105].

Information can also be gathered from a Technitium-99 
3-phase bone scan, followed by an indium-111/sulfur colloid 
scan as indicated. Technitium-99 scans are sensitive, but not 
specific for infection. The addition of indium-111 and sulfur 
colloid scans greatly increase specificity to 97% [106]. 

A study evaluating the effectiveness of Indium-111-labeled 
WBC scans alone found that the sensitivity and specificity 
alone decreased, but they had a 95% negative predictive 
value, such that a negative scan is highly predictive of a joint 
not being infected [107].

If an infection is confirmed or strongly suspected, surgery 
is indicated. The most common organisms involved are 
S. aureus and S. epidermidis. The type of surgery performed 
depends on the acuteness of the infection. Infections have 
been classified by Coventry as acute (<6 weeks), subacute 
(6–24 months), and chronic-hematogenous (>2 years). 
Currently, many consider an acute infection being <4 weeks 
from index event or surgery. The time frame for an acute 
infection is from the index surgery or from a postoperative 
procedure that likely seeded the joint. In an acute infection, 
good results have been obtained with extensive irrigation and 
debridement of the joint, with exchange of the polyethylene 
liners in the hip or knee. This is possible, as the bacteria usu-
ally cannot form a protective glycocalyx (which shields the 
bacteria from the immune system on the implant) by this 
point, allowing the infection to be eradicated from the metal 
and bone. The debridement is followed by 6 weeks of intra-
venous antibiotics, based on the results of intraoperative cul-
tures and recommendations of an infectious disease specialist. 
Success rates of 71% have been obtained for THA when per-
formed within 4 weeks of the onset of symptoms [108]. For 
TKA, success rates have varied, with some studies having 
80% success, but several studies show only a 30% success 
rate. Importantly, failure of this procedure has been signifi-
cantly associated with a S. aureus infection. A study by 
Deirmengian of acute TKA infections showed a success rate 
of only 8% for knees infected with S. aureus, while 56% of 
all other infections were treated successfully [109].

In more long-standing infections, it is necessary to per-
form a two-stage revision with removal of the entire prosthe-
sis, followed by the placement of an antibiotic cement spacer. 
The diagnosis is confirmed intraoperatively by frozen sec-
tion (>10 PMNs per high power field is positive) and intraop-
erative cultures [110,111]. The spacer remains in place for at 
least 3 months while the patient receives intravenous antibi-
otics. The levels of ESR and CRP will be monitored to assess 
response to the treatment. At the 3-month point, once antibi-
otics have been discontinued for approximately 6 weeks, and 
the ESR and CRP have normalized, the patient returns to the 
OR for the second stage of the procedure. This includes 
removal of the antibiotic spacer, extensive irrigation and deb-
ridement, and the evaluation of intraoperative frozen sec-
tions, gram stains, and cultures. If the frozen section is 
negative for infection (less than 10 PMNs per high power 
field), then a new prosthesis can be placed [112,113].

The type of prosthesis used is based on the remaining 
bone stock and ligamentous stability. In a revision THA, it 
may be necessary to use long-stemmed, modular femoral 
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components so that distal fixation is obtained; or metallic 
augments for the acetabulum. In the knee, stemmed tibial 
and femoral components are often needed for adequate fixa-
tion with metal augments for areas of bone loss. The overall 
complication rates are higher than after a primary replace-
ment, but two-stage revisions for infection have success rates 
of 85–90% for THA [108,114] and 90% for TKA [115].

The revision components used for a noninfected revision 
are similar, with good results obtained, but with an increased 
risk of postoperative complications and infections when 
compared with primary procedures. Excellent outcomes 
have been obtained in the elderly as demonstrated by Parvizi 
et  al. who showed significant functional improvement fol-
lowing revision THA performed in octogenarians with no 
increase in medical comorbidities as compared to a younger 
cohort [116]. For revision of TKA, successful outcomes have 
been obtained in 74–88% of patients [117–119].

Another significant complication is fracture. Periprosthetic 
fractures occur at a rate of approximately 2.3% for THA and 
2% for TKA over the long term, with a slightly higher 
increased risk of fracture in the elderly [120,121]. Fractures 
around a THA are commonly described by the Vancouver 
classification, with the type of fracture guiding treatment. 
They are classified as A, B, or C as follows: Type A are prox-
imal fractures of the trochanters, B are at the level of the 
stem, and C are below the tip of the prosthesis. Type A frac-
tures can often be treated nonoperatively with modified 
weight bearing, type B fractures by a plate with cables and 
screws if the stem is well fixed or with conversion to a 

long-stemmed prosthesis, and type C fractures by a plate 
with cables and screws [122,123].

The treatment of fractures around a TKA also depends 
on the location of the fracture. One classification describes 
fractures proximal to the femoral component, to the level of 
the component, or to within the area of the component [124]. 
A determining factor in treatment is whether the prosthesis 
is loose or well fixed which determines if it will be retained 
or removed. If the fracture is quite distal, the standard of 
care is open reduction with internal fixation (ORIF) using a 
plate and screw construct. If it is more proximal, there is 
some debate whether a plate or a retrograde intramedullary 
nail is better suited with good outcomes shown with both 
fixation constructs [125,126]. Fractures involving the 
acetabular component of a THA or the tibial component of 
a TKA are less common, as they tend to require a higher 
level of energy such as from a motor-vehicle accident or fall 
from height.

An interesting recent development is the use of THA for 
the treatment of femoral neck fractures in the elderly. These 
were traditionally treated with a hemiarthroplasty or internal 
fixation using screws, unless a patient reported significant 
hip pain prior to the fracture, which suggested preexisting 
degenerative joint disease in which case a THA was pre-
ferred. However, several recent studies comparing hemiar-
throplasty or ORIF to total hip arthroplasty in the active 
elderly patient have shown superior results in patients under-
going THA with respect to functional outcomes, relief of 
pain, and need for further surgery [127–130].

Case Study

The patient is 70-year-old male who presented for 
evaluation of left-hip pain. He reports a history of left fem-
oral neck fracture 3 months prior to presentation, which 
was treated by internal fixation with three screws. Since 
the surgery, he has been ambulating with a walker, weight 
bearing as tolerated, but with significant pain in the groin 
and laterally about the hip. He denies any low back pain or 
neurological symptoms. His medical history is significant 
for hypertension, for which he is treated with Dyazide.

Physical examination revealed a healthy-appearing 
older man, in no acute distress. Evaluation of the left 
lower extremity showed a healed incision about the lat-
eral aspect of the left hip. There was tenderness to palpa-
tion over this region and pain with hip ROM. ROM was 

flexion to 90°, internal rotation to 0°, external rotation to 
10°, and abduction to 10°. Quadriceps and hamstring 
strength were 4/5, limited by pain. Distal neurovascular 
function was intact. There was a limb length discrepancy 
of 1 cm with the left shorter than the right. Straight leg 
raise testing was negative bilaterally. He ambulated with 
an antalgic gait and obvious pain about the left hip.

Radiographs revealed a vertically oriented left femo-
ral neck fracture, which was treated with three cannu-
lated screws. There was limited evidence of healing of 
the fracture with overall shortening, varus alignment, 
and backing out of the screws (Figs.  95.9 and 95.10). 
These findings suggested loss of fracture alignment and 
delayed healing. Based on these findings and the clinical 
exam, he was indicated for a removal of hardware from 
the left hip and conversion to left THA.

(continued)



131195  Treatment of Degenerative Joint Diseases

After appropriate medical clearance, the patient 
underwent removal of the screws and conversion to a 
noncemented left THA with a metal head and 
polyethylene liner via a posterior approach, without 

complications (Fig. 95.11). He did well postoperatively 
and was placed on Arixtra and SCDs for DVT prophy-
laxis. He started physical therapy on postoperative day 1 
and ambulated weight bearing as tolerated with a walker. 
He was discharged to home on POD 5 with home physi-
cal therapy.

At the 6-week follow-up visit, he was doing very 
well, ambulating with part-time use of a single cane and 
often without assistive devices. He was participating in 
an outpatient physical therapy program walking on a 
treadmill. The incision was well healed, and limb 
lengths were clinically equal. Hip ROM was flexion to 
90°, internal rotation to 10°, external rotation to 20°, 
and abduction to 30°. He was able to straight leg-raise 
without discomfort, and distal neurovascular function 
was intact. Radiographs showed the components to be 
in good position without signs of changes at the bone–
prosthesis interface.

He continued to progress well and at 1-year follow-up 
was ambulating without assistive devices and was pain-
free. Radiographs showed good alignment of the implant 
without complication (Figs. 95.12 and 95.13).

Figure  95.9  AP pelvis radiograph of a 70-year-old man which 
shows a vertically oriented left femoral neck fracture, which was 
treated with cannulated screws. There is limited evidence of heal-
ing of the fracture with overall shortening, varus alignment, and 
backing out of the screws.

Figure 95.10  Cross-table lateral radiograph of the left hip, showing 
a left femoral neck fracture after fixation with cannulated screws.

Figure 95.11  Postoperative AP pelvis radiograph, showing a non-
cemented left total hip arthroplasty, with two screws in the 
acetabular component for additional fixation.

Case Study  (continued)

(continued)
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Conclusions

As the elderly population continues to grow and stay active, 
the demand for total knee and total hip arthroplasty will grow 
along with it. Projections indicate that by 2030, these num-
bers are expected to grow to the staggering figures of 3.48 
million TKAs and 572,000 THAs annually [2]. Modern sur-
gical techniques and a multidisciplinary approach with close 
involvement of medical specialists will enable excellent out-
comes in over 90% of patients. Orthopedic surgeons will 
continue to refine surgical techniques and implant design, 
while minimizing complications and carefully evaluating 
patient outcomes, to ensure that the success of TKA and 
THA is maintained and improved upon in the future.
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When asked to comment on organ transplantation in senior 
citizens, I reflected on the evolution of this restorative ther-
apy over the past four decades, during which I have been a 
student of the subject while actively performing kidney 
transplants.

End-stage failure of vital organs inevitably results in death 
unless function is replaced either by artificial means, as in 
the case of the kidney with dialysis therapy, or when a trans-
plant is accomplished and the graft works (liver, heart, and 
lung). In the latter case, the quality of life is markedly 
improved and longevity may be nearly doubled with a suc-
cessful kidney transplant. Justifiably then, if an organ is 
available and the patient is judged to have enough physio-
logic reserve to be able to withstand the vicissitudes of anes-
thesia, surgery, and the immunosuppressive regimen, 
transplantation remains the best therapy.

Drawing on the steady advances in anesthesia and surgi-
cal technique (especially vascular) during the first half of the 
twentieth century, Joseph Murray and colleagues launched a 
new era by successfully performing the first kidney trans-
plant between identical twins in 1954. This revolutionary 
life-preserving new therapy had to be applied cautiously. 
First, it was imperative to ascertain that no long-term harm 
was done to the donor, whose rights had to be vigorously 
protected. Our obligation to protect the donor’s interests had 
to be clearly enunciated. Second, the recipients needed to be 
observed for quite some time to determine any unforeseen 
complications and the durability of this treatment. Initially, 
only end-stage renal disease patients between the ages of 15 
and 45 years with no significant involvement of any other 
organ system were offered kidney transplantation. During 
the sixties and seventies, broadening acceptance of the 
determination of death by neurologic criteria offered 
increased opportunities for recovery of organs from “heart-
beating” cadavers. Extending transplantation horizons, Starzl 

successfully transplanted liver in 1963, and in 1967, Barnard 
transplanted a heart.

Incomplete understanding of the pathogenic mechanisms 
of immunologic allograft rejection, and our limited ability to 
halt and reverse this process continued to be the major con-
cern into the eighties. Infections and malignancies as com-
plications of immunosuppression took a heavy toll. With the 
discovery of cyclosporine, a calcineurin inhibitor and some-
what more specific immunosuppressive drugs, transplant 
outcomes started to improve. The introduction of other 
agents into our immunosuppressive armamentarium, and the 
evolution of more efficacious and safer combination regi-
mens extended the spectrum of candidates for organ replace-
ment at both ends, i.e., from infancy to the elderly (seventies 
and eighties). Age by itself, as a consideration of candidacy 
for organ transplantation, is no longer an overwhelming con-
cern. Needless to say, age-associated maladies, like coronary 
and carotid artery disease, malignancy, general nutritional 
status and viability of the patient must be properly assessed. 
Results of kidney transplantation in the elderly (³65 years) 
are now comparable to those of younger adults.

There still remains a societal concern. With little increase 
in the numbers of deceased-donor organs recovered over the 
past many years, paired with an ever-increasing demand, 
society, not the doctors, must decide how these precious 
resources are to be utilized. Allocating the organs in a man-
ner that employs the best mix of justice (equality to all the 
patients waiting) and utility (getting the most value) contin-
ues to challenge the minds and hearts of all concerned. 
Family members of deceased donors, potential recipients and 
their families and friends, transplant doctors, other health-
care workers, scientists and researchers, lawyers and judges, 
politicians and public officials, social scientists, philosophers 
and ethicists all grapple with the task of developing the best 
schema. When the name of a criminal on death row pops up 
for heart transplantation, no amount of rational debate can 
overcome the strong emotions aroused. Elderly patients often 
garner a similar, though usually not as visceral, response.

Eurotransplant, an organization of six European countries 
(covering a population of 118 million) collaborating in 
recovery and allocation of deceased donor organs, as well as 
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transplant research, developed a Eurotransplant Seniors 
Program (ESP) about 10 years ago. They rapidly allocate a 
kidney recovered from a ³65-year-old donor to a ³65-year-
old recipient who is not sensitized and is ready to receive a 
first transplant. Cold ischemia time is thus cut short, result-
ing in decreased incidence of delayed graft function, and sur-
vival results comparable to those of adults <65 years of age. 
Equally important, this program significantly contributes to 
better utilization of deceased donor kidneys; Eurotransplant 
has a discard rate of one in twenty (1/20), compared to that 
of the US of one in seven (1/7). This seems a step in the right 
direction.

There are some rudimentary efforts to predict the “additional 
quality-adjusted life years” gained by an organ transplant 
and the projected cost per year. This imperfect and imprecise 
future casting is an attempt to maximize the utilitarian aspect 
of organ allocation. While the dilemma of resource alloca-
tion awaits resolution, perhaps success in in vitro generation 
of organs from autologous stem cells or developments allow-
ing clinical application of xenotransplantation from animals 
used for food will emerge. In the meantime, we can surely 
take the position today that denying seniors this vital therapy 
on the basis of age alone is ethically and morally reprehen-
sible, and may be illegal.



1321R.A. Rosenthal et al. (eds.), Principles and Practice of Geriatric Surgery,
DOI 10.1007/978-1-4419-6999-6_97, © Springer Science+Business Media, LLC 2011

Introduction

At the time of the writing of this chapter the number of 
candidates on the waiting list, as designated by the United 
Network for Organ Sharing (UNOS), totals just over 
100,000 [1]. A closer look at yearly tabulations of patients 
transplanted and patients newly listed shows that for about 
every two patients added to the transplant list, one patient is 
actually transplanted. Because the waiting list continues to 
grow, there has been increased interest in the use of expanded 
criteria donors (ECD). While there are many different ways 
to define the ECD, one universal attribute of ECD that makes 
it germane to the topic of this textbook is increased donor 
age. The aims of this chapter are to (1) examine the elderly 
donor evaluation and screening process in this patient popu-
lation; (2) discuss the predonation management of these 
older patients as well as the donor procedure and technical 
complications that may be encountered in the procurement 
operation, and (3) discuss the allocation process and examine 
the results and outcomes in the use of these elderly organs.

How Old Is Old?

The definitions of the ECD are based on the premise of 
increased risk of poorer outcomes in the usage of these 
organs when compared with the ideal or standard criteria 
donor (SCD). One aspect that is constant in all organ types is 
increased donor age; assuming that geriatric organs would 
portend to a higher risk of worsened recipient outcomes. 
Organ specific and nonspecific risk factors that determine 
allograft outcomes are shown in Table 97.1.

In kidney transplantation, the ECD is defined as a donor 
greater than 60 years of age or donor greater than 50 years of 

age with two of the three following attributes: donor with 
terminal creatinine greater than 1.5  mg/dL; donor whose 
death resulted from a cerebrovascular accident; and donor 
with history of hypertension [2–4]. In general, despite an 
increase in delayed graft function (DGF), long-term graft 
function of the older allograft and patient survival are accept-
able when compared to SCDs, and mortality decreased when 
compared to those on the waiting list, thereby justifying the 
use of such organs [5].

In a recent consensus meeting on liver transplantation, the 
ideal donor was defined according to the following criteria: 
trauma as the cause of death, donation after brain death, age 
below 40 years, hemodynamic stability at the time of procure-
ment, no steatosis or any other underlying chronic liver lesion, 
and no transmissible disease [6, 7]. Certainly the elderly liver 
donor would has a significant impact on allograft function as 
advanced age have been attributed to a liver with impaired 
regenerative capacity and an increased severity of hepatitis C 
virus (HCV) recurrence. Despite documented increased donor 
risk as related to age, there is no absolute limit to donor age 
for liver transplantation, and indeed, successful transplanta-
tion has occurred even with octogenarian donor organs [8].

There are no clearly defined criteria for ECD for pancreas 
transplantation. In general only, 20–25% of pancreata is pro-
cured from donors due to the strict criteria defining the 
acceptable pancreatic donor. This, in part, is due to the high 
rate of complications associated with pancreatic transplant, 
which has led to the use of mostly pristine organs. In one 
series of simultaneous pancreas–kidney transplants, ECD 
was defined as donors <10 and ³40 years or donor after 
cardiac death (DCD) status. However, outcome studies 
demonstrate similar graft survival when compared with a 
cohort of SCD [9].

In lung transplantation, many programs consider a donor 
who fulfill any of the following criteria as an ECD: age 55 
years or older, donor smoking history 20 pack-years or more, 
purulent secretions or inflammation at bronchoscopy, evidence 
of significant chest trauma, a pulmonary infiltrate on chest 
radiograph, duration of ventilation longer than 5 days, and 
PaO

2
/FiO

2
 ratio less than 300  mmHg just before donor 

pneumonectomy [10]. Recipients of these organs had an 
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increased mortality rate; however, the transplanted lungs 
exhibited adequate posttransplant function. Interestingly, a 
recent series of transplants with donors aged 50 and older 
found no difference in survival and functional reserve between 
the ECD recipients and a cohort of SCD recipients [11]. In 
addition, a subanalysis of those donors over 50 showed no dif-
ference in 1-year survival. It is concluded that the true cutoff 
for a potential lung donor is yet to be vigorously studied, and 
it may be at a different borderline than that currently defined.

Once, the upper limit of donor age for transplantation of 
the heart was 35 years of age; nowadays, it is common for 
cardiac donors to be greater than 50 years of age. Nevertheless, 
the current definition of ECD for heart donors includes 
donors older than 55, as well as other variables such as pro-
longed ischemia times (>5 h), HCV infection, alcohol abuse, 
cocaine abuse, atraumatic intracranial hemorrhage, under- 
and oversizing, and preexisting coronary artery disease 
(CAD) [12]. Despite data indicating increased initial post-
transplant mortality risk, a review of the UNOS registry 
shows that mortality of patients on the waiting list is higher.

As organs continue to remain a scarce resource for trans-
plantation, it is predictable that the utilization of organs of 
older donors will continue to increase. Despite what some 
deem as the inferior outcomes of extended criteria transplan-
tation, the unacceptable sequelae of end-stage disease will 
compel continuous redefinition of the extended criteria.

Determination of Brain Death

As with most cadaveric donors, the evaluation of the geriat-
ric donor begins with the declaration of brain death. A review 
of the Scientific Registry of Transplant Recipients (SRTR) 

data shows that most brain deaths occur secondary to stroke, 
with the second most prevalent diagnosis occurring with 
trauma (41.9 and 38.1%, respectively) [13]. When a brain-
injured patient presents with coma and evidence of irrevers-
ible structural brain injury, the screening process for organ 
donation is begun. In general, the physician or medical team 
taking care of this individual is responsible for notifying the 
area organ procurement organization (OPO) to start the pro-
cess. Once the process is initiated, the OPO will dispatch 
field coordinators who are then responsible for facilitating 
declaration of brain death, family counseling, and consent 
for donation, as well as completing the screening process 
with review of medical and social histories, and the comple-
tion of laboratory and serologic tests. Once all information is 
acquired, communication with the transplant center and 
transplant center physician will lead to an appropriately 
matched recipient with arrangements made for eventual 
procurement of the organs.

The declaration of brain death is mandatory prior to pro-
ceeding with evaluation for procurement. The current brain 
death criteria in the USA is outlined in a set of guidelines 
published in 1981 entitled the President’s Commission for 
the Study of Ethical Problems and adopted under the Uniform 
Determination of Death Act. This act states that death has 
occurred once there is irreversible cessation of brain func-
tion including the brainstem. Each state government has 
adopted these guidelines in legislating local criteria for 
determining brain death. Usually there are variations in the 
necessity and type of confirmative testing required, how 
many examinations are required to determine brain death, 
and how many physicians are required to make that determi-
nation. Most hospitals will then establish their own proto-
cols for determining brain death for potential donors under 
their care.

Table 97.1  Proposed donor variables for extended criteria donors

Donor variables Kidneya Liverb Lungb Heartb

Age (years) ³ 60 or >50 N/A ³ 55 > 55
Cause of death CVA N/A N/A CVA
Cold ischemia time N/A >12 h N/A > 5 h

Past medical history •	 Hypertension
•	 Cr > 1.5 mg/dL

Hepatitis C ³ 20 pack/year smoking 
history

•	 Hepatitis C
•	 CAD
•	 Cocaine abuse
•	 Alcoholism

Graft N/A •	 Macrovesicular 
steatosis > 30%

•	 Vasopressor at time  
of procurement

•	 Ventilation > 5 days
•	 PaO

2
/FiO

2
 < 300 mmHg

•	 Pulmonary infiltrate on 
CXR

•	 Purulent secretions

•	 Under sizing (<30% mismatch) 
in recipients with PHT

•	 Over sizing (>30% mismatch) in 
recipients with LVADs for acute 
MI or multiple reoperations

N/A non applicable; CVA cerebrovascular accident; Cr creatinine; CAD coronary artery disease; CXR chest X-ray; PHT pulmonary hypertension; 
LVADs left ventricular automated devices; MI myocardial infarction
a³ 60 or > 50 and at least two other variables
bAt least one variable present
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Symptoms that support the diagnosis of brain death 
include the absence of brainstem reflexes, cortical activity, 
and demonstration of irreversibility of the injury. All revers-
ible causes of a coma must then be ruled out, including hypo-
thermia, hypoxia, hypoglycemia, hyperglycemia, uremia, 
hepatic failure, Reye’s syndrome, hyponatremia, hypercalce-
mia, myxedema, adrenal failure, and CNS depressants. When 
reversible causes are ruled out and symptoms of brain death 
exist, then brain death is initially confirmed with apnea test-
ing. The patient should be warm, maintaining a blood pres-
sure greater than 90 mmHg, preoxygenated with 100% FiO

2
 

for 10 min, and eucapnia must be confirmed with initial pre-
test blood gas. The test is commenced by disconnecting the 
patient from the ventilator. During this time, high-flow oxy-
gen is delivered into the trachea via catheter at the level of 
the carina. The patient is monitored for respiratory activity; 
if any is present, the patient is immediately reconnected to 
the ventilator. A standard waiting time of 8 min is instituted 
if the patient remains apneic and hemodynamically stable. 
If a repeat blood gas yields a PaCO

2
 of 60 mmHg or greater 

then brain death is declared. The test can be repeated with 
10-min duration if 60 mmHg is not attained. Confirmatory 
tests include the EEG, and tests that confirm lack of cerebral 
blood flow (cerebral angiography, duplex ultrasound, radio-
nuclide cerebral blood flow scanning).

Donor Management

The physiology of brain death has been delineated over the 
years by animal models and observations in human case 
series. Brain death proceeds as ischemia in a rostral-caudal 
fashion. This progression causes initially an increased vagal 
activation followed by the Cushing reflex due to a mixed 
vagal/sympathetic stimulation. Continued progression of 
ischemia down the brainstem produces an autonomic surge 
causing extreme elevation of heart rate and blood pressure, 
followed by sympathetic deactivation as the spinal cord is 
eventually affected. In general, this results in a hemodynami-
cally unstable patient. The initial goal of donor management, 
therefore, is an assessment and maintenance of hemody-
namic stability. This is achieved via echocardiography and 
resuscitation via crystalloid, colloid, and blood product infu-
sions. Vasoactive support could be added via use of dop-
amine and dobutamine infusions. Finally, hormone 
replacement therapy (i.e., thyroxine, methylprednisolone, 
insulin, and vasopressin) may be instituted in a donor with 
persistent hemodynamic lability. The goal is maintenance of 
blood pressure above 100 mmHg, CVP around 10 mmHg, 
and urine output above 40  mL/h. There may be benefit in 
maintaining urine outputs greater than 100 mL/h, however 
detriment in outputs greater than 300 mL/h. When donors 

develop diabetes insipidus, hypotonic replacement to keep 
up with hypotonic urine loss becomes necessary combined 
with desmopressin. When urine output drops below 40 mL/h 
the addition of diuretics and mannitol may be helpful in 
donor management.

Previous studies have shown shortened time to graft fail-
ure in donors with terminal serum creatinine levels greater 
than 1.5 mg/dL. In a separate analysis of donor factors that 
predispose to decreased graft survival, it has been reported 
that the goal in donor management of keeping serum creati-
nine levels under 2 mL/dL seems to exert favorable effect on 
graft function in recipients [14]. The likelihood of impaired 
renal function in the older donor mandates donor manage-
ment that is aimed to optimize serum creatinine levels.

Much consideration has been given to renal biopsy and 
correlation with function and level of glomerulosclerosis 
(GS). However, there have been mixed results, and no con-
sistent correlation has been observed between increased GS 
and graft survival and function. In general, worse outcomes 
were demonstrated with GS greater than 20% [15]. In theory, 
the transfer of more nephron mass via transplanting two 
same donor ECD allografts may improve posttransplant 
glomerular filtration rate (GFR) [16]. Further improvements 
may be achieved by using pulsatile perfusion to improve 
ECD outcomes. Ex vivo perfusion of ECD kidneys did not 
show definite survival advantage; however, there are indica-
tions that pumped kidneys have increased final use of ECD 
kidneys as well as decreased DGF [17].

In the elderly donor, advanced age impairs regenerative 
capacity of the liver and therefore injury due to ischemia and 
subsequent recovery from injury could be exaggerated. 
Occasionally, a liver biopsy can be used to assess other vari-
ables that may increase the rate of primary nonfunction; the 
presence of steatosis > 30% is considered as extremely high-
risk, as is periportal fibrosis [18]. A short cold ischemia CIT 
(<6  h) is imperative in optimizing outcomes of ECD liver 
allograft. Consequently, acceptance of ECD liver should 
consider donor age and the ability to transplant the allograft 
within short time after procurement.

In the evaluation of cardiac donors, a consensus confer-
ence report on the maximization of use of organs from cadav-
eric donors recommended angiography for all donors aged 
greater than 55 years [19]. Donors with mild coronary artery 
disease (CAD) can be used for high-risk recipients. Some 
centers are performing backbench bypass grafting and valve 
repair with acceptable results of graft patency and function 
[20]. To reduce the ill effects of contrast nephrotoxicity, a 
left-sided ventriculography can be avoided if a quality 
echocardiogram was performed. One series reported suc-
cessful implementation of backbench coronary angiography 
to avoid exposing the kidneys to contrast [21].

Since all brain-dead donors are mechanically ventilated, 
special consideration must be taken in the management of 
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the lung donor. In consideration of the optimization of the 
lung donor, judicious fluid management with aggressive 
maintenance of euvolemia is key. High tidal volumes and use 
of PEEP are traditional management practices. Volutrauma 
is kept at a minimum by careful titration of PEEP as well as 
keeping peak pressures at less than 35 cmH

2
O and increasing 

minute ventilation [22]. In a recent series evaluating lungs 
from donors older than 50 years or older, lungs were assessed 
by bronchoscopy, lab work, and medical history. Aggressive 
pulmonary toilet was instigated, and those with difficult-to-
clear airways as well as evidence of physical lung injury 
were rejected for transplant. Selection of donors was also 
predicated on a PF ratio greater than 300 upon donor resus-
citation and optimization with ventilator adjustments and 
bronchoscopy. Optimization of the lung donors with these 
maneuvers resulted in the use of extended criteria lungs with 
acceptable posttransplant function [11].

The Procurement Procedure

In order to avoid potential complications, elderly donors 
should undergo a thorough evaluation, prior to the procure-
ment procedure (Table 97.2). The fate of recipient outcomes 
is greatly influenced by the procurement operation. Careful 
dissection and tissue handling are important, and usability of 
the graft depends on the viability of critical anatomic struc-
tures. This multifaceted procedure requires coordination 
between thoracic and abdominal procurement team, aiming 
at a speedy recovery of the organ, as factors such as warm 
and cold ischemia gravely affect transplant outcomes and 
ultimately influences the success of the recipient procedure.

The patient is prepped from chin to groin and laterally, 
table to table. It is our practice to drape about two to three 
inches on either side of our midline incision which is then 
carried out from sternal notch to pubis. In the elderly donor, 
one must be mindful of prior surgeries and the need of an 
extensive exploration to rule out the presence of malignan-
cies. Donor-related malignancies can be either due to direct 
transmission of tumor or due to tumor arising in cells of 
donor origin. Kauffman et al. analyzed UNOS data for donor-
related malignancies during 1994–2001 [23]. During this 
time, 108,062 patients underwent a solid transplant, and only 
a total of 21 donor-related malignancies in transplant recipi-
ents were reported [23]. The most frequently reported trans-
mission of non-CNS tumor after solid organ transplant has 
been renal cell carcinoma followed by melanoma and 
choriocarcinoma [24].

Removal of Thoracic Organs

Concomitant to the procurement operation by the intra-
abdominal team, the chest is opened via a median sterno-
tomy. The chest team then proceeds to expose the heart and 
examine the lungs. The heart is mobilized and superior vena 
cava (SVC) exposed. The pleura are opened by incising 
through the pleura behind the sternum. The pleural spaces 
are examined along with all lobes of the lung. The poster-
obasal bases are often atelectatic and should be reexpanded 
by bronchoscopy and vigorous hand bagging. The thoracic 
organs are then kept moist until completion of mobilization 
of the intra-abdominal organs. Once this is done, hepariniza-
tion is commenced and standard cardioplegia cannula is 
placed in the ascending aorta and a large-bore cannula is 
placed in the proximal pulmonary artery. The SVC is ligated 
and divided, and the lower trachea is encircled by a nylon 
tape. Hypotension is then induced via infusion of medica-
tions or exsanguination. The ascending and descending aorta 
are then clamped, and cardioplegia solution infusion is 
begun. At the same time, the pulmonary artery, abdominal 
aorta, and portal vein flush are begun as well. Ice slush or 
cold saline is then placed in the cardiac well and around all 
organs. Once cold perfusion has been achieved, the heart is 
elevated out of the pericardium, and the pulmonary veins are 
divided individually and the pulmonary artery is divided at 
the level of its bifurcation. The aorta is divided at the level of 
the innominate artery and the heart is removed and packaged. 
The pericardium is then incised vertically on both sides to 
expose the lung hilum. The inferior pulmonary ligaments are 
taken down. Dissection continues up the back of the trachea 
in an obvious plane immediately anterior to the esophagus. 
This is continued on the right side until the nylon tape is 
encountered. Dissection continues on the left at the level of 
the aortic arch until meeting up with the nylon tape. After the 

Table 97.2  Elderly donor considerations

Comorbidities

•	 Coronary artery disease
•	 Valvular disease
•	 Diabetes
•	 Peripheral vascular disease
•	 Renal dysfunction
•	 CMV positive
•	 Malignancy
  Melanoma
  Renal cell carcinoma
  Choriocarcinoma

•	 Prior surgeries

Technical difficulties

•	 Atherosclerosis
•	 Vascular stents
•	 VAD
•	 Radiotherapy
VAD ventricular assist device
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hilum is free the anesthetist is instructed to reinflate the lungs 
to approximately three quarters the total lung capacity. The 
trachea is then stapled after withdrawal of endotracheal tube. 
The lung block is then removed and packaged.

Procurement of Abdominal Organs

A midline laparotomy incision is made from the xyphoid to 
the pubis. The ligamentum teres is isolated and divided 
between clamps and ties, and the falciform ligament is taken 
down toward the suprahepatic inferior venous cava (IVC). 
The left lateral segment is freed from its lateral triangular 
ligament attachments and folded medially to divide the pars 
flaccida. It is lifted with forceps and a hole is made in it. 
Using gentle palpation, the rest of the ligament is palpated 
for a replaced left hepatic artery, taking care to preserve a 
replaced or accessory left hepatic artery.

The abdomen is retracted bilaterally providing ample 
exposure to the entire intra-abdominal cavity. A Cattell–
Braasch maneuver is then performed with kocherization of 
the duodenum to expose the infrahepatic IVC and the junc-
tions of the left and right renal veins. To secure perfusion of 
the abdominal organs, portal and aortic flush sites are iso-
lated and secured. The aorta just proximal to its bifurcation 
can be skeletonized quickly by spreading with the 
Metzenbaum scissors along each side taking care not to 
spread into lumbar branches, not to injure the inferior mes-
enteric artery (IMA), and to preserve take-off of lower pole 
renal arteries. In older donors, one must survey this region 
and find a suitable noncalcified area for proximal control. 
Once a suitable area of the aorta is designated, two umbilical 
tapes are passed underneath the aorta with the use of a long 
right-angle clamp. Access to the portal system is achieved by 
isolating the inferior mesenteric vein (IMV), which is skele-
tonized and prepared for the insertion of a flush cannula.

With the portal and aortic flush sites isolated and ready, 
the supraceliac aorta is isolated after dividing the crura of the 
diaphragm. Skeletonizing the aorta can be achieved by gentle 
spreads of surrounding tissue. The aorta is cross-clamped 
once preservation solution is infused via the portal and aortic 
cannulas. Dissection of hepatic vessels at the porta hepatis is 
limited, since injury may deem the organ to be inappropriate 
for transplant. The aims are to divide the common bile duct, 
to expose the portal vein, and identify the anatomy of the 
arterial blood supply. If the pancreas is being procured, 
the lesser sac is entered to evaluate the pancreas along its 
entire length. The pancreas is palpated to feel that it is soft, 
without induration and calcifications. The right and left gut-
ters are exposed; however, the kidneys are not dissected until 
after perfusion with preservation solution.

When the thoracic and abdominal teams are ready, can-
nulas are inserted into the IMV and aorta, the donor is 

heparinized, and the supraceliac aorta is clamped. The aortic 
cannulation can be difficult especially if the donor has had a 
graft, severe atherosclerotic disease, or a stent.

The right pericardium is opened so that the exsanguinated 
blood can flow into the chest cavity and evacuate. Ice slush is 
placed on the liver, behind the liver, on the pancreas, and 
over the kidneys. In general, the aortic flush is ran for three 
liters of chilled University of Wisconsin solution, and two 
liters usually suffice for the portal flush.

The hierarchy in the extraction of abdominal organs pro-
ceeds by removing individual organs, liver, pancreas, 
kidneys, or by block removal of all organs with dissection of 
individual organs on the backbench. The organs are removed 
taking care to pressure appropriate inflow and outflow ves-
sels, length of ureters and bile duct, and loop of duodenum 
when the pancreas is used for transplant. The iliac vessels are 
then procured along with nodes for tissue typing. The vessels 
may be used for arterial or venous reconstruction when 
needed. The abdomen is then closed with a running nylon 
suture with full thickness bites.

Procurement of Living Donors

The donor nephrectomy technique varies among different 
centers. Open surgical technique has been the traditional 
method for removing a kidney from a living donor; how-
ever, since the mid-1990s many centers have embarked on 
laparoscopic living donor nephrectomy. If an open approach 
is to be used, the donor is placed in the lateral position and 
a modified flank incision is made, just above or below the 
twelfth rib. Most surgeons avoid entering the pleural and 
peritoneal cavities. The kidney is carefully dissected to pre-
serve all renal arteries, renal veins, and the periureteral 
blood supply. During the procedure, mannitol and furo-
semide plus adequate crystalloid solutions are administered 
to the donor to ensure brisk diuresis. The kidney is removed 
once the renal vessels are securely ligated and divided. The 
excised kidney is then perfused with cold heparinized elec-
trolyte solution.

For a laparoscopic-assisted procedure, the patient is 
placed in the flank position and a pneumoperitoneum is 
established through a Veress needle. The instruments and the 
video camera are manipulated through four ports established 
through small incisions in the abdominal wall. The whole 
procedure is visualized on a video monitor. First, the colon is 
mobilized and reflected medially, which exposes Gerota’s 
fascia. Subsequently, the liver (for right-sided procedures) 
and spleen (for left-sided procedures) are retracted away 
from the upper pole of the kidney. The ureter and periureteral 
tissues are freed from the perinephric tissues. Next, the renal 
vein and artery are carefully dissected. The kidney is placed in 
a plastic bag and is removed through a Pfannenstiel incision. 



1326 M. Mendizabal et al.

Finally, the kidney is then flushed with heparinized solution 
as for open nephrectomy.

In general, elderly liver donors are not accepted. The 
upper age limit for living liver donation varies from center to 
center and is usually between 50 and 65 years. Since the inci-
dence of unknown medical diseases and postoperative 
morbimortality increases with age, acceptance of elderly 
donors must be exercised with caution.

Elderly Living Donors

Living donation is an ideal modality for transplantation and 
optimizes patient selection, ischemia times, and survival out-
comes. The desire to extend criteria for suitable organs 
extends into this population of donors as well. Central to this 
goal of optimizing availability of living donor organs is the 
juxtaposition of the notion of primum nocerum, in which the 
assurance of donor safety becomes a priority in the evalua-
tion process. This is then heightened as considers the use of 
older donors where aging physiology and more brittle gen-
eral health contribute to less margin of safety. A prerequisite 
for performing live donor transplantation is assessing an 
acceptable risk–benefit ratio for both donor and recipient. 
A detailed evaluation of a potential donor in order to mini-
mize the donor risks and assurance of a completely voluntary 
donation should be addressed.

Living donor renal transplant (LDRT) is a robust and 
prevalent modality in transplant. In the USA, the number of 
LDRTs has exceeded that of deceased donor kidney trans-
plants, while in Japan 80% of the kidney transplants are 
dependent on LDRT [25, 26]. Donor safety and lifetime risk 
was ascertained in a large, long-term study that included 
3,698 patients [27]. In this study, survival of kidney donors 
was similar to that of controls in the general population with 
end-stage renal disease (ESRD) developing in 11 patients, 
which is a rate of 180 per million persons per year. This is 
compared with a rate of 268 per million persons in the white 
population of the USA. In addition, a subanalysis of 255 
donors revealed better health-related quality of life than 
those in the general population. In a subsequent Japanese 
study, survival of LDRT is slightly better than the age- and 
gender-matched general population with the causes of donor 
death being similar to that of the general population [26]. 
The perioperative morbidity and mortality of living kidney 
donation is well documented by an US survey that included 
171 transplant centers [28]. This study looked at 10,828 liv-
ing donor nephrectomies: 52% were open, 21% hand-assisted 
laparoscopic, and 27% total laparoscopic procedures. Two 
donors died from surgery complications and one other 
remained in a vegetative stage. Reoperation was necessary in 
0.4% of open surgery patients, 1% in hand-assisted patients, 

and 0.9% in the totally laparoscopic patients. Bleeding and 
incisional hernia were the most common indications for 
reoperation in the laparoscopic group and in the open and 
hand-assisted group, respectively. Readmission rate was 
higher in the laparoscopic group (1.6%) than in the open 
nephrectomy group (0.6%), mostly because of gastrointesti-
nal complications. This data shows that living donor 
nephrectomy carries a low incidence of morbidity and mor-
tality in US transplant centers.

Among the options for decreasing time on the waiting list, 
elderly donors have emerged as a potential alternative. A sur-
vey performed among all US kidney transplant programs 
revealed that 21% of the programs excluded candidates over 
65 years old. Meanwhile, the percentage of programs with-
out a set upper age limit has now more than doubled to 59% 
when compared to a similar survey performed 12 years 
ago [29]. Furthermore, the number of LDRTs from donors 
>55 years has increased from 1,133 in 1996 to 1,491 in 2004 
[30]. This observational cohort study using data from OPTN/
UNOS compared the outcomes of LDRT in recipients older 
than 60 years receiving either kidney from old donors (>55 
years) or young donors (£55 years). Similar graft and patient 
survival rates were found after 4 years in both groups: 78 and 
82% in the old donor group and 81 and 84% in the young 
donor group, respectively. Thus, LDRT from the older donor 
appears to be a suitable option to decrease time on the wait-
ing list, especially in elderly recipients.

Living donor liver transplantation (LDLT) was first per-
formed in 1989 with transplantation of a left hepatic lobe of 
an adult into a child [31]. Ten years later, adult-to-adult 
LDLT was introduced attempting left-hepatic lobe transplan-
tation, but dismal results due to small-to-size graft syndrome 
discouraged this approach [32]. Consequently, the larger 
right-hepatic lobe grafts have replaced them in routine use at 
many centers. Recently, the Adult-to-Adult Living Donor 
Liver Transplantation Cohort Study (A2ALL) investigated 
the rate and severity of complications in right-lobe living 
donors [33]. A 38% complication rate was reported, with 
infection (12.5%), biliary leak (9.2%), and incisional hernias 
(6%) being the most common ones; overall mortality was 
0.8%. Certain donor characteristics were associated to sig-
nificant higher risk of postoperative complications. 
Intraoperative transfusion of more than 1 unit of blood and 
alkaline phosphatase ³86 IU/L were associated to increased 
risk of developing complications after LDLT. Patel et  al. 
reported an overall complication rate after left- and right-
lobe LDLT of 29% [34]. Interestingly, they described donors 
older than 50 years as a risk factor for major complications. 
Decreased capacity of regeneration in older donors has been 
hypothesized as possible explanation for this finding 
[35]. In other studies, diminished early graft regeneration 
from older donors was shown to affect graft survival as well 
[36, 37]. It is well established that donors can experience 
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severe psychiatric complications [38]. In an A2ALL retro-
spective study including 392 patients, one or multiple psy-
chiatric complications were presented in 4% of the patients 
including three severe psychiatric complications like suicide, 
accidental drug overdose, and suicide attempt. These tragic 
events may be prevented with careful psychiatric assessment 
and monitoring of liver donors. Presumably, quality of life 
should be affected after LDLT, but a recent meta-analysis 
evaluating adult LDLT outcomes reported that the donors 
rated higher on quality-of-life scales than the general popula-
tion and one study even reported some improvements in their 
psychosocial measures [39].

Organ Allocation Policies

UNOS is a private not-for-profit organization created in 1987 
that nucleates all transplant hospitals’ waiting lists and links 
all OPOs. In order to optimize the distribution and allocation 
of organs, different organ allocation systems were created to 
assure maximal utility, justice, and transparency of this 
scarce resource. The efficacy of any organ allocation system 
is measured by patient and graft survival rates and patient 
survival rates can be divided into survival on the waiting list 
and survival after transplantation.

Liver allocation is now based on the Model for End-Stage 
Liver Disease (MELD) that predicts 3-month mortality on 
the waiting list and benefit from transplantation. MELD is 
based on logarithmic transformation of the recipient’s biliru-
bin, creatinine, and international normalized ratio (INR) into 
a validated mathematical model. After 1 year of introducing 
the MELD score, a 3.5% reduction in waiting list mortality, 
a 12% reduction of new candidates to the liver transplant 
waiting list, and identical posttransplant survival were 
reported [40]. Despite the positive effect the MELD score 
had on organ allocation, there is still potential room for 
improvement such as incorporation of new parameters (i.e., 
sodium) and donor factors, which are now not taken into 
consideration.

The kidney allocation system has evolved over the past 20 
years. Currently, patients are ranked according to an alloca-
tion algorithm based on their waiting time, degree of HLA 
matching, pediatric candidates, and panel-reactive antibodies. 
However, the waiting time on the kidney transplant list con-
tinues to increase, largely due to the increase of the number 
of new registrants aged 50 years or older. Consequently, the 
criteria for accepting kidneys for transplantation were 
extended and organs from donors ³ 55 years of age are used 
with increasing frequency. An Italian group reported similar 
long-term graft survival in those recipients who received a 
kidney from donors older than 60 years when compared with 
donors £ 60 years [41]. In order to improve the distribution of 

the scarce resource of cadaveric kidneys the current alloca-
tion policy is being reviewed by UNOS Kidney Transplant 
Committee.

Since May 2005, the order of candidates on the waiting 
list for lung transplantation has been based on the Lung 
Allocation Score (LAS). LAS is defined as the transplant 
benefit measure minus the waiting list urgency measure, 
which are calculated using a statistical model and candidate’s 
clinical and physiological characteristics. The factors used in 
calculating each factor are described elsewhere [42]. LAS is 
represented by a continuous scale from 0 to 100, higher 
scores represent higher urgency and greater potential trans-
plant benefit. Since LAS was implemented, waiting time has 
decreased from 681 to 446 days (p < 0.001) [43] and the 
annual number of transplants has increased. However, 1-year 
survival after transplantation remained unchanged [43].

UNOS heart allocation policy prioritizes time on the wait-
ing list, the candidate medical urgency and, given that the 
duration of ischemic time is a limiting factor, distance 
between the donor hospital and the transplant center is also 
taken into consideration. In 2006, the heart allocation policy 
was modified prioritizing the sickest patients (status 1A and 
1B) over local status 2 patients. The outcomes of this new 
system were recently analyzed showing a decreased mortal-
ity of patients on the waiting list, from 469 deaths in 2005 to 
374 in 2007, while 1-year survival across the status groups 
remained unchanged [44]. Regardless of these promising 
results, there are still several groups of patients who may not 
benefit from this allocation system, especially those patients 
who are not listed as status 1A or 1B. Ongoing evaluation of 
the allocation policy and utilization of marginal donors hope-
fully will promote a more equitable distribution of organs.

The different allocation systems aforementioned dramati-
cally changed the way in which deceased organs are allo-
cated in the USA. However, donor organ shortage remains 
one of the foremost causes of death on the waiting list. As 
described earlier in this chapter, ECD arises as a viable 
option to increase the donor pool and, subsequently, dimin-
ish mortality on the waiting list.

One allocation scheme that deserves special mention 
is that of the Eurotransplant Senior Programme (ESP). 
Eurotransplant is an organ exchange organization in which 
transplant centers, donor hospitals, and tissue-typing centers 
in Austria, Belgium, Germany, Luxembourg, the Netherlands, 
and Slovenia collaborate. In 1999, it developed the ESP as an 
allocation scheme based solely on the concept of matching 
between metabolic demand of the graft recipient and excre-
tory capacity of the donor organ [45–47]. The aim of ESP is 
to match donors with recipients of the same age group (i.e., 
donors > 65 years to recipients > 65 years), with the goal of 
kidney grafts outliving the recipients. HLA matching is 
disregarded, kidneys are allocated to local transplant candi-
dates to decrease the CIT as much as possible, and only 
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nonimmunized (panel reactive antibodies <5%) first-transplant 
recipients are included [47]. Three years after collecting data, 
the ESP showed similar kidney graft survival rates between 
recipients of kidneys ESP donors and recipients of donor kid-
neys obtained through the usual standardized HLA-matched 
allocation schemes, 64% vs. 67%, respectively (p = 0.4). 
When graft loss was censored, survival rates were 70% for the 
ESP group and 71% for the SCD group. ESP data suggest that 
if care is taken to avoid the accumulation of such additional 
risk factors as extended CIT, retransplantation, and damage to 
the kidney during surgery, an allocation scheme using older 
kidney donors for transplantation into older recipients can be 
operated successfully.

Is the Older Recipient the Appropriate 
Candidate for ECD Organs?

Traditionally, worse results with an ECD kidney than a non-
ECD kidney were reported (Tables 97.3 and 97.4); however, 
older patients may particularly benefit from ECD kidney 
transplantation because they have a higher death rate while 
waiting for an SCD kidney, and longer time on dialysis ther-
apy is more detrimental for older than younger patients. 
Ojo et al. [5] showed that the average increase in life expec-
tancy for recipients of “marginal” kidneys (defined as one of 
the following variables: donor age > 55 years, nonheart beat-
ing donor, CIT > 36 h, and donor hypertension or diabetes) 
compared favorably with the waiting list dialysis cohort that 
did not undergo transplantation was 5 years [5]. To deter-

mine whether accepting an ECD kidney is the right choice 
for an individual recipient, the critical issue is how much lon-
ger the patient would have to wait before the poorer out-
comes and increased costs of waiting on dialysis therapy 
would outweigh the benefits of receiving an SCD kidney 
[48]. Interestingly, Merion et al. compared the relative risk of 
mortality for ECD kidney recipients versus those receiving 
standard therapy [49]. Because of the increased ECD recipi-
ent mortality in the perioperative period, cumulative survival 
did not equal that of standard dialysis therapy patients until 
3.5 years of kidney transplantation. Consequently, recipient 
survival longer than 3.5 years justifies ECD kidney 
transplantation. The subgroups with significant ECD sur-
vival benefit included both sexes, patients > 40 years, non-
Hispanics, unsensitized patients, and those with diabetes or 
hypertension. Importantly, survival benefits are demonstrated 
in centers with long median waiting times, where ECD 
recipients had a 27% lower risk of death when compared to 
staying on dialysis (p < 0.001) [49].

Despite the necessary use of older donors, these organs 
have an increased risk of failure [50, 51]. Kidney allografts 
from older patients not only present with histologic changes 
and decline in renal function associated with age but, they 
are also more susceptible to drug toxicity, ischemia, and 
reduced capacity for repair. Kauffman et  al. [50] analyzed 
early mortality rates in older recipients with and without 
comorbid conditions (history of CAD, cerebrovascular 
disease, peripheral vascular disease, chronic obstructive pul-
monary disease, and previous malignancy). They noted that 
patients 60 years or older who received an ECD kidney trans-
plant presented a higher 1-year mortality rate than an SCD 
kidney transplant, 14% vs. 9%, respectively. When analyzing 
those patients aged 60 years or older with comorbidities, 
transplantation with an ECD kidney presented a greater 
1-year mortality than patients with the same comorbidities 
who remained on the waiting list. It was concluded that only 
patients aged ³60 and without comorbidities will benefit 
from an ECD kidney over remaining on the waiting list; thus, 
utility may be poorly served by allocating ECD kidneys to 
older patients with comorbidities [50]. This approach is 
not universally accepted; Rao et al. [52] reported that trans-
plant recipients older than 70 years, including those with 
diabetes and hypertension, benefit from ECD kidney trans-
plantation, with lower mortality compared with waiting list 
patients on dialysis.

Identifying the most appropriate candidates for ECD 
kidneys remains an open question. It is critical to balance the 
survival benefit against the reduced graft survival associated 
with ECD. It has been suggested that ECD kidneys should be 
preferentially directed toward candidates older than 60, 
diabetic candidates older than 40, candidates with failing 
vascular access, and candidates whose expected waiting time 
exceeds their life expectancy on the waiting list without a 

Table  97.3  Patient survival for expanded criteria donor kidney 
transplants

Age (years)  
at Tx

Years posttransplantation

3 Months 1 Year 3 Years 5 Years

18–34 98.4% 96.9% 93.1% 87.6%
35– 49 98.5% 95.4% 86.3% 77.8%
50– 64 95.4% 89.5% 76.7% 63.5%
³65 93.8% 85.8% 63.8% 55.5%
Source: Adapted from Metzger et  al. [2], with permission of Wiley-
Blackwell

Table  97.4  Patient survival for nonexpanded criteria donor kidney 
transplants

Age (years)  
at Tx

Years posttransplantation

3 Months 1 Year 3 Years 5 Years

18–34 99.2% 97.9% 96.3% 90.4%
35– 49 98.5% 96.6% 92.5% 84.8%
50– 64 96.4% 92.3% 86.2% 74.7%
³65 94.6% 88.7% 77.6% 59.0%
Source: Adapted from Metzger et  al. [2], with permission of Wiley-
Blackwell
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transplant [2]. An algorithm for ECD kidney transplant has 
been proposed (Fig. 97.1).

In the liver setting, the impact of ECD criteria on liver 
graft function and recipient survival is still under investiga-
tion. Similar results regarding graft function and patient sur-
vival after transplantation of ECD versus SCD were reported 
by some investigators. However, there is increasing aware-
ness of the potential impact of aggressive utilization prac-
tices on graft and patient outcomes. Donor age has been 
clearly identified as an important risk factor for poor out-
come after liver transplantation [7, 53, 54]. Feng et al. [7] 
analyzed more than 20,000 transplants from the SRTR and 
developed a donor risk index (DRI) that identified seven 
donor characteristics and two transplant variables that inde-
pendently predicted significant increase in risk of graft fail-
ure. These included donor older than 40 years (and particularly 
over 60 years), less donor height, DCD, African-American 
race, split/partial grafts, cerebrovascular accident or other 
cause of death (except trauma, stroke, or anoxia), CIT and 
sharing outside the local donor service area. They described 
that high-DRI grafts have been preferentially transplanted 
into older candidates (>50 years of age) with low disease 

severity [model for end-stage liver disease (MELD) score of 
10–14] and without HCV. The reason why high-DRI grafts 
were allocated to candidates with lower MELD scores can be 
explained by the concept that most ill patients may have dis-
proportionately poorer outcomes with high-risk grafts. 
However, several studies demonstrated that patients with a 
MELD score ³ 20 experienced significant survival benefits 
even when they received a high-DRI organ [55–57]. The 
unpredictable underlying course of the liver disease makes 
timing of liver transplantation a more complex problem; 
therefore, ECD should be proposed for patients with higher 
risks of dying such as those with MELD scores ³ 20. The sur-
vival benefit of high-DRI organ allocation to older candidates 
requires further assessment.

Old Organ Function

In kidney transplantation, the goal of the special allocation 
procedure is to reduce the time associated with placement by 
matching ECD grafts with patients previously designated as 

Figure 97.1  Proposed algorithm for expanded criteria donor (ECD) kidney transplant acceptance. ESRD end-stage renal disease, SCD standard 
criteria donor (from Pascual et al. [3] Reprinted with permission from Elsevier).
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being willing to accept them. In assessing the potential impact 
of these allocation procedures, the sensitivity of ECD grafts 
to cold ischemia time became of great importance. ECD 
transplant recipients have a greater DGF prevalence than 
non-ECD kidney transplant recipients, in part related to CIT 
[58]. A European multicenter study described transplants 
performed with kidneys retrieved from elderly donors: CIT 
was associated with greater incidence of DGF and decreased 
graft survival when censored for death [59]. Most analyses 
suggest that ECD kidneys should be used locally to minimize 
any detrimental effect of CIT on graft function and survival. 
Currently, ESP and OTPN/UNOS organ allocation policy for 
ECD kidneys favors reducing CIT over HLA matching.

A great concern has been raised about the effect of donor 
age on long-term outcome. A review from UNOS data con-
firms that cadaveric kidneys from donors older than 60 years 
are associated with a 50% survival at 5 years, compared with 
the graft survival rate of 70% in patients receiving cadaveric 
donor kidneys from donors aged 19–45 years [60]. 
Interestingly, living donors older than 55 years have been 
reported to represent a significant risk of allograft failure 
[61]. However, as it was mentioned earlier, a recent review 
from OTPN/UNOS database suggested that recipients older 
than 60 years might benefit from living donors aged 65 years 
or older. These data support that donor age has turned to be a 
powerful predictor of long-term renal allograft function.

The main reason for kidney allograft loss in ECD recipi-
ents is death with a functioning kidney. Gill et  al. [30] 
described cardiovascular disease and infection as the most 
common identifiable causes of death in ECD recipients (28.6 
and 19.8%, respectively). These are expected findings 
reflecting the current trend to allocate ECD grafts to older 
recipients. With conventional immunosuppressive regimens, 
the risk of infectious death in older recipients increases expo-
nentially because of higher infectious vulnerability in the 
elderly population, and it can be decreased by lowering 
immunosuppression [60]. Reduction of immunosuppression 
may be better tolerated in the elderly population since the 
incidence and severity of acute rejections is lower than in 
younger recipients, possibly because of the immune impaired 
aging [62, 63]. Nevertheless, kidneys from older donors are 
more likely to undergo acute rejection episodes in the early 
posttransplantation period when compared with kidneys 
from younger donors [64, 65] and may be related to a more 
intense proinflammatory response, increased expression of 
HLA in epithelial and endothelial cells, and the recruitment 
of antigen-presenting cells [51]. Consequently, it has been 
suggested that immunosuppression individualization and 
adequate patient selection, together with better HLA-
matching, tend to decrease infection and rejection risk in 
ECD kidney transplant recipients [46, 66].

In liver transplantation, immediate and long-term function 
of liver allograft procured from older donors is affected by the 

exposure to cold ischemia with an increased rate of primary 
and delayed nonfunction [53, 67, 68]. Grafts with more than 
14 h of cold ischemia have been associated with a twofold 
increase in preservation damage resulting in prolonged post-
operative course, biliary stricture, and decreased graft sur-
vival [67–69]. The European Liver Transplant Registry survey 
showed that 5-year recipient survival was 57% with CIT > 15 h 
versus 64% with CIT between 12 and 15  h and 67% with 
CIT < 12 h [70]. Elderly donors’ liver grafts and donors with 
steatosis are even more affected by prolonged CIT and pres-
ervation injury [71]. These results emphasize the need to 
shorten CIT as much as possible in the case of ECD.

Recently, Burroughs et al. [53] described that those who 
received allografts from donors older than 60 years presented 
an increased 3- and 12-month mortality of 12 and 22%, 
respectively. Different recipient factors can have a major 
impact on ECD graft function – fulminant hepatic failure as 
the indication for transplantation and hepatorenal syndrome 
are associated with higher incidence of primary nonfunction 
[69, 72]. Recipient obesity (body mass index > 30  mg/m2) 
has been reported to increase the risk of postoperative com-
plications after ECD liver transplantation, such as respira-
tory failure and infections [73]. Furthermore, transplantation 
of livers from donors older than 40 years of age is associated 
with increased severity of HCV recurrence and fibrosis rates 
[74]. It is debatable whether old livers should be allocated to 
recipients with HCV infection [75].

Ethics

Ethical allocation priorities are a topic of ongoing discussion 
[76]. Disclosing the risk and benefits of solid-organ trans-
plantation and obtaining inform consent from patients might 
occur at any moment of the transplant process, when the 
patients are placed on the waiting list and/or when an organ 
is offered. Candidates willing to accept an ECD organ should 
be specifically informed about the potential risks a marginal 
graft can carry. A distinction between the risk of disease 
transmission and graft failure should be emphasized as part 
of the informed consent process. In all cases, patients should 
be informed to whether declining ECD will delay their 
receipt of an organ, and provide reasonable assessment of the 
potential of death before SCD becomes available. Candidates, 
who did not consider ECD as an option, should be offered 
the chance to reassess their decision, especially when their 
clinical condition is changed. In such circumstances, trans-
plant physicians’ clinical judgment plays a key role to estab-
lish risk and benefits of providing a particular organ to a 
particular patient. Transplant teams are therefore ethically 
obliged to look carefully into the principles, rules, or 
preferences they use to allocate ECD organs.
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Conclusion

The shortage of organs has led transplant centers to expand 
their criteria for the acceptance of marginal donors. UNOS 
and ESP have addressed this problem implementing an allo-
cation scheme for organ allocation with improvement in sur-
vival rate, and standard definitions of ECD organs were 
established. A better understanding of the impact of ECD 
on outcome improved allocation pathways, and identifying 
the appropriate recipients should result in more efficient 

utilization and improved graft and patient survival. Graft and 
patient survival data on transplant recipients aged 50 years or 
older suggest that there should not be an absolute upper age 
limit at which transplantation of any organ should be con-
traindicated. Candidate’s biological, rather than chronologi-
cal age, and careful evaluation of the overall health and 
quality of life of the transplant candidate should be deciding 
factors of whether transplantation would be beneficial or not. 
The recipient must be educated and informed of the risk and 
benefits when transplanted with an ECD organ.

Case Study

A 69-year-old male with history of smoking, hypertension, 
coronary artery disease, and atrial fibrillation on coumadin 
presented to the ER with headache, nausea, and vomiting. 
Initial workup including head CT scan demonstrated large 
intracranial hemorrhage and significant brain edema. The 
patient continued to experience neurological deterioration 
with evidence of brain herniation and hemodynamic insta-
bility requiring multiple vasopressors. The family was 
notified and expressed interest in organ donation.

	1.	 Determination of brain death: All reversible causes of 
a coma were ruled out (i.e., hypothermia, hypoxia, 
hypoglycemia, etc.). An apnea testing was consistent 
with brain death, and that was later confirmed by a 
radionuclide cerebral blood flow scan.

	2.	 Donor management: Hemodynamic stability was 
achieved via resuscitation with crystalloids and vaso-
active support. Hormone replacement therapy with 
thyroxine was instituted, helping to wean-off vaso-
pressors. Blood pressure was maintained >100 mmHg, 
CVP > 10  mmHg, urine output > 40  mL/h. Finally, 
reversal of diabetes insipidus was achieved with 
desmopressin.

	3.	 Procurement procedure: The presence of abdominal 
donor malignancies was excluded after an extensive 
abdominal exploration, and the thoracic and abdomi-
nal organs were evaluated for transplantation.

Heart and lung were discarded because of advanced •	
donor age and comorbidities.

•	 Liver allocation: liver function tests revealed a total 
bilirubin 1.2 mg/dL, AST 35 IU/mL, ALT 51 IU/
mL and viral hepatitis serologies were negative. In 
order to exclude fibrosis and steatosis, a liver biopsy 
was performed showing macrosteatosis < 5% and 
no significant fibrosis.

•	 Kidney allocation: renal function was preserved, 
creatinine 1.1 mg/dL and BUN 33. For evaluation 
of the kidney, a biopsy was obtained that showed 
glomerulosclerosis < 10%.

	4.	 Recipient procedure and outcome: the risk and bene-
fits of an extended criteria allograft were carefully 
explained to the potential recipients who consented to 
go forward with the transplant procedure.

•	 Liver recipient: A 53-years-old male with alcoholic 
cirrhosis with refractory ascites, recurrent episodes 
of hepatic encephalopathy, a low MELD score of 
18, and no previous abdominal surgeries received 
the ECD liver. Given the fact that elderly donors 
are even more affected by prolonged cold ischemia 
time (CIT) and preservation injury, the liver 
allograft was reperfused within 4.4 h after procure-
ment. The recipient required two units of blood 
during surgery; his postoperative course was 
uneventful except for a bile leak that resolved with-
out endoscopic intervention after 2 weeks. One 
year later the patient presents a totally functioning 
liver with no major events and performing his daily 
activities with no restrictions.

•	 Kidney recipient: A 54-years-old female with dia-
betic nephropathy who had been on hemodialysis 
for the last 6 years accepted the ECD kidney. In 
order to minimize any detrimental effect of pro-
longed CIT on graft function and survival the organ 
was allocated locally, prioritizing CIT over HLA 
matching. Postoperative course was significant for 
acute tubular necrosis requiring hemodialysis for 3 
weeks. One month later the patient presented with 
an acute cellular rejection episode that was 
successfully treated with methylprednisolone. 
After 1 year the graft function is well preserved 
with a creatinine of 1.7 mg/dL.
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Summary

Extended criteria donation emerges as a good option to •	
reduce the gap between the number of patients needing a 
transplant and the number of donors.
Careful selection of ECD organs and potential recipients •	
should be done.
Elderly patients who received ECD kidney transplant will •	
enjoy improved survival than those who remain on 
dialysis.
Future studies assessing ECD outcomes on liver, heart, •	
pancreas, and lung patients are warranted.
Transplant candidates willing to accept an ECD organ •	
should be informed about the potential risks a marginal 
graft can carry.
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While the total number of organs transplanted in this country 
has increased over the years, there is still an ever-widening 
gap between the need for organs and our capacity to meet 
that need as the overall waiting list continues to grow. This is 
due in part to significant advances in transplant techniques 
and outcomes such that Americans with organ failure now 
seek transplants in greater numbers. Additionally, life-expec-
tancy gains in the United States are creating an aging popula-
tion who are more likely to suffer organ failure than younger 
Americans. The national transplant waiting list has contin-
ued to shift toward older candidates. The Scientific Registry 
of Transplant Recipients (SRTR) reported that at the end of 
2007, 59.7% of all 97,248 candidates on the waiting list for 
all organs were 50 years old or older, and 14.9% were 

65 years or older. These percentages are substantially higher 
than they were in 1998 (41.5 and 8.1%, respectively) [1].

In the United States, there is no upper age limit above 
which patients can no longer receive a transplanted organ. 
Over the past 10 years, there has been a significant increase 
in the number of transplants performed on patients over 60 
years of age. The annual number of recipients transplanted 
rose from 21,518 in 1998 to 28,345 in 2007, a 32% increase. 
In contrast, the number of patients over the age of 65 has 
more than doubled, from 1,470 (6.8% of total) to 3,498 
(12.3% of total). According to this data, the only age groups 
demonstrating an annual increase in the number of recipients 
every year over the 10-year period were those aged 50–64 
and those over 65 [1].

Among solid organs transplanted in the United States, 
approximately 59% are kidney, 21% liver, 7% heart, and 5% 
lung [1]. There are several aspects of transplanting elderly 
patients that deserve discussion, including ethical issues, dif-
ferences in pretransplant evaluation, mechanisms of graft 
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CASE STUDY

SN is an 84-year-old African-American male who devel-
oped renal failure after undergoing a triple-vessel coro-
nary artery bypass graft (CABG) following a myocardial 
infarction in 2004. He has a history of hypertension and 
has been stable on hemodialysis via an AV fistula. He has 
excellent exercise tolerance, a normal ejection fraction 
on cardiac catheterization, and was asymptomatic with 
regard to his coronary artery disease. He is fully func-
tional and living independently since he retired from his 
job as a bus operator. He was placed on the waiting list 
for renal transplant in 2007. He received a zero mismatch 
offer from a 75-year-old deceased donor in August 2008. 
The donor was a 125  lb woman with no significant 

medical history who died from a cerebrovascular attack 
(CVA). Her serum creatinine was 0.7 mg/dL and postpro-
curement biopsy revealed minimal glomerulosclerosis. 
Both kidneys were pumped and then implanted ipsilater-
ally in a 4½-h operation. He exhibited good immediate 
function and mild troponin elevation, but no other com-
plications. He received induction therapy with three doses 
of thymoglobulin (1.5 mg/kg/dose), Prograf, and steroids. 
He was discharged to home 5 days later with a creatinine 
of 2.0  mg/dL. No hospital readmissions occurred, and 
1 year following transplantation, his creatinine level was 
1.2 mg/dL. He is currently being maintained on Prograf 
2 mg twice daily and prednisone 5 mg daily. He remains 
quite active working as a producer for a local radio sta-
tion, and he travels extensively visiting family.



1336 A.M. Winnick et al.

loss and death, and the degree and type of immunosuppres-
sive therapy. This discussion focuses primarily on deceased-
donor organ transplants into the elderly, since fewer 
live-donor transplants are performed in the aged (670 trans-
plants in 2008). The kidney being the most frequently trans-
planted solid organ offers the most data in older patients and 
is therefore a primary focus of this chapter. No consensus 
exists as to what age defines “elderly” or “geriatric” within 
the transplant literature, and therefore, no attempt is made to 
offer such a definition; rather, the studies and data are exam-
ined with regard to the issues to be examined and the prin-
ciples to be applied to older transplant candidates.

Kidney Transplantation

Older Americans are an increasingly important consumer of 
End Stage Renal Disease services in the United States. The 
U.S. Renal Data System (USRDS) collects and provides 
national demographic information about patients with kid-
ney disease treated with either dialysis or transplantation. 
The average age of the dialysis patient continues to increase 
each year, with nearly half of patients undergoing regular 
dialysis now over 65 years of age, and the mean age of those 
beginning treatment is now greater than 60 years [2]. There 
are currently 48,773 patients on the waiting list for a kidney, 
with 7,800 (16%) over the age of 65. In 2007, nearly 17,000 
kidney transplants were performed in the United States, with 
2,377 (14%) going to patients over the age of 65 [1].

Kidney transplantation has been shown to improve qual-
ity of life and length of life compared with those remaining 
on dialysis [3]. In one longitudinal study of mortality, inves-
tigators evaluated data collected over 6 years on 228,552 
patients who were receiving dialysis as treatment for their 
end-stage renal disease. Of these, 46,164 were deemed 
healthy enough to be placed on the waiting list for transplan-
tation, and 23,275 received a first deceased-donor kidney 
transplant. The mortality ratio for the patients on dialysis 
who were awaiting transplantation was 38–58% lower than 
that for all patients on dialysis (annual death rates of 6.3 and 
16.1 per 100 patient-years, respectively). The long-term 
mortality rate was 48–82% lower among transplant recipi-
ents than patients on the waiting list (annual death rate 3.8 
per 100 patient-years). Recipients over the age of 60 demon-
strated significant benefit in mortality after transplantation, 
with annual death rates per 100 patient-years at risk for all 
patients on dialysis, patients on the waiting list, and trans-
plant recipients being 23.2, 10, and 7.4, respectively. It is 
estimated that, among those over the age of 60, projected 
remaining years of life are approximately 6 and 10 years 
for those who remain on a waiting list or undergo renal 
transplant, respectively [4]. Multiple studies over the past 

10 years have confirmed that patients older than 60 years of 
age have longer life expectancy with deceased-donor kidney 
transplantation when compared to patients of the same age 
group on the waiting list. Post-kidney transplant recipients 
report a better quality of life, from mental well-being to 
physical functionality and social functioning. In addition, 
after adjusting for comorbidities, there is no significant dif-
ference in graft failure compared to younger patients [5–8]. 
As with all organ transplants, the risks and benefits must be 
carefully weighed, especially in the elderly. Will this organ 
improve the patients’ overall survival and quality of life? 
Will an older patient be able to survive the operation, man-
age the medications, endure the potential side effects of 
immunosuppression, and have the social and financial sup-
port necessary to recover and maintain rigorous doctor 
appointments?

Current success in transplanting kidneys into older recipi-
ents has quieted misconceptions within medical communi-
ties and the general public, among them the erroneous belief 
that advanced age alone prevents a successful surgical out-
come, that the elderly patient with ESRD has a very limited 
life expectancy, and thus cannot receive a transplant, and that 
older recipients have poor results based upon outdated infor-
mation from the previous era of transplantation and immuno-
suppression. Older recipients, however, do have a higher risk 
of cardiovascular events, infection, and malignancy after 
kidney transplantation compared to younger patients [9]. 
Also, they are more prone to drug side effects and toxicity 
[10]. The absolute gain in survival provided by a donor kid-
ney varies considerably depending on recipient factors, such 
as age and comorbid illnesses.

Although overall graft failure rates are not higher for 
elderly recipients, death with a functioning graft does occur 
more often which shortens the lifespan of the donated kidney 
(especially from a young donor) [10]. Clearly, a younger 
recipient would more likely experience more years of 
allograft function with the same kidney. With ever-increasing 
organ shortages, the ethical dilemma of including age as a 
potential allocation factor has been raised. The argument 
pits the increased survival and quality of life for the older 
transplant recipient against the population gain in allograft 
survival by transplanting kidneys preferentially into younger 
recipients. What is the best way to deal with these competing 
allocation philosophies, namely, giving everyone an equal 
chance to receive an organ vs. getting the maximum benefit 
from each organ transplanted? In the U.S., the United 
Network for Organ Sharing (UNOS) provides regulatory 
oversight and balances these ethical principles in an effort to 
achieve socially acceptable allocation policy.

An alternate strategy to maximize the benefit of donor 
organs matches kidneys with lower expected graft survival 
time (principally older donors) to patients with lower 
expected longevity (principally older recipients). The current 
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allocation of expanded criteria donor (ECD) kidneys attempts 
to do this. These kidneys are procured from donors older 
than 60 years of age or donors aged 50–59 years with at least 
two of the following conditions: cerebrovascular accident as 
cause of death, a history of hypertension, or a serum creati-
nine > 1.5 mg/dL [11]. While ECD kidneys carry a relative 
risk of graft failure greater than 1.7 compared to a reference 
group of donors aged 10–39 years without any of the above 
three conditions, elderly recipients of ECD kidneys were 
found to have a survival benefit compared with waiting-list 
candidates (RR = 0.75; 95% CI 0.65–0.86; p < 0.0001) [8]. 
The benefits (shortening of waiting time) and risk (impaired 
long-term graft function) associated with the use of ECD 
kidneys should be addressed on an individual basis. As with 
all recipients, elderly patients do best with an ideal donor 
kidney; however, the ECD policy achieves a compromise 
that enhances the donor pool and provides good alternative 
to dialysis.

Another option for increasing the number of organs and 
decreasing the waiting period for renal transplantation is to 
perform a dual kidney transplant. Both kidneys from an 
older donor, which individually would be considered mar-
ginal or inadequate for transplantation, are transplanted into 
a single recipient. This expands the use of kidneys that oth-
erwise would not be used. There is a misconception that 
dual kidney transplantation involves the transferring of an 
inferior organ; on the contrary, it is just a different type of 
organ transplant. For all kidneys being evaluated for dona-
tion, the creatinine clearance is calculated. If it is greater 
than 65  mL/min, each individual kidney may be trans-
planted into two different recipients. If it is below 40 mL/min 
both kidneys are usually deemed unsuitable for transplant. 
The area in between, 40 and 65  mL/min, constitutes the 
range to use two kidneys together to give recipients the 
function of one kidney. This allows for the transplantation 
of as much kidney function as, if not more than, a standard 
single transplant from a nonexpanded criteria donor. With 
careful selection, the amount of kidney function that is 
being transplanted with dual kidney is comparable to a 
single kidney transplant [12].

Patient Selection

Prior to transplantation of any organs, the prospective 
recipient has to be carefully evaluated to detect and treat any 
coexisting illnesses that may affect patient and graft survival 
after transplantation. In the elderly, this is imperative for two 
reasons: graft loss in the elderly is related primarily to patient 
death, and the main causes of morbidity and mortality fol-
lowing transplantation are infection and cardiovascular 
disease [13, 14].

Regardless of the age of the recipient, a thorough medi-
cal, surgical, and psychosocial history needs to be obtained, 
along with a detailed physical examination. Careful exami-
nation of the abdomen for previous operations is important, 
as is the presence or absence of peripheral arterial pulses. 
Initial laboratory testing includes blood type, HLA typing 
and a panel reactive antibody assay to detect for previous 
sensitization, complete blood count (CBC), blood urea nitro-
gen, creatinine, electrolytes, calcium, phosphorous, albumin, 
liver function tests, prothrombin time, and partial thrombo-
plastin time. Serologic studies for cytomegalovirus (CMV), 
hepatitis B and C viruses (HBV, HCV), human T cell leuke-
mia virus (HTLV-1), and human immunodeficiency virus 
(HIV) are routine. One element of the evaluation process 
includes baseline age-appropriate screening tests. It is also 
important and appropriate to maintain a higher index of sus-
picion for malignancy in patients of this age group. In 
women, this consists of gynecologic examination and 
Papanicolaou smear, breast examination, and in those over 
the age of 40 without a family history of breast cancer in the 
premenopausal years, mammography. In men, testicular 
examination, prostate examination, and for those over age 
50, prostate-specific antigen (PSA) assay should be 
performed. All patients over the age of 50 should undergo 
screening colonoscopy. A screening purified protein deriva-
tive (PPD) test may be used depending on the patient popula-
tion and patient history. Radiologic studies include chest 
X-ray and electrocardiogram as routine and can include 
ultrasound or computed tomography (CT) scan of the abdo-
men to evaluate anatomy if indicated. Estimation of urine 
output preoperatively is important because it determines the 
significance of postoperative urine output and helps deter-
mine the need for any urologic evaluation. A history of clau-
dication warrants a workup for peripheral vascular disease 
and may also point towards a higher chance of ischemic 
heart disease. The presence of strong femoral and peripheral 
pulses indicates that the pelvic vessels will likely be adequate 
for the transplant vascular anastomosis. Assessment of car-
diac risk is critical in the evaluation process of elderly 
patients. Cardiovascular disorders, such as hypertension, 
coronary artery disease, congestive heart failure, and arrhyth-
mias are common in elderly transplant recipients and account 
for most of the deaths in this population. Blood pressure, 
blood glucose, and cholesterol control is of particular con-
cern because this patient population frequently have or 
develop these complications. The prevalence of ischemic 
heart disease is very high in patients with end-stage renal 
disease, and almost half of the deaths that occur during the 
first 30 days posttransplant are due to ischemic heart disease 
[15]. The current guidelines from the American Society of 
Transplantation recommend assessing ischemic heart disease 
risk factors in any patient with a prior history, men over the 
age of 45 or women over the age of 55 years, cardiac disease 
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in a first-degree relative, current cigarette smoking, diabetes, 
hypertension, fasting total cholesterol > 200  mg/dL, high-
density lipoprotein cholesterol < 35 mg/dL, and left ventric-
ular hypertrophy. Any patient at high risk, including those 
with renal disease from diabetes, prior history of ischemic 
heart disease, or more than two of the above risk factors, 
should undergo an echocardiogram and cardiac stress test. 
Angiography with possible revascularization, if indicated, 
should be performed prior to any transplantation. 
Asymptomatic patients can also undergo noninvasive tests 
first that may help determine the risk for posttransplant com-
plications, in the form of chemical stress echocardiography 
or scintography [15].

Based on an initial evaluation, the 2005 Canadian Society 
for Transplantation Guidelines suggested that the following 
patients with coronary heart disease may be eligible for kid-
ney transplantation: asymptomatic low-risk patients; asymp-
tomatic patients in whom noninvasive testing is negative; 
patients on appropriate medical therapy with angiographic 
results showing noncritical disease; and those patients in 
whom successful interventions have been performed [16].

Currently, there is no strong evidence to suggest a benefit 
to the routine screening of asymptomatic renal transplant 
candidates for cerebrovascular disease. Risk factors for post-
transplant cerebrovascular disease include a history of prior 
disease, age, smoking, diabetes, hypertension, and hyperlipi-
demia [15]. Patients who have already suffered from a cere-
brovascular event and have significant deficits may be poor 
operative candidates due to their poor operative risk and reha-
bilitative potential. Patients with recent transient ischemic 
attacks need to be adequately evaluated by a neurologist.

Pulmonary risks associated with surgery for transplanta-
tion include infection, fluid overload, and ventilator depen-
dency. Pretransplant evaluation of elderly patients with 
respiratory disease should be consistent with that for the gen-
eral population who undergo a preoperative pulmonary assess-
ment [17]. The 2005 Canadian Transplant guidelines suggest 
that patients should not be considered candidates for kidney 
transplantation if they require home oxygen therapy, have 
uncontrolled asthma, severe cor pulmonale, or severe COPD, 
pulmonary fibrosis, or restrictive disease. The latter is defined 
by FEV1 < 25% predictive value, room air pO

2
 < 60  mmHg 

with exercise desaturation SaO
2
 < 90%, or more than four 

lower respiratory tract infections in the last 12 months [16].
The transplant candidate must be free of all active infec-

tions before transplantation could be considered. Whenever 
possible, all treatable infections should be dealt with appro-
priately. Chronic infection precludes transplantation and the 
subsequent use of immunosuppressive therapy. Infectious 
complications occur frequently in the transplanted patient, 
with pneumonia being one of the most common infections 
seen in elderly hospitalized patients. As such, elderly patients 
must be immunized against influenza and pneumococcus.

Not too long ago, most centers considered patients who 
tested positive for HIV inappropriate for transplantation 
secondary to immunosuppressant-induced opportunistic 
infection and the suspected short life span. With the advance-
ment in antiretroviral therapy, more centers now are willing 
to transplant patients who are HIV positive, but the general 
recommendation is to evaluate on a case-by-case basis.

Patients with a malignancy prior to receiving an 
organ may still be a suitable candidate for transplantation 
depending on the tumor type, stage, and response to ther-
apy. The concern is that malignancies are common after 
transplantation, possibly due to immunosuppression favor-
ing the growth of malignant cells and/or viral infection. 
This part is addressed in a later section on postoperative 
issues. While it has been reported that patients with ESRD 
on dialysis have a higher rate of cancer compared to the 
general population, this relative risk has been shown to be 
higher in younger patients [18]. Most patients previously 
treated for cancer benefit from a waiting period prior to 
renal transplantation to decrease the risk of recurrence. 
Depending on tumor characteristics, recommendations 
range from no wait time to 5  years. No waiting time is 
required for basal cell carcinoma of the skin, in situ cancer 
of the bladder or cervix. A 2-year waiting time is proposed 
for lymphoma, leukemia, cancers of the prostate, lung, 
breast (early stage), testicle, thyroid, uterine body, bladder, 
Wilm’s tumor, renal cell carcinoma (<5 cm), or Kaposi’s or 
other sarcoma. Patients with localized, successfully treated 
carcinoma of the uterine cervix may benefit from waiting 2 
years, and in some cases 5 years, prior to transplantation. 
A 5-year waiting time is recommended for colorectal, inva-
sive breast, and renal cell carcinoma (>5 cm), and malignant 
melanoma [15, 16, 19].

While some contraindications to kidney transplantation 
are absolute, many are relative and determined by individual 
centers. Absolute contraindications to receiving a renal trans-
plant include: recent or metastatic malignancy; active sub-
stance abuse; severe extrarenal disease with life expectancy 
of less than 1 year; untreated current infection; psychiatric or 
other illness impairing adherence to regimen. Relative con-
traindications include: morbid obesity; active heavy tobacco 
use; acute coronary or cerebrovascular event; HIV infection 
if untreated or poorly monitored [13, 15].

The actual surgery for transplanting a kidney is the same 
for the elderly patients as for any adult, with the caveat that 
careful attention must be paid to fluid maintenance and moni-
toring in the elderly, depending on the cardiac and pulmonary 
history. The standard incision for adult kidney transplanta-
tion is an oblique incision from the symphysis in the midline, 
curving in a lateral and superior direction to the iliac crest. 
The donor renal artery and vein are anastomosed to the recip-
ient external iliac artery and vein, respectively, and the donor 
ureter anastomosed to the recipient bladder. The kidney is 
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placed in the iliac fossa where it is easily accessible if an 
ultrasound, biopsy, or other intervention is required.

Immunosuppression and Prophylaxis

While the benefit of renal transplantation in the elderly has 
already been established, there is a paucity of data evaluating 
the safety and efficacy of immunosuppression regimens. 
Most centers use traditional principles and their transplant 
protocols with modifications when considering the factors 
unique to the elderly. Analysis of registry data suggests that 
while the risk of acute rejection decreases with age, the 
impact of rejection on long-term graft function in this elderly 
population is greater when compared to younger groups. It is 
of no surprise that posttransplant mortality is greater in the 
elderly; however, censoring graft survival data for patient 
death demonstrates no significant difference between out-
come in older and younger patients [5, 6, 20, 21].

The goal of an immunosuppression protocol should be to 
maintain a level necessary for a reduced risk of infection 
without increasing the risk for rejection. The elderly have 
less immunocompetence, and the therapy has to be adjusted 
in the elderly transplant recipient. This may result in a 
decreased likelihood of immunologic rejection but increased 
risk of infection. Immunosuppressive therapy also has to be 
adjusted to account for the different pharmacokinetics and 
altered effects of drugs in the elderly. The aging process 
results in physiological changes that affect drug absorption, 
distribution, and metabolism. In addition, due to the many 
comorbid conditions in the elderly, they often take many 
medications which may have drug–drug interactions with 
immunosuppressive medications [22].

There are currently no prospective multicenter trials that 
specifically evaluate immunosuppressive medication proto-
cols in the elderly in a randomized fashion. Most of the time, 
the elderly are excluded from trials. As such, most of the data 
is from single-center, observational studies or retrospective 
database analyses [23]. Any approach should be based on the 
risks of acute rejection, infections, malignancy, and comorbid 
conditions.

There is no set immunosuppression protocol that has been 
universally accepted in the elderly or any patient population. 
Although acute rejection decreases with recipient age, 
chronic allograft nephropathy seems to increase with age, 
and this phenomenon is further confounded by increased 
death from infectious disease and drug-related causes. This 
has led to some protocols that support less-intensive immu-
nosuppressive drug therapy in elderly recipients [24].

Current treatments consist of triple therapy with corticos-
teroids, a calcineurin inhibitor (cyclosporine or tacrolimus), 
and an antimetabolite, but these regimens may be replaced 

by substitution or addition of newer antiproliferative agents. 
Treatment with mycophenolate mofetil (MMF), which inhib-
its purine synthesis, has been found to result in a longer time 
to the first episode of acute rejection but had significantly 
greater rates of opportunistic infection and graft loss and 
mortality [25]. One study comparing MMF to azathioprine 
evaluated over 5,000 patients over the age of 65 and showed 
improved patient and graft survival with lower rates of late 
acute rejection with MMF. The most prescribed immunosup-
pressive protocol is a combination of MMF with calcineurin 
inhibitor, and there appears to be no contraindication to use 
this protocol in the elderly [26, 27].

An alternative or supplement to standard triple therapy is 
the use of augmented immunosuppression with antilympho-
cyte antibodies, commonly termed “induction immunother-
apy.” These cytolytic agents have been found to reduce the 
risk of early rejection but tend to increase the risk of infec-
tion. Induction therapy in the form of Atgam® (equine anti-
thymocyte globulin) or OKT3® (muromonab-CD3) was the 
mainstay but now has been largely replaced by the use of 
Thymoglobulin® (rabbit anti-lymphocyte globulin) or mono-
clonal antibody therapy directed against the IL-2 receptor – 
Zenapax® (daclizumab) or Simulect® (basiliximab) [1].

In addition to the immunosuppression and steroids mak-
ing the elderly more susceptible to infection, fractures, 
weight gain, and other side effects, they are at a 30% higher 
risk of developing new-onset diabetes posttransplant per 
decade of life [28]. This has led to a movement in recent 
years for the avoidance or early withdrawal of calcineurin 
inhibitors and/or corticosteroids. Multiple studies demon-
strated appropriate patient and graft survival, as well as 
excellent graft function, after using induction agents and 
minimizing the use of calcineurin inhibitor [29–31].

Considering the elderly’s increased risk for adverse affects 
and infection, and the limited prospective data available, any 
protocol must consider that decreasing the risk of acute rejec-
tion may augment the morbid consequences of rejection. 
As such, protocols are currently tailored based on donor type 
and immunologic status of the elderly recipient. The low-
risk recipient of a kidney from a young donor may be a 
candidate for rapid steroid withdrawal or steroid minimiza-
tion strategies due to the lower risk of rejection and increased 
risk of steroid-induced adverse effects. The low-risk recipi-
ent of a kidney from an older donor may have an enhanced 
risk of chronic allograft nephropathy and nephrotoxicity 
from the calcineurin inhibitors, so it may be appropriate to 
use a calcineurin inhibitor minimization strategy. As already 
mentioned, interleukin-2 receptor antibodies or antilympho-
cyte antibodies may be used as induction agents with a 
calcineurin inhibitor, with the interleukin-2 receptor anti-
body showing a superior safety profile. Minimizing immu-
nosuppression is not appropriate in an elderly patient with 
high immunologic risk, so a regimen consisting of antibody 
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induction, corticosteroids, calcineurin inhibitors, and/or 
MMF is more reasonable [23].

Since there is potential for severe consequences with 
acute graft rejection in the elderly, a biopsy should be per-
formed in all unexplained cases of allograft dysfunction. 
Treatment should be based on histologic findings, whenever 
possible, with empiric steroid use for treatment of presumed 
acute rejection used sparingly due to the increased risk of 
adverse events in the elderly.

Patient and Graft Outcomes

Renal allograft and patient survival in the elderly transplant 
recipient are currently excellent, when looked at as a group 
and compared to younger recipients. Patient survival at 1, 5, 
and 10 years ranges from 80 to 90, 70, and 50%, respectively 
[1, 5, 6, 32]. This is based in part on the type of allograft. 
Based on the 2008 SRTR analyzing transplants from 1998 to 
2007, 3-month, 1-, and 5-year patient survival rates for those 
65 years of age and older receiving a renal transplant are: 98, 
96, and 78% for recipients of living-donor kidney trans-
plants, respectively; 96, 92, and 66% for recipients of 
deceased-donor nonextended criteria donor kidneys, respec-
tively; and 95, 87, and 58% for recipients of deceased-donor 
extended criteria donor kidneys, respectively [1].

Graft survival has increased in parallel, averaging 85% at 
1   year and 70% at 5 years [5, 6]. Allograft survival at 
3 months, 1, and 5 years for those 65 years of age or older 
are: 97, 94, and 74% for recipients of living-donor kidney 
transplants, respectively (Fig.  98.1); 94, 88, and 59% for 
recipients of deceased-donor nonextended criteria donor kid-
neys, respectively; and 90, 81, and 48% for recipients of 
deceased-donor extended criteria donor kidneys, respec-
tively (Fig. 98.2) [1].

Patient death with a functioning graft accounts for the 
majority of reported “graft loss” in the elderly patients. 
Nearly 50% of graft loss is due to death in the elderly recipi-
ent compared to 15% in the younger recipient. Acute rejec-
tion is reported to occur less often in elderly recipients, but 
there is an increased risk of chronic allograft nephropathy, 
especially if the allograft is from the older donor [33].

The predominant causes of death in elderly transplant 
recipients are cardiovascular disease and infection. Most 
infectious episodes occur in the first 6 months posttransplant, 
likely due to the degree of immunosuppression. The risks of 
overimmunosuppression and cardiovascular disease are 
related to the natural effects of aging and factors having to do 
with end-stage renal disease. Overimmunosuppression will 
increase infectious complications in all patients, regardless 
of age. However, the elderly are less immunocompetent, 
leading them to be more susceptible to infection at lower lev-

els of immunosuppressive therapy. Most likely to contribute 
to this are high-dose corticosteroids and antilymphocyte 
antibodies at induction. Other causes of death in the elderly 
recipient include malignancy and gastrointestinal hemor-
rhage. Death due to malignancy has been reported to increase 
disproportionately with time after transplantation in the 
elderly recipient [22]. Despite the mortality risks, there is 
still a better life expectancy and quality of life afforded by 
kidney transplantation compared to dialysis. With careful 
selection and responsible follow-up, advanced age alone is 
not a contraindication to successful transplantation. Age 
should not be the primary determinant of donor allocation; 
rather, the focus should be on baseline comorbidity or func-
tional status [10].

Liver Transplantation

End-stage liver disease (ESLD) results from many etiologies 
and eventually leads to complications including bleeding, 
ascites, infection, renal failure, fluid and electrolyte 
disturbances, hepatic encephalopathy, hepatocellular carci-
noma, and eventually, liver failure. Currently, the only defin-
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itive treatment for patients with ESLD is liver transplantation. 
There were 6,223 deceased-donor liver transplants performed 
in the U.S. in 2007, of which 619 (9.9%) were in patients 65 
years or older. 3,445 (55%) deceased-donor liver transplants 
were allocated for recipients between the ages of 50–64. 
There were 266 living-related liver transplants, of which 
only 27 were for older recipients. Of the approximately 
16,500 patients on the waiting list for liver transplant, 1,450 
(11.6%) are over the age of 65. This is a dramatic increase 
from the 4,424 liver transplants in 1998, with only 322 
(7.3%) going to patients over the age of 65. As is seen with 
other organs, far fewer livers are available than patients who 
need them [1].

Indications

The most common diagnoses in elderly patients waiting for 
liver transplantation are cirrhosis, alcoholic liver disease, 
hepatitis, primary biliary cirrhosis, and hepatocellular carci-
noma. Elderly patients should only be considered for trans-
plantation if they are thought to be capable of surviving the 
perioperative period and complying with the intense chronic 
medical regimen and follow-up [34].

Older patients are frequently seen as higher risk recipients 
due to their comorbidities and increased mortality to both 
hepatic and nonhepatic causes [35]. Liver transplantation in 
patients over the age of 55 was discouraged as recently as 20 
years ago. However, since that time, there have been many 
studies demonstrating success in patients over the age of 60, 
encouraging more centers to list and operate on older patients 
[36–41]. More recent data suggest that patients over the age 
of 70 may successfully undergo liver transplantation; how-
ever, it has to be at a less-severe level of disease to have a 
good outcome [42].

Most contraindications for liver transplantation relate to 
comorbid conditions. Relative contraindications include 
alcohol or illicit drug use in past 6 months in a patient with a 
history of abuse, severe extrahepatic disease, adverse psy-
chosocial factors, anatomic difficulties resulting from previ-
ous abdominal trauma or surgery, and age. Absolute 
contraindications generally include uncontrolled infection or 
sepsis, extrahepatic malignancy, advanced hepatic malig-
nancy, and irreversible brain injury [39, 43]. HIV infection 
had previously been considered to be an absolute 
contraindication for liver transplantation. However, with the 
significant improvements with antiretroviral therapy and 
improved monitoring methods, it is no longer a sufficient 
reason to refuse surgery. While some centers may still list it 
as a relative contraindication, many will no longer restrict 
recipients as long as attention is paid to the comorbid 
conditions.

Criteria for Transplantation

For more than 30 years, the Child–Pugh classification sys-
tem was used to predict morbidity and mortality in patients 
with liver disease. While useful in stratifying patients for 
transplantation, it does not provide an adequate method of 
prioritizing patients on the liver transplant waiting list [44]. 
As a result, organ allocation in adults is now based on the 
Model for End-Stage Liver Disease (MELD), which is a 
logarithmic transformation of the recipient’s bilirubin level, 
creatinine level, and international normalized ratio (INR) 
into a mathematical model. It allows for an objective assess-
ment of need for transplantation and short-term prognosis 
while waiting for a transplant. It does not, however, neces-
sarily correlate with posttransplant survival [45].

Preoperative assessment of all liver transplant candidates 
includes abdominal ultrasound, thoracic and abdominal 
computed tomography, and upper gastrointestinal endoscopy 
in addition to routine blood studies. Patients older than 50 
years must undergo screening colonoscopy, and in male 
patients older than 55 years, the serum prostate-specific anti-
gen concentration must be studied with digital rectal exami-
nation. In female patients, cervical and breast cancer 
screening must be done as indicated before listing.

Age-related morbidity is one of the main causes of mor-
tality after liver transplantation.

Older patients have to be evaluated by specialists in the 
field of cardiology and pulmonary disease [46]. The cardio-
vascular workup for patients over the age of 60 years includes 
a routine history and physical examination, EKG, and two-
dimensional echocardiography. A history of coronary artery 
disease (CAD) or symptoms of exceptional angina are clear 
indications for performing cardiac catheterization prior to 
transplantation. A negative stress test is not sufficient to 
exclude cardiac disease in patients with clinical history 
strongly suggestive of CAD. In this situation, the clinician 
may elect to proceed directly to cardiac catheterization [47]. 
Doppler studies of the carotid, vertebral, and peripheral limb 
arteries are performed on these patients if clinically war-
ranted. Revascularization strategy must be performed prior 
to listing for liver transplantation if there is extensive coro-
nary heart disease [38]. Diabetes mellitus may be the most 
important risk factor for the presence of CAD in patients 
with liver disease and must be assessed and managed 
appropriately in the perioperative setting [44, 48]. Older 
patients with end-stage liver disease, particularly those with 
cholestatic liver disease, are also at risk for osteopenia or 
osteoporosis. Postoperative corticosteroid therapy will also 
contribute to bone loss, increasing the risk of sustaining 
compression fractures. For all elderly patients, determination 
of vitamin D serum levels and baseline bone densitometry is 
encouraged [44]. Any patient over the age of 60 with a his-
tory of encephalopathy, seizures, or ischemic event should 
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have an MRI of the brain prior to being listed. Older patients 
also have to be routinely screened for malignancy. Patients 
waiting for liver transplants need to be evaluated for hepato-
cellular carcinoma (HCC) in particular, as well as for colon, 
skin, prostate, and breast neoplasms.

For liver transplant recipients, the pretransplant status has 
been found to be associated with survival, and this is seen 
more in elderly patients. In a retrospective review of 1,446 
liver transplant recipients, of which 241 were over the age of 
60, the elderly patients were found to be especially at risk for 
lower survival if they had a bilirubin level of 10 mg/dL or 
greater, an albumin level of less than 3 g/dL, a markedly pro-
longed (>20 s) prothrombin time, or generalized poor nutri-
tion. The authors recommended forgoing transplantation in a 
patient over the age of 60 who is an inpatient in the hospital or 
in the intensive care unit with any of the above values [49].

Immunosuppression

The immunosuppression protocol and dose of immunosup-
pressive drugs do not drastically differ between older and 
younger liver transplant patients [43]. Immunosuppressive 
strategies vary from center to center in the selection of spe-
cific agents, the number of agents, and the duration of use of 
each agent. The combinations used have evolved to predomi-
nantly tacrolimus, mycophenolate mofetil/mycophenolic 
acid, and steroids. Triple drug therapy remains the predomi-
nant drug regimen; however, many centers are attempting to 
minimize or eliminate long-term steroid use. The key is to 
tailor the regimen to the patient to best prevent cellular rejec-
tion, have no associated morbidity with respect to opportu-
nistic infections, have no nephrotoxicity, and preclude the 
development of infection, which continues to be a leading 
cause of death in the year after transplantation.

Results

Although there are some studies reporting that the long-term 
survival of patients older than 60 years was lower than 
younger recipients [50–53], most studies report similar 
[38, 54, 55] or even better [43, 56] survival in recipients 
older than 60 years old.

One study evaluating the survival rates of elderly liver 
transplant recipients found that the short-term survival of the 
elderly is comparable to those younger adults, but the longer 
survival was not encouraging. The long-term survival was sig-
nificantly lower in elderly recipients, with a 5-year patient sur-
vival of 52% in the elderly group and 75% in the younger 
patients ( p < 0.05). The study period was divided into two eras; 
1984–1991 and 1992–1997. In both eras, recipient survival in 

those older than 60 years was significantly lower than younger 
recipients, lending support to the idea that older recipients are 
not good candidates for liver transplantation [50].

A different study showing better survival rates in elderly 
patients looked at 240 liver transplant recipients, of which 23 
were over the age of 60. They reported 87.5 and 83.3% 1- and 
3-year patient survival in the elderly, respectively, compared 
to 77.8 and 73.5% in the younger group. Graft survival rates 
at 1 and 3 years were found to be 79.2 and 75% in the older 
group and 76.5 and 71% in the younger group, respectively. 
Neither set of data showed any statistical significance [52].

Some studies divided older recipients into two groups to 
show the effect of age more clearly: recipients between 60 
and 65 years of age and those older than 65 years. One study 
reported that the patient survival in the older than 65 years of 
age group was 99%, 82 and 73% in 3 days, 1, and 5 years, 
respectively [38].

A different study found a lower survival rate in patients 
older than 65 years than in patients between 60 and 65 years, 
although there was no statistical significance. Overall, 
patients older than 60 years had lower survival rates than 
younger patients, which could possibly be explained since 
that group had a higher rate of HCC as the reason for trans-
plantation [47].

Similar results can be found in smaller studies for recipi-
ents over the age of 70. One study found a 58% 3-year sur-
vival in 33 patients, while another has 1- and 3-year survival 
rates of 78.8 and 71.4%, respectively [39, 53]. Data is lim-
ited in this age group, but transplantation in septuagenarians 
is definitely feasible if the patient is otherwise healthy.

There are few studies looking at the survival in older 
patients after a living-donor liver transplant (LDLT), and the 
results have been mixed. Some investigators reported that 
recipient age had an influence on allograft failure [48], while 
others found that older recipient age and prolonged cold 
ischemia time increased the risk of graft failure [49]. One of 
the larger studies investigated the impact of age in living-donor 
liver transplantation by following recipients over 60  years of 
age over a 10-year period. They found the following parame-
ters as risk factors influencing survival rate in patients after 
LDLT: MELD score equal to or greater than 25; Child’s clas-
sification C; preoperative status of the recipient being in an 
intensive care unit; and blood type incompatibility. Recipient 
age of 60 years of age or older had no influence on the 
survival. 1-, 3-, and 5-year survival of the recipients older than 
60 years were 81.9, 78.7, and 78.7%, respectively. Interestingly, 
their results in older patients were better than in younger 
patients (1-, 3-, and 5-year survivals in patients younger than 
60 years is 75, 70.8, and 69.3%, respectively). A possible 
explanation for this better survival is that the selection criteria 
of older recipients were more stringent. The MELD score for 
older group recipients was significantly lower, and high-risk 
older patients were not considered for LDLT as a treatment 
option for their advanced liver disease in that study [43].
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It is evident that after 5 years, survival of patients aged 65 
years and older begins to diminish [38]. The 10-year survival 
of recipients older than 60 years was found to be 48%, which 
is significantly lower than the 72% survival rate of recipients 
younger than 60 [47, 57]. One study evaluated 91 transplant 
recipients over the age of 60 over a 13-year span and reported 
a 10-year patient survival of 35% in the elderly group and 
60% in the younger patients ( p < 0.05). The most common 
cause of late mortality in elderly liver recipients was malig-
nancy (35%), whereas most of the young adult deaths were 
the result of infectious complications (24%) [50].

Based on the 2008 SRTR analyzing transplants from 1998 
to 2007, 3-month, 1-, 5-, and 10-year patient survival rates 
for those 65 years of age and older receiving a liver 
transplant are 91, 81, 64, and 42% for recipients of deceased-
donor liver transplants, respectively and 93, 85, 71, and 54% 
for recipients of living-donor livers, respectively. Allograft 
survival at 3 months, 1-, 5-, and 10-years for those 65 years 
of age or older are 94, 84, 68, and 53% for recipients of liv-
ing-donor livers, respectively (Fig. 98.3) and 89, 78, 61, and 
40% for recipients of deceased-donor liver transplants, 
respectively (Fig.  98.4). The results at all intervals were 
comparable to those of younger age groups [1].

When evaluating a patient’s risk for rejection after liver 
transplant, younger age has been found to be an independent 
risk factor [58]. Older patients usually have a lower incidence 
of episodes and severity of graft rejection, possibly a result 
of immune senescence [46, 51, 59]. One study noted that 
liver recipients over the age of 65 tended to have lower rates 
of rejection, although there was no statistical significance [38]. 
Some centers have reported no difference in episodes of 
acute rejection among older or younger recipients [56, 60].

Most studies report no statistical differences in the inci-
dence of complications in terms of hospitalization, infection 
(surgical or opportunistic), repeat operation, readmission, or 
repeat transplant between the patients older or younger than 
60 years [56]. Older patients are more prone to having higher 
incidence of osteoporosis, nontraumatic bone fractures, cor-
onary artery disease, and malignancy after liver transplanta-
tion, with skin cancer being the most common [43, 47].

The most prevalent cause of death in recipients older than 
60 years is malignancy (both recurrent and de novo) and sep-
sis [38, 43, 47]. In one study, investigators reported that 
seven of ten recipients died secondary to sepsis in the early 
phase after LDLT within 3 months. In patients younger than 
65 years of age, most causes of death are related to cardio-
vascular (myocardial infarction, congestive heart failure, 
cerebrovascular accident, intracranial hemorrhage) and 
sepsis. A possible explanation for not having the cardiac 
problems as a leading cause of death in older patients may be 
that the older recipients are more rigorously assessed for 
comorbidities that could be detrimental to outcome.

Well-selected patients over the age 60 or 65 have a 
comparable survival after liver transplantation to younger 

recipients at 1-, 3-, and 5-years posttransplant. Advances in 
surgical technique, improved intensive care, and standardized 
immunosuppressive therapy all contribute to the good survival 
results. Unfortunately, long-term results have not been as 
promising, possibly explained by older patients having fewer 
years of life remaining. Nonetheless, this should not preclude 
liver transplantation in elderly patients deemed strong and 
otherwise healthy enough to undergo the procedure [38].

Heart Transplantation

Chronic heart failure remains one of the most common dis-
eases affecting the population. With increases in life 
expectancy and improvements in medical care, more elderly 
patients are being seen by cardiologists and cardiac 
surgeons for end-stage heart failure. Cardiac transplantation is 
the treatment of choice for many patients with end-stage heart 
failure who remain symptomatic despite optimal medical ther-
apy. The 2007 report from the Registry of the International 
Society for Heart and Lung Transplantation (ISHLT) estimated 
that slightly more than 5,000 heart transplants are performed 
annually worldwide [61]. The SRTR estimates that anywhere 
from 2,000 to 2,400 heart transplants were performed in the 
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United States yearly over the past decade, with 2,207 trans-
planted in 2007. Of this, 44–52% of the recipients are 50–64 
years of age, and 8–11% are 65 years of age or older. The most 
recent data list 1,408 active patients on the waiting list, with 
168 (12%) being over the age of 65. The median time to trans-
plant in this elderly group is 103 days [1].

Older patients have been excluded from consideration for 
heart transplantation in the past, typically due to the sup-
posed adverse effect of increased age on long-term survival 
and the shortage of donor organs. However, advances in 
posttransplant care have improved outcomes in older patients, 
and several centers have demonstrated results comparable to 
younger patients. The criteria regarding the recipient’s older 
age limit continue to be expanded, and older patients are 
increasingly being considered as potential heart transplant 
candidates [62–65].

Indications

Over the past decade, there has been a significant decrease in 
mortality in patients with advanced heart failure treated 
aggressively with medical and device therapy, leading to a 
reassessment of the role of cardiac transplantation [66, 67]. 
The ideal heart transplant candidate is a person with end-
stage heart disease for whom conventional therapy is not 
likely to provide acceptable symptomatic benefit or satisfac-
torily improve life expectancy. The Clinical Practice 
Committee of the American Society of Transplantation pub-
lished recommendations in 2001 for considering heart trans-
plantation in patients with cardiac conditions that have not 
responded to maximal medical management [13]. Although 
severe heart failure refractory to medical therapy is the most 
common indication for transplantation, other circumstances 
warranting transplant include severely limiting ischemia not 
amenable to interventional or surgical revascularization, 
recurrent symptomatic ventricular tachyarrhythmia refrac-
tory to medical therapy, an implantable cardioverter-defibril-
lator (ICD), or surgery and rarely, for the management of 
cardiac tumors. Nonischemic cardiomyopathy accounts for 
approximately 45% of cases, and coronary artery disease 
accounts for about 38% of cases. Nonischemic conditions 
include systolic heart failure, defined by left ventricular 
ejection fraction < 35% (Ischemic and dilated cardiomyopathy, 
valvular heart disease, and hypertensive heart disease); 
intractable arrhythmia uncontrolled with implantable 
cardioverter-defibrillator; and hypertrophic cardiomyopathy 
with persistent heart failure despite valve replacement, pace-
maker, or medical therapy.

There are a few absolute contraindications to cardiac 
transplantation. Fixed pulmonary hypertension or any sys-
temic illness that will limit survival despite heart transplant, 

such as high-grade neoplasm, AIDS, multisystem or active 
systemic lupus erythematosus or sarcoid preclude transplan-
tation. HIV infection has been considered to be an absolute 
contraindication to transplant, primarily due to concerns 
about the increased frequency of infectious and malignant 
complications and the previously poor survival of such 
patients. The prognosis of HIV has changed since the advent 
of highly active antiretroviral therapy (HAART), and guide-
lines are being amended so that HIV infection itself is not a 
sufficient reason to refuse heart transplantation [68]. Age 
greater than 70 years was an absolute contraindication in 
previous guidelines, but the ISHLT has recently modified 
their recommendations in 2006 to state that “carefully 
selected patients > 70 years of age may be considered for car-
diac transplantation. For centers considering these patients, 
the use of an alternate-type program (i.e., use of older donors) 
may be pursued.” [63] The guidelines regarding neoplasm 
were also modified, with new consideration being given to 
tumors with low recurrence rate, response to therapy, and 
negative metastatic workup.

Criteria for Transplantation

In general, the most objective assessment of functional 
capacity in patients with heart failure, and what may be the 
best predictor of when to list a patient for transplantation, is 
measurement of peak oxygen consumption (VO

2
max). This 

can be measured using exercise testing with ventilatory gas 
analysis. Several studies have demonstrated that peak VO

2
 

independently predicted mortality, which is highest for 
patients with values <10  mL/kg/min, and significantly 
improved if between 10 and 15 mL/kg/min [69–71].

Although peak VO
2
 is an important factor used to guide the 

selection of heart transplant candidates, it does not provide an 
optimal risk profile. One model that has been validated pro-
spectively is the Heart Failure Survival Score (HFSS), derived 
from a multivariable analysis of 268 patients referred for con-
sideration of cardiac transplantation form 1986–1993 at one 
institution and validated in 199 similar patients from 1993 to 
1995 at another institution. It incorporated noninvasive 
parameters, including the following seven variables and their 
pathophysiological constructs: presence or absence of coro-
nary artery disease (myocardial ischemia), resting heart rate 
(activation of sympathetic nervous system), left ventricular 
ejection fraction (the degree of systolic dysfunction), mean 
arterial blood pressure, presence or absence of intraventricu-
lar conduction defect on baseline ECG (the extent of myocar-
dial fibrosis), serum sodium (the degree of activation of the 
renin–angiotensin system), and peak VO

2
 [72].

The Seattle Heart Failure Model is another model that, 
in contrast to the HFSS, incorporated the impact of newer 
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heart failure therapies on survival, including ICDs 
(implantable cardioverter-defibrillators) and CRT (cardiac 
resynchronization therapy) [73].

Immunosuppression

As with other organs, there is no general consensus regarding 
a preferred immunosuppressive protocol in this age group. 
Treatment with mycophenolate mofetil/mycophenolic acid, a 
purine analog, has been shown to reduce the rate of rejection 
and improve survival, but it did have a higher incidence of 
nonfatal, opportunistic infections as compared with azathio-
prine therapy [74]. The two most common regimens in 1997, 
which was used for 75% of transplant recipients, consisted of 
cyclosporine with mycophenolate mofetil/mycophenolic acid 
or another antimetabolite and steroids. Over the years, these 
combinations have evolved to be predominantly tacrolimus, 
mycophenolate mofetil/mycophenolic acid, and steroids (49% 
of transplant recipients), and to a lesser extent cyclosporine, 
mycophenolate mofetil/mycophenolic acid, and steroids (29% 
of transplant recipients). At 1-year posttransplantation, triple 
drug therapy remains the predominant drug regimen [1].

The ideal immunosuppressive regimen will prevent cel-
lular rejection, have no associated morbidity with respect to 
opportunistic infections, have no nephrotoxicity, and pre-
clude the development of coronary allograft vasculopathy, 
which affects 50% of patients at 5 years. This immunosup-
pressive therapy used to prevent rejection predisposes 
patients to infection, which continues to be the leading cause 
of death in the year after cardiac transplantation [58].

A notable trend over the past 10 years has been the declin-
ing number of recipients who needed treatment for rejection 
episodes in the first year after heart transplantation, decreas-
ing from 36% in 1996 to 25% in 2005. This could reflect the 
improved efficacy of newer immunosuppression medication 
and regimens, as well as earlier recognition and prompt 
treatment [1].

Results

Multiple studies have demonstrated comparable survival rates 
in elderly cardiac transplant recipients compared to younger 
recipients [59–62, 75–78]. Included in this is a multi-institu-
tional study of the UNOS database where it was found that 
there was a satisfactory but lower 5-year survival between 
elderly (>60 years) and young (18–59 years) recipients 
(69%  vs. 75%, respectively). The elderly group, however, 
had more infections, renal failure, and longer postoperative 
length of stay and were at increased risk of malignancy [62]. 

One retrospective study showed no statistically significant 
difference in 1- and 4-year survival (1-year survival: 93.3% 
vs. 88.3%; 4-year survival: 73.5% vs. 69.1%), length of 
intensive-care unit stay, incidence of rejection, and incidence 
of cytomegalovirus infection between patients over the age of 
70 and younger patients [59]. A 10-year follow-up of cardiac 
transplant recipients >65 years of age (n = 66) demonstrated 
survival rates comparable to those of younger patients (<60 
years: n = 679; 60–64 years: n = 137) [60].

The adjusted graft survival for recipients over the age of 65 
at 3 months (90%), 1 year (85%), 5 years (66%), and 10 years 
(44%) were all found to be comparable within a few percent-
age points to various younger age groups (Fig. 98.5) [1].

The increased risk of renal failure has been consistent in 
various studies over the years and may be attributed to the 
already known preexisting renal disease in elderly, as sug-
gested by elevated preoperative creatinine. Another consid-
eration is the nephrotoxic effects of immunosuppression. 
Tailoring therapy for the elderly may be beneficial, and some 
data support minimizing the use of calcineurin inhibitors and 
azathioprine in exchange for using mycophenolate mofetil 
and mammalian target of rapamycin inhibitors (mTOR 
inhibitors, sirolimus) [79].

Transplant patients have been the subject of extensive 
investigation into the increased risk of malignancy, espe-
cially in the elderly. Increased age has been independently 
associated with increased risk of malignancy in nontrans-
planted controls, and heart transplant recipients have been 
shown to have a 7.1-fold increase in incidence of malignancy 
[80]. Among all solid-organ transplant recipients, skin 
cancer is the most common malignancy. Heart and/or lung 
transplant recipients have a 26.2-, 21-, and 9.3-fold increased 
risk of developing lymphoproliferative disorders, head and 
neck cancer, and lung cancer, respectively. Malignancy does 
not necessarily shorten survival in older recipients, but one 
may surmise that it does affect quality of life [75].

The demand for heart transplantations is unlikely to ever 
be fully met, and more resources are needed to slow down 
the progression of heart failure and prevent the need for 
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transplant surgery in the first place. As ventricular assist 
device technology improves, it may be used to complement 
heart transplantation to avoid immunosuppression and its 
side effect of malignancy in older patients with advanced 
heart failure.

Lung Transplantation

Lung transplantation should be considered for patients with 
advanced lung disease whose clinical status has progressively 
worsened despite optimal medical or surgical therapy.

One thousand four hundred sixty-five lung transplants from 
deceased donors were performed in the United States in 2007, 
increased from 840 in 1998 and 941 in 2000. Of these, 223 
were for recipients over the age of 65, representing 15% of all 
lung transplant recipients and dramatically increased from 30 
(3.6%) in 1998 and 30 (3.2%) in 2000. The percentage of 
patients 50–64 years of age receiving lung transplants has not 
changed substantially over the past few years, with 54% of 
deceased-donor lungs going to these patients in 2007, up 
slightly from 48% in 1997. The most recent data list 1,005 
active patients on the waiting list, with 91 (9%) being over the 
age of 65. The median time to transplant in this elderly group 
is 57 days. Donor lung shortage has been the major limiting 
factor to the number of lung transplants performed. The pro-
curement rate of lung from deceased donors has consistently 
been lower than those for kidney, liver, and heart. While kid-
neys and livers are harvested from more than 85% of all 
cadaveric donors, and hearts from 30% of deceased donors, 
lungs are harvested from only 15% of all cadaveric donors [1]. 
This discrepancy may be attributed to the lung’s vulnerability 
to potential complications that arise before and after donor 
death such as aspiration, pneumonia, ventilator-associated 
lung injury, and neurogenic pulmonary edema. Over the past 
several years, the number of single lung transplants performed 
annually in the United States has remained stable, while the 
number of bilateral transplants has consistently increased and 
even surpassed the number of single lung procedures [81].

The most common indications for lung transplantation, 
accounting for 85% of procedures worldwide, are advanced 
chronic obstructive pulmonary disease (COPD), idiopathic 
pulmonary fibrosis, cystic fibrosis, emphysema due to alpha-1 
antitrypsin deficiency, and idiopathic pulmonary arterial 
hypertension. Survival benefit has been demonstrated for 
both single and double lung transplants in patients with cys-
tic fibrosis, pulmonary fibrosis, and primary pulmonary 
hypertension. There have been less convincing and reproduc-
ible results regarding the benefit of transplantation in patients 
with emphysema or Eisenmenger’s syndrome [82, 83].

Absolute contraindications for lung transplantation include 
malignancy within the last 2 years (excluding cutaneous 
squamous and basal cell tumors); significant chest wall 

deformity; noncurable chronic extrapulmonary infection 
(active Hepatitis B,C, HIV); untreatable advanced dysfunc-
tion of another major organ (e.g., heart, liver, kidney); known 
noncompliance or inability to follow medical regimen, espe-
cially if related to an untreatable psychiatric or psychological 
condition; absence of a consistent or reliable social support 
system; and substance addiction within the last 6 months 
[84]. Coronary artery disease not amenable to percutaneous 
intervention or bypass grafting, or associated with significant 
impairment of left ventricular function, is an absolute con-
traindication to lung transplantation, but heart–lung trans-
plantation could be considered in highly selected cases.

Relative contraindications to lung transplantation include: 
Age older than 65 years; critical or unstable clinical condi-
tion; severely limited functional status with poor rehabilita-
tion potential; colonization with highly resistant or virulent 
bacteria, fungi, or mycobacteria; severe obesity (Body Mass 
Index exceeding 30 kg/m2); severe or symptomatic osteopo-
rosis; and poorly controlled or managed medical conditions 
(diabetes mellitus, systemic hypertension) [81].

Immunosuppression

As with other organ transplantation, induction therapy has 
become a major part of the immunosuppression regimen with 
lung transplantation. Induction therapy was used in the first 
5–7 days after transplantation for 57% of all lung transplants 
performed in 2006, up from only 22% of lung transplants in 
1997. Among the most common were antilymphocyte anti-
bodies (antithymocite globulin or OKT3) or monoclonal IL-2 
receptor antagonists (basiliximab or daclizumab). Baseline 
therapy prior to discharge at most centers included corticos-
teroids, calcineurin inhibitor (tacrolimus 83%, cyclosporine), 
and an antimetabolite (azathioprine 39% or mycophenolate 
mofetil 52%). Maintenance immunosuppression adminis-
tered for the first year following transplantation was essen-
tially the same. Steroids are typically tapered to a low dosage 
or even discontinued in some protocols. Acute rejection 
within the first year was treated most commonly with corti-
costeroids, used in 95% of acute rejection cases [85, 86].

Despite the multitude of medications available, no drug 
has been found to be consistently superior in delaying rejec-
tion or bronchiolitis obliterans or in prolonging long-term sur-
vival. Protocols vary widely between lung transplant centers

Results

The adjusted graft survival for recipients over the age of 65 
at 3 months (92%), 1 year (79%), 5 years (42%), and 10 years 
(13%) are all comparable within a few percentage points to 
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various younger age groups (Fig.  98.6) [1]. The average 
death rate in the first year after transplantation decreased 
steadily from 290 per 1,000 patient-years at risk in 1997 to 
169 deaths per 1,000 patient-years at risk in 2004, a 10-year 
low. According to the 2007 ISHLT Registry report, the 
median survival for all adult recipients is 5 years, but bilat-
eral lung recipients have a better median survival than single 
lung recipients (5.9 vs. 4.4 years, respectively) [78]. It is not 
delineated if this survival advantage is related to the underly-
ing patient characteristics or choice of operation. The impact 
of underlying diagnosis on survival after lung transplantation 
has often been linked to age, with older recipients having a 
significantly shorter survival than younger ones. Recipients 
with COPD have the best 1-year survival, but a lower 10-year 
survival when compared to those with cystic fibrosis and 
alpha-1 antitrypsin deficiency. In contrast, patients with idio-
pathic pulmonary arterial hypertension have the lowest 
1-year survival, but their 10-year survival approaches those 
with cystic fibrosis and alpha-1 antitrypsin deficiency [87].

This data is significantly different when evaluating 
patients over the age of 70. An analysis of UNOS data of 
lung transplants from 1999 to 2006 showed that patients 70 
years and older had substantially increased risks of 30-, 
90-day, and 1-year mortality when compared to younger 
groups. The authors’ recommendation was that lung 
transplantation may be used with caution in older patients 
over the age of 60, but should not be performed in patients 
older than age 70 [88].

Management strategies have been more effective at reduc-
ing early complications than later ones, which may be due to 
refinements in surgical technique and postoperative care. 
However, beyond the first year of transplantation, survival is 
mostly affected by infections and chronic rejection, and the 
incidence of these complications has not changed substan-
tially since 1988 [84].

The leading cause of death in the first 30 days after lung 
transplantation is graft failure, a form of Acute Respiratory 
Distress Syndrome (ARDS), accounting for almost 30% of 
deaths [78]. The leading cause of mortality after the first 
year, typically accounting for 40% of deaths, is chronic 

allograft rejection (e.g., chronic graft dysfunction), which 
usually manifests as bronchiolitis obliterans syndrome (BOS) 
[89]. Survival 3 years after the onset of BOS is only 50% and 
drops to 30–40% at 5 years [90].

Infectious complications remain a leading cause of rejec-
tion and death at any point after lung transplantation, in any 
age group. It has been attributable to up to 35% of deaths in the 
first year and 20% of deaths thereafter. Bacterial bronchitis and 
pneumonia are most common, but cytomegalovirus, mycobac-
teria, fungi, and community-acquired respiratory viruses all 
contribute to morbidity and mortality [84, 87].

Malignancy accounts for 7–10% of deaths beyond the 
first year after lung transplantation. Nonmelanoma skin can-
cer is most common overall, but posttransplant lymphopro-
liferative disease (PTLD) is the most common malignancy in 
the first year after transplant [78]. Other malignancies 
include colon, breast, Kaposi’s sarcoma, and transitional 
cell carcinoma of the bladder [91].

Combined Organ Transplantation

Often times, there are patients with multiple organ failure that 
may benefit from dual organ transplantation. Examples 
include kidney–pancreas and heart–lung. While there has 
been success with these combined organ transplantations 
over the years, its use has been limited in the elderly popula-
tion. From 1998 to 2007, there were a total of 14 kidney–
pancreas transplants in patients over the age of 65, while none 
were reported for heart–lung for a patient over the age of 65 
[1]. As with individual organs, the overall risk–benefit of the 
surgery needs to be weighed, considering the overall health 
of the patient and potential survival benefits of transplanta-
tion. While age is often considered a significant factor in 
determining candidacy, it should not be the limiting factor.

Conclusion

The elderly population is on the rise in this country, and older 
patients comprise the fastest growing segment of the popula-
tion. This trend is mirrored in the transplantation population. 
The discipline of organ transplantation has grown remarkably 
over the last half-century and has evolved from infrequent, 
highly dangerous procedures with very high mortality to 
complex operations performed regularly across the country 
and world. Data from centers across the country clearly indi-
cate that patients over the age of 65 can undergo kidney, 
liver, heart, or lung transplantation with excellent results 
(Fig. 98.7). The limiting factor, however, is the shortage of 
organs and excess of patients on the waiting list; which raises 
many ethical and social concerns regarding transplanting 
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healthy organs into older patients who may not have as much 
of a survival benefit as a younger patient. Although the allo-
cation of organs according to age may be a simple approach 
to satisfying the goal of social justice, the inclusion of patient 
comorbidity and potential for survival benefit in the elderly 
must also be considered.

Kidney and liver transplantation has been successfully 
performed and results substantiated in patients over the age of 
70. The results depend on the selectivity used to identify those 
elderly candidates on the waiting list for transplant. Cardiac 
and lung transplants have shown some promising results in 
patients over the age of 65, but not over the age of 70. It is 
important to note that with cardiac and lung transplantation, 
there is a slight discrepancy with the proportion of elderly 
patients on the waiting list and with overall survival rates. 
This is likely due to patient selection more than the overall 
results. This patient population is a highly selective group of 
elderly patients with cardiac and lung disease, who are often 
not placed on the waiting list until they worsen clinically. All 
things being equal, discrimination against older candidates 
for organ transplantation on age-related grounds alone is not 
warranted. Despite potential utilitarian gains to be made lim-
iting transplantation in the elderly recipients, the sense of 
fairness in the system will be harmed. Elderly patients who 
are healthy will be the ones who suffer. Older patients already 
face huge hurdles to get on the waiting list for transplantation, 
and they are already such a small number. There already is 
enough discrimination against the elderly, and we ought not 
to add to that injustice by further limiting their access.
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Aortic compliance, cardiac afterload in elderly patients and, 622
Aortic impedance, cardiac afterload in elderly patients and, 621
Aortic regurgitation

aortic valve disease in elderly patients, 628
in elderly patients, therapeutic guidelines, 657

Aortotomy, chronic arterial mesenteric ischemia, surgical techniques, 
830

Aperistalsis, achalasia, 738
Apical defects, pelvic organ prolapse

abdominal approach to, 1094
vaginal approach to, 1090, 1091

Aplastic anemia, 73
Apolipoprotein E (ApoE)

in centenerian surgical patients, 214
epsilon alleles, longevity genetics and, 217

Appendicits in elderly patients
diagnosis, 868–869
epidemiology, 868
etiology, 867–868
symptoms, 868–869
treatment and outcomes, 869–871

Arc of Riolan, ischemic bowel disorders and, 821
Arcus tendineus fascia pelvis, circumferential support of vagina and 

uterus, 1090, 1091
Arterial blood gas (ABG), 1278
Arteriovenous malformations, lower gastrointestinal bleeding  

in the elderly, 808
Arthroscopy, soft tissue and musculoskeletal disease, 1199
Articular cartilage

arthritis, 1213
autologous chondrocyte implantation, 1215, 1216
chondroitin, 1213
clinical management of, 1215
composition of, 1211, 1212
histopathology of, osteoarthritis, 1213, 1214
OATS procedure, 1215
structure of, 1212, 1213

Ascites, wound healing, 123
Aspiration, esophageal physiology in elderly and, 711–712
Aspiration pneumonia, 505–506, 539
Aspirin (ASA), 76
Assessing Care of Vulnerable Elders (ACOVE), 174, 198, 255
Assessment of Cognitive Function (ACF), 224
Association of Directors of Geriatric Academic Programs (ADGAP), 191
Asymptomatic gallstones, natural history, 947–948
Atherosclerosis

cardiac surgery in elderly patients, risk reduction strategies, 654
cerebrovascular disease risk and, 683
chronic arterial mesenteric ischemia risk and, 823
prior coronary artery disease, 643
risk factors for, in elderly patients, 635–644

age-related risk, 643
gender, 643
obesity, 642
physical inactivity, 642–643
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Atherosclerotic disease, 674
Atherosclerotic plaque, 674–675
Atherothrombotic brain infarction

hypertension risk and, 637–638
left ventricular hypertrophy and risk of, 637–638
prior disease as risk factor, 643
smoking as risk factor, 636

Atrophic vaginitis, 1086–1087
Atypical fibroxanthoma, pathophysiology and treatment, 1238
Atypical lipomatous tumors (ALT), 1248
Auditory nerve

anatomy of, 529
presbycusis and morphology of, 529–530

Autoimmune hemolytic anemia, 74
Autonomy, limits of ethical issues concerning, 185–186
Axillary dissection, elderly breast cancer patients, 485
Azathioprine (AZA), kidney transplant patients, immune suppression, 

1339

B
Bacillus Calmette-Guérin, transitional cell carcinoma therapy, 

1059–1060
Back pain in elderly

degenerative disc disease, 1175–1176
mechanisms of, 1166–1167

Barium enema, colorectal cancer screening, 894–895
Barium esophagram, 60, 61
Barium swallow, 542
Barrett’s esophagus

esophageal cancer in elderly, 750
gastroesophageal reflux disease (GERD) in elderly, 730–731

Bartholin’s cyst, in vulva of elderly women, 1085
Basal cell carcinoma (BCC), 1233–1235
Basal electrical rhythm (BER), gastric emptying, age-related changes 

in, 715
b-blockers, hypertension management, 637
Behavioral Risk Factor Surveillance System (BRFSS), 893
Behavioral therapy, urinary incontinence

in elderly men, 1047
in elderly women, 1044

Benign breast disease, elderly women and men
benign breast calcifications, 477
breast physiologic changes, 469–470
cystic disease, 475, 476
ductal ectasia, 475
fibroadenoma, 476
gynecomastia

classification, 470
etiology, 470–471
treatment, 472–473

hormone replacement therapy and mammographic findings, 477
perimenopausal benign breast disease, mastalgia and nodular 

breasts
breast pain classification, 473–474
HRT, 474
hypothyroidism, 474
mastalgia issues, 474–475
menopause, 473
Mondor’s disease, 474
Tietze’s syndrome, 474

unilateral tender mass, case, 473
Benign paroxysmal positional vertigo (BPPV), 531–532
Benign prostatic hyperplasia (BPH)

diagnostic evaluation, 1072–1073
epidemiology, 1071

pathophysiology, 1071–1072
surgical management of, 1073–1075
terminology, 1071
urinary incontinence in elderly men, 1045–1048

Benign tumors
myoepitheliomas, 580
oncocytomas, 580
papillary cystadenoma lymphomatosum, 580
pleomorphic adenoma, 580

Best-interest standard, decision-making for incapacitated patients, 
183–185

Bevacizumab, 46
Bicarbonate secretion, benign stomach disease and, 764
Bile

gallstone pathogenesis and, 935–936
triangular coordinates of, 933

Bile duct
adenomas, liver involvement in, 1010–1011
cholangiocarcinoma, 973–982

adjuvant therapy, 981–982
diagnosis, 974–976
etiology and associated disease, 973–974
incidence in elderly, 973
palliative therapy, 976–977
resectability assessment, 976
staging and classification, 974, 975
surgical resection, 977–981
survival rates, 978

choledocholithiasis, 954
proliferation of, in elderly, 933–934

Biliary decompression, periampullary carcinoma, preoperative 
preparation, 992

Biliary function
age-related changes in, 720–722
anatomy of, 934
in elderly patients, 935
physiology of, 934–935

Biliary microlithiasis, 936
Biliary tract disease, 237, 945
Bimodal distribution, inflammatory bowel disease (IBD), 838
Biochemical markers, 92–95
Biofeedback therapy, urinary incontinence management

in elderly men, 1047
in elderly women, 1044

Biomechanics, spinal disorders in elderly, 1165–1166
Biopsy, cervical cancer, 1104–1105
Bird’s beak deformity, 60, 61, 884
Bladder

advanced cancer of, multimodality therapy, 1062–1063
compliance, pathophysiology in elderly women, 1042–1043
diverticular diseases involvement of, 866
outlet obstruction, urinary incontinence, 1041–1042
transitional cell carcinoma, 1056–1063

diagnosis, 1057
intravesical therapy, 1059–1060
locally advanced form, 1060–1062
muscle-invasive form, 1060
natural history, 1057–1058
superficial form, 1058–1059

Bladder catheterization, 194
Blood pressure

afterload, 621–622
preload in elderly patients, 622–623

Blood products and transfusions, 80
Blood urea nitrogen (BUN), renal function in elderly and, 1027
B lymphocytes, 50–52
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Body composition
body fat, 89
energy requirement, 89
lean body mass, 88–89

Body mass index (BMI), 274
Body weight, in centenarian surgical patients, 215
Bone

age-related trabecular bone loss, 1201, 1202
anabolic agents, 1207
antiresorptive agents, 1206–1207
appendicular fractures, 1201, 1203
BMD, 1204–1206
bone mass changes, 1202, 1203
calcitonin, 1207
calcium homeostasis, 1204
calcium supplementation, 1206
cancellous, 1203–1204
characteristics, 1201, 1202
estrogen replacement, 1207
osteoporosis, 1206
remodeling (see Bone remodeling)
SERM, 1207
vitamin D supplementation, 1206

Bone remodeling, age-related changes, 1204
Bony labyrinth, 527
Bowel incontinence, in elderly women, 1095–1096
Bowel preparation

colorectal cancer surgery, 899
Crohn’s disease (CD) surgery, 843

Bowen’s disease
pathophysiology and treatment, 1230
squamous cell carcinoma risk and, 1231

Brachytherapy, squamous cell carcinomas of the head and neck 
(SCCHNs) therapy, 566

Brain abscess, 1144
Brain death

donor management
cardiac donor evaluation, 1323
glomerulosclerosis, 1323
hemodynamic stability, 1323
ischemia, 1323
lung, 1324

OPO, 1322
symptoms of, 1323
Uniform Determination of Death Act, 1322

Brain edema, 1331
Brain morphology, in centenarian surgical patients, 215
Brain tumors

case study, 1162
chemotherapy

BCNU, 1158
CCNU, 1158
interstitial, 1159
malignant glioma, 1159–1160
RPA model, 1159
temozolomide, 1158–1159

corticosteroids, 1160
diagnosis, 1155
epidemiology and prognosis

glioma, 1151
meningioma, 1151–1152
primary central nervous system lymphoma, 1152

genetics
glioma, 1153, 1154
lymphoma, 1154
meningioma, 1153–1154

metastatic
radiation, 1161
surgery, 1160–1161

radiation therapy, 1157–1158
risk factors, 1152–1153
surgery

age, 1156
biopsy and resection, 1156
five-level grading system, 1157
KPS, 1156
survival rates, 1156

symptoms, 1154–1155
Breast cancer

in elderly women
epidemiology, 480
healthy and frail patients, 488–489
local therapy, 482–485

axillary dissection, 485
breast-conserving surgery, 483–484
mastectomy, 482–483
sentinel lymph node biopsy, 484–486

patterns of care, 488
primary endocrine therapy, 486
screening, 479–482
cost-effectiveness, 481
lack of awareness, 482
mammography, 482
non-randomized trial, 481
sentinel lymph node biopsy, 484–485
systemic therapy, 486–488

metastases of, ovarian cancer and, 1110
Breast-conserving surgery, in elderly breast cancer patients, 483–484
Breathing control, age-related changes in, 598
Bronchoscopy, esophageal cancer in elderly, 751
Brush border enzymes, small intestine, age-related changes in, 719
Bypass surgery

chronic arterial mesenteric ischemia, 828–829
coronary artery bypass graft (CABG)

abdominal aortic aneurysms, 693
technique in elderly patients, 656

Crohn’s disease (CD), 844–845

C
Cachexia, nutrition, 99
Calcitonin, bone remodeling, 1207
Calcitonin gene-related peptide (CGRP), 765
Calcium, 98

gallstone pathogenesis, 935–936
homeostasis, 1204
hyperparathyroidism, 940
osteoporosis, 1204–1205
pigment gallstone pathogenesis and, 937
vitamin D and aging, 98

Calcium channel blockers, 739
Calorie restriction, 100
Cambridge Neuropsychological Test Automated Battery (CANTAB), 

224
Campbell de Morgan spots. See Cherry hemangioma, pathophysiology 

and treatment
Cancellous bone, aging effects on bone mass, 1203–1204
Cancer

ARF gene, 26
biologic interactions

carcinogenesis, 41
tumor growth, 42
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consequences and treatment, 41
DNA damage and senescent markers, 24–25
epidemiology

aging, 39
behavior, 40–41
clinical presentation, 40
epidemics, 39–40
incidence 39, 40
multiple malignancies, 40
prevalence, 39

Mdm2 regulation, 26
p53 function, 25
prevention

chemoprevention, 42–43
screening and early detection, 43

treatment
clinical assessment, 43–44
cytotoxic chemotherapy, 45–46
hormonal therapy, 44–45
risk benefit ratio, 43
targeted therapy, 46

tumorigenic transformation, 24
tumor suppressor function, 25

Candida albicans, 546
Candidiasis, 507–509
Carbon monoxide diffusing capacity (DLCO)

in elderly patients, 602
lung cancer assessment, 605

Carcinoembryonic antigen (CEA)
cholangiocarcinoma, 975
colon cancer, 898

Carcinogenesis
aging and, 41–42
in lung cancer, mechanisms, 41

Carcinosarcomas, uterine cancer, 1108
Cardiac complications

congestive heart failure, 369
dysrhythmias, 368–369
myocardial ischemia and infarction

ASA, 367
beta (b) adrenergic-blockers, 368
perioperative myocardial infarctions, 367–368
perioperative reinfarction rate, 367
postoperative cardiovascular complications, 367

Cardiac function
age-related physiological changes, 621–629

afterload, 621–622
contractility, 623–624
diastolic function, 624–625

Cardiac risk stratification, kidney transplant patients, 1336
Cardiac surgery, 649–650
Cardiogenic shock, nonocclusive mesenteric ischemia (NOMI)  

and, 823
Cardiopulmonary resuscitation (CPR), 206
Cardiovascular assessment

algorithm, 280–281, 286
clinical predictors, 280
surgical procedure, 280, 281

Cardiovascular disease
in elderly patients and cardiac surgery risk and, 649
oral cavity, 502–503

Cardiovascular function, age-related physiological changes,  
625–626

Cardiovascular illness, commentary and analysis, 619–620
Care of injured elderly

altered physiology and co-morbidities, 391–392

epidemiology of injury
burns, 397
elder abuse, 397
falls (see Falls)
motor vehicle collision, 396
pedestrian-motor vehicle collision, 396–397
suicide, 397–398

injured elderly, 391, 392
management

initial management and resuscitation,  
398, 399

triage, 398
senescence and consequences influences, co-morbid diseases

cardiovascular, 393
central nervous system, 392–393
gastrointestinal, 394–395
metabolic/endocrine, 395
musculoskeletal, 394
pulmonary, 393–394
renal disease, 394

specific injuries, management considerations
abdomen/pelvis injuries, 402
burns, 403
end of life/withdrawal of care, 404
fractures, 402–403
head injuries, 399–400
long-term outcome, 403
prevention, 403–404
rehabilitation, 403
spinal injuries, 400
thoracic injuries, 400–402

Carotid arteries, tortuosity of, in aging patients, 682–683
Carotid atherosclerosis, 675
Carotid endarterectomy

cerebrovascular disease
asymptomatic patients, 680–682
symptomatic patients, 678–680

Carotid endarterectomy (CEA), 226
Cataracts

elderly patients, 514–515
retinal detachment and surgery for, 519

Catecholamines, 393, 458
Catheter-associated urinary tract infection (CAUTI), 255
CD4+ T-helper cells, age-related changes, 49–50
Cecal volvulus, incidence and treatment, 884
Celiac axis

acute mesenteric ischemia, 822
chronic arterial mesenteric ischemia, surgical techniques, 826
ischemic bowel disorders and, 829
pancreatic cancer staging, 991

Cell death, aging, 14–15
Cellular components, bone remodeling and, 1204
Cellular immune response, cardiac surgery patients, evaluation  

of in elderly patients, 650
Cellular senescence

age, 21
cell culture, 21
p53 and p16 pathways, 22–23
population doublings, 21–22
retinoblastoma and p53 tumor suppressor genes, 22
self-renewal, stem cell, 24
senescence-associated beta-galactosidase activity, 23
skin and fetal lung fibroblast, 21
stress-induced premature senescence, 22
telomere shortening, 23–24
See also Cancer
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Centenarians, surgery in
age and sex, 211, 212
case studies, 214
historical background

clinical operation, 212–213
inguinal hernia, 211
mortality rate, 212

longevity determinants, 216–217
pathology in, 215–216
physiologic changes in, 214–215
preoperative preparation, 219
selective survival hypothesis, 217–218
supercentenarians, 218

Center for Medicare and Medicaid Services (CMS),  
173, 254, 346

Central auditory processing, 529–530
Central nervous system (CNS)

presbycusis and morphology of, 529–530
infections

brain abscesses, 1144
epidural abscesses, 1143–1144
intraventricular, 1144–1145
lumbar puncture, 1145
meningitis, 1143
subdural empyemas, 1144

Central venous catheters (CVC), 79
Cerebral infarction, 673
Cerebrovascular accident (CVA)

carotid artery disease, 679
carotid artery tortuosity, 682–683
diagnosis, 676–678
elderly patients, 512–513

Cervical myelopathy, pathophysiology and management of, 1167
Cervical spine degeneration

pathophysiology, 1167
trauma-related factors, 1182–1184

Cervicitis, pathophysiology and management of, 1086
Cervix

benign disease in elderly women, 1086
cancer of, pathophysiology and management, 1104–1106

Chagas disease, colonic volvulus and, 883
Chemosensation, age-related changes in, 535
Chemotherapy

advanced transitional cell carcinoma therapy, 1062
age, 45
basal cell carcinoma, 1234
BCNU, 1158
cardiotoxicity, 45
CCNU, 1158
chemopreventative substances, 42
cholangiocarcinoma, 981–982
colorectal cancer, 902
complications, 45
esophageal cancer in elderly, 758
fallopian tube cancer, 1108
finasteride, 42
gallbladder cancer, 972–973
hepatocellular carcinoma (HCC), 1014
interstitial, 1159
malignant glioma, 1159–1160
mucositis, 45
NCCN guidelines, 45–46
ovarian cancer, 1110
peripheral neuropathy, 45
retinoids, 42
RPA model, 1159

squamous cell carcinomas of the head and neck (SCCHNs) risk 
and, 563

statins, 43
tamoxifen and raloxifen, 42
temozolomide, 1158–1159
transitional cell carcinoma, 1059–1060
uterine cancer management, 1107–1108
Vioxx, 43

Chenodeoxycholic acid (CDCA), chronic cholecystitis management, 951
Cherry hemangioma (Campbell de Morgan spots), pathophysiology 

and treatment, 1227
Chest pain, gastroesophageal reflux disease (GERD) diagnosis, 732
Chest wall, age-related changes in, 598
Chief cells, 763
Chief Resident Immersion Training (CRIT), 191
Cholangiocarcinoma

adjuvant therapy, 981–982
diagnosis

biopsy/cytology, 976
clinical presentation, 974
laboratory testing, 975
radiological evaluation, 975–976

etiology and associated disease, 973–974
incidence in elderly, 973
palliative therapy, 979–980

nonoperative palliation, 976–977
operative palliation, 977, 978

resectability assessment, 976
staging and classification, 974, 975
surgical resection

of Bismuth type IIIb, 978, 979
in elderly patients, 977, 978
management of, 980–981

survival rates, 978
Cholangiography, cholangiocarcinoma assessment, 976
Cholangitis, 237
Cholecystectomy

acute cholecystitis management, 951–952
chronic cholecystitis management, 948–951
gallbladder cancer therapy, 969–971
gallstones, in diabetic patients, 948
hepatobiliary system in elderly and, 929

Cholecystitis
acute, symptoms and management of, 951–952
chronic, symptoms and management of, 948–951
emphysematous cholecystitis, 953

Cholecystokinin (CCK), 764
acalculous cholecystitis, 955
biliary physiology and, 934–935
exocrine pancreas physiology, 939
gallstone pathogenesis and, 937, 946–947
hepatic physiology, 933

Choledochal cysts, cholangiocarcinoma risk and, 974
Choledocholithiasis

clinical presentation, 954
incidence, 954
management of, 955
treatment, 954

Choledochotomy, choledocholithiasis management, 955
Cholelithiasis

classification, 946
incidence and epidemiology, 945–946
pathogenesis

cholesterol stones, 946–947
pigmented stones, 947

See also Gallstones
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Cholescintigraphy, acute cholecystitis diagnosis, 952
Cholesterol

cerebrovascular disease risk and, 673
hepatic production of, 933
hypersecretion, pathogenesis of, 946
solubility characteristics, 933

Cholesterol gallstones
characteristics, 946
pathogenesis, 936–937, 946–947

Cholinolytic drugs
urinary incontinence management, in elderly men, 1046–1047
urinary incontinence management, in elderly women, 1043–1044

Chondrodermatitis nodularis helicis (CNH), pathophysiology  
and treatment, 1226–1227

Chromosomes deletion fragments, colorectal cancer and, 892
Chronic arterial mesenteric ischemia, pathophysiology and treatment, 

826–830
Chronic cholecystitis, symptomatic gallstones, 949
Chronic obstructive pulmonary disease (COPD), 692
Chronic occlusive disease, 667
Chronic renal failure (CRF), 447–449
Chronic visceral ischemia, 669–670
Chronologic age, 144
Circle of Willis, cerebrovascular disease pathophysiology and, 676
Cisapride, gastroesophageal reflux disease (GERD) therapy, 732
Clark and Breslow classification system, malignant melanoma, 1236
Clinical presentation

aneurysm, 690–692
colorectal cancer, 897
esophageal cancer in elderly, 747–748
gallbladder cancer, 969
pancreatic cancer, 988–989

laboratory diagnostic test, 989
patients history, 988–989
physical examination, 989

Clopidogrel (Plavix), 76
Clostridium difficile associated diarrhea (CDAD), 355
Clostridium difficle, 204
Coagulation, wound healing, 107, 110–112
Cochlea, anatomy and physiology of, 527–529
Cochlear conductive presbycusis, pathophysiology of, 530
Cochlear duct, 527
Cockroft-Gault formula, renal function in elderly patients,  

1026–1027
Cognitive assessment

delirium, 276–277
dementia, 276
depressive symptoms, 277

Cognitive function
cardiac surgery in elderly patients, risk reduction strategies, 655

Cognitive impairment, POCD
age, 1128
Alzheimer’s disease (see Alzheimer’s disease)
anesthesia, 1129
definition of, 1128
etiology of, 1129
pre-surgical concerns, 1130–1131
prevalence of, 1128
rehabilitation, 1129

Cohort studies, in centenarian surgical patients, 214–215
Colectomy, 244, 245
Colitis

Crohn’s disease (CD) and, surgical considerations
colonic disease, 840
diffuse colitis, 847
gastric and duodenal disease, 845–846

ilececal disease, 846
jejunoileal disease, 846
localized colitis, 846
perianal colitis, 847–848

fulminant colitis, emergency surgery for, 31–32
ulcerative colitis (UC)

bimodal distribution, 838
differential diagnosis, 839–840
epidemology, 837–838
incidence in elderly, 838
lower gastrointestinal bleeding in elderly and, 808
presentation and natural history, 823–824
surgical therapy
elective surgery indications, 840–841
emergency surgery, 841–842

Collagen deposition, 113
Collagen vascular disease, diverticular disease and, 858
Collateral circulation, ischemic bowel disorders and, 821
Colon

age-related changes, 722–723
Colon cancer

anorectum, age-related changes in, 724–725
Crohn’s disease (CD) and risk of, elective surgery and biopsy  

for, 840–841
metastases of, ovarian cancer and, 1110
See also Colorectal cancer

Colonic disease
chronic arterial mesenteric ischemia, 832
Crohn’s disease (CD)

differential diagnosis, 839
epidemology, 837
incidence in elderly, 837–838
lower gastrointestinal bleeding in elderly and, 808
presentation and natural history, 839–840
surgical therapy, 840–841
unimodal vs. bimodal distribution, 838

hernia and screening for, 910
transit times, diverticular disease and, 858
ulcerative colitis (UC)

differential diagnosis, 839
epidemology, 838
incidence in elderly, 838
lower gastrointestinal bleeding in elderly and, 808
presentation and natural history, 839–840
surgical therapy (see Surgical techniques)
unimodal vs. bimodal distribution, 838

volvulus, 883
Colonoscopy, 811–812

colorectal cancer screening, 895
guidelines, 896

polypectomy and, 897
Colorectal cancer

adjuvant therapy, 902–903
clinical presentation in elderly, 897
colonic obstruction, 901
epidemiology, 889–890
incidence in elderly, 889
laparoscopic surgery for, 902
metastases and liver involvement, 1015–1016

natural history, 1015
preoperative evaluation, 1015–1016
surgical treatment, 1016

pathogenesis, 891–892
pathology, 890–891
perforated colon carcinoma, 901
postoperative surveillance, 903
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Colorectal cancer (Cont.)
rectal cancer, surgical treatment

local management of, 901
total mesorectal excision, 900–901

risk factors in elderly, 890
screening

barium enema, 894–895
colonoscopy, 895
computed tomographic colonoscopy, 895–896
cost-effectiveness issues, 892–893
definition, 892
digital rectal examination, 896
fecal immunochemical testing, 893–894
fecal occult blood testing, 893
guidelines for, 896
high-risk elderly patients, 896
sigmoidoscopy, 894
stool DNA test, 894

staging, 892
synchronous lesions, 901
treatment

polyps, 897–898
surgery in elderly, 898

ulcerative colitis (UC) and, surgery and risk of, 848
Colorectal disease

benign disease in elderly
constipation, 877–881
fecal incontinence, 885–887
rectal intussusception, 878
rectal prolapse, 881–883

Colostomy, uncomplicated diverticulitis, 862
Colovaginal fistulas, diverticular diseases complications, 863
Colpectomy, pelvic organ prolapse, 1094
Colporrhaphy, pelvic organ prolapse, 1092
Common bile duct (CBD), 934

hepatobiliary system, age-related changes in, 935
Common bile duct exploration (CBDE)

cholangiocarcinoma resectioning, 977
cholecystectomy, 955

Common perioperative complications, older patients
age related complications, delirium

diagnosis, 363
etiology, risk factors and precipitating factors, 362–363
evaluation and treatment, 363–364
outcome impact, 362
prevention, 364–365
rates, 361–362

falls, 365
functional decline, 365–366
general complications, infections (see Infections)
specific organ systems, complications

anemia, 371
cardiac complications (see Cardiac complications)
gastrointestinal complications (see Gastrointestinal 

complications)
pulmonary complications (see Pulmonary complications)
urinary and renal dysfunction, 371–372
VTE, 371

Co-morbid conditions
chronic arterial mesenteric ischemia, 832
kidney transplant patients, risk assessment, 1336
lower gastrointestinal bleeding in the elderly, 814

Co-morbidity
chronic condition, 269
effects, 270
history and physical examination, 271

limitation of activity, 269, 270
nutritional and mental status, 270

Compartment syndromes, 359
Competence

decisional capacity assessment and, 181–183
Comprehensive Assessment of the Long-Term Effects of Reducing 

Intake of Energy (CALERIE), 27
Comprehensive geriatric assessment (CGA), 43–44, 171, 253
Computed tomographic colonoscopy (CTC)

colorectal cancer screening, 895–896
Computed tomography (CT)

abdominal aortic aneurysms imaging, 696, 700
cholangiocarcinoma, 975
distended gallbladder and inflammation, 960
diverticular disease and, 861
esophageal cancer in elderly, 752
gallbladder cancer diagnosis, 969
hepatocellular carcinoma (HCC)

diagnosis, 1013
mesenteric venous thrombosis diagnosis, 831
pancreatic cancer

diagnosis and staging, 989–991
prostate cancer evaluation, 1077
renal cell carcinoma, 1051–1053
small bowel obstruction (SBO), 798
squamous cell carcinomas of the head and neck (SCCHNs) risk 

and, 558
Conducting airways (pulmonary), age-related changes in, 596
Conduction defects, in elderly patients, 628–629
Confusion assessment method (CAM), 203
Congenital hernias, epidemiology of, 907, 908
Congestive heart failure (CHF)

diastolic function in elderly patients and, 624–625
treatment of, in elderly patient, 626

Consortium of E-Learning in Geriatrics Instruction (CELGI), 192
Constipation

age-related physiology
anorectum, 723–724
colon, 722–723

causes of, in elderly, 722–723
incidence in elderly, 877–881
treatment of, 880

Contact dissolution therapy, gallstone dissolving, 951
Coronary artery bypass graft (CABG)

in elderly patients and, 651–652
Coronary artery bypass grafting (CABG), 226
Coronary artery disease (CAD)

abdominal aortic aneurysm surgery and presence of, 691
cardiac surgery risk and, 650
diabetes mellitus and risk of, 641–642
prior disease as risk factor, 643–644
serum HDL-cholesterol levels and, 640
serum triglycerides and risk of, 640
smokine as risk factor, 635

Coronary Artery Revascularization Prophylaxis (CARP), 693
Cortical and trabecular bone, 419
Corticosteroids

Crohn’s disease (CD) surgery, preoperative administration, 841
lichen planus therapy, 1085
lichen sclerosus therapy, 1084

Cost-effectiveness issues
cardiac therapy in elderly patients, 655–656
cerebrovascular disease management and, asymptomatic patients, 

681
colorectal cancer screening, 892–893

Cost-effectiveness issues, centenerian surgical patients, 218
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C-reactive protein (CRP), appendicitis in elderly, 869
Creatinine clearance, renal function in elderly and, 1026
Cricopharyngeal (CP) dysfunction, 546
Crohn’s disease (CD)

bimodal distribution, 838
differential diagnosis, 839
epidemology, 837–838
incidence in elderly, 837–838
presentation and natural history, 839–840
surgical therapy

colonic disease, 846
emergency surgery, indications for, 841–842
gastric/duodenal disease, 845–846
ileocecal disease, 846
indications for elective surgery, 840–841
jejunoileal disease, 846
operative techniques, 844–845
perianal disease, 847–8448
preoperative preparation, 842–844

Cryoablation, hepatocellular carcinoma (HCC), 1016
Cultural sensitivity, truth-telling ethics and, 179–180
Curriculum for the Hospitalized Aging Medical Patient (CHAMP)

elder care, 192
e-learning, 191–192
texas tech medcast reynolds, 192

Cutaneous horn, pathophysiology and treatment, 1230
Cystadenocarcinoma, pathophysiology and management, 987
Cystadenoma, pathophysiology and management, 987
Cystic basal cell carcinomapathophysiology and treatment, 

1233–1235
Cystometrography

urinary incontinence in elderly men, 1045–1046
urinary incontinence in elderly women, 1041–1042

Cytochrome P450, liver function, age-related changes in and, 720–721
Cytolytic induction therapy, kidney transplant patients, immune 

suppression, 1339
Cytomegalovirus (CMV), 133, 839

D
Decisional capacity, assessment of

criteria, 181, 182
levels, 183
patient’s ability, 181

Decubitus ulcers, 120, 121
Deep vein thrombosis (DVT), 240
Degenerative joint diseases

bilateral knee pain (see also Total knee arthroplasty)
cardiac problems, 1303
physical examination, 1303
radiographs of, 1307

knee and hip pain, causes of, 1293–1294
non-operative management

acetaminophen, 1294
arthroscopy, 1295
COX–2 inhibitors, 1294
venous thromboembolism prevention protocol, 1297–1299

total hip arthroplasty
Charnley retractor placement, 1305–1306
complications, 1308–1310
drapes and hip positioner removal, 1307
history of, 1305–1306
post-operative course, 1307
reaming, 1306–1307
skin incision, 1306
spinal/epidural anesthesia, 1306

total knee arthroplasty
extramedullary or intramedullary guide placement, 1301
history of, 1300
incision, 1301
medial release, 1301
patella, 1301–1302
PMMA, 1302
postoperative course, 1302

Degenerative lumbar spinal stenosis, pathophysiology and 
management, 1179–1180

Dehydroepiandroterone (DHEA), 217, 419
Delirium

anesthesia, 299
cognitive assessment, 276–277
geriatric model, 255–257
geriatrics teaching, 193
palliative care and decision making, 203–204
wound healing, 123

Demands-based surgical care model, 158–160
Dementia, cognitive assessment, 276
Demographics, 3
Dermatofibrosarcoma protuberans, 1248
Dermis

age-related changes, 1223
anatomy, 1222
benign lesions, 1225–1228

acrochordons (skin tags), 1225
cherry hemangioma (Campbell de Morgan spots), 1227
chondrodermatitis nodularis helicis, 1226–1227
sebaceous hyperplasia, 1226
venous lakes, 1227–1228
xanthelasma palpebrarum (eyelid xanthomas),  

1225–1226
malignant lesions

angiosarcoma, 1239
Detrol, urinary incontinence management

in elderly men, 1047
in elderly women, 1044

Diabetes
oral cavity, 503
wound healing, 115–116, 123

Diabetes Control and Complications Trial (DCCT), 519
Diabetes mellitus

ADA, 494
atherothrombotic brain infarction and, 642
chronic complications, 496
coronary artery disease risk and, 641–642
dipeptidyl peptidase–4, 495
epidemiological studies, 493
glucagon-like peptide–1, 495
hypoglycemia, 494–495
impaired fasting glucose, 494
medical management, 494
metformin, 495
muscle insulin resistance, 493
nuclear receptor transcription factors, 495
pancreatic cancer risk and, 985
peripheral arterial disease risk and, 642
renal function in elderly and, 1025
spinal infections with, 1187–1188
sulfonylurea drugs, 494
systemic inflammation, 493
therapeutic management, 493, 494
thiazolidinediones, 495
type 2, 493

Diabetic retinopathy, 519–520
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Diagnostic evaluation
abdominal aortic aneurysm, 690–692
abdominal wall hernias, 909–910
appendicitis in elderly, 869–871
benign prostatic hyperplasia (BPH), 1072–1073
bladder cancer, transitional cell carcinoma, 1057
cholangiocarcinoma

biopsy/cytology, 976
clinical presentation, 974
laboratory testing, 975
radiologic evaluation, 975–976

chronic arterial mesenteric ischemia, 824
diverticular disease, 860–861
esophageal cancer in elderly, 751–752
gall bladder

clinical presentation, 969
radiologic evaluation, 969

inflammatory bowel disease (IBD), differential diagnosis, 839–840
nonocclusive mesenteric ischemia (NOMI), 824
pancreatic cancer, 989–991
prostate cancer, 1077

Diastolic function
age-related changes in, 624–625
coronary artery disease risk and, 636–637

Diet
constipation in elderly and, 880diverticular disease and

incidence and epidemiology, 859
treatment including, 861

fecal incontinence and, 887
Dieulafoy lesion, 775
Differential aging, 144–145
Diffuse colitis, Crohn’s disease (CD) and, surgical considerations, 847
Diffuse esophageal spasm (DES), 740
Digital rectal examination

colorectal cancer screening, 896
prostate disease evaluation, 1073

Disability and aging, 146–147
Disposable soma theory, 10, 13–14
Disseminated intravascular coagulation (DIC), 74–75
Distal radius fracture, 1286, 1287
Distal sigmoid colon, diverticular disease and, 864
Ditropan, urinary incontinence management, in elderly women, 

1043–1044
Diuretics, hypertension management with, 637
Diverticula, lower gastrointestinal bleeding in the elderly, 807–809
Diverticular disease

complications
abscess formation, 864
bladder involvement, 866
colovaginal fistulas, 866
fistula formation, 866
Hartmann’s procedure, 864
obstructive symptoms, 866
perforation, 866

in elderly patients
diagnostic evaluation, 860–861
epidemiology, 859
etiology, 858–859
pathogenesis, 859–860
symptoms, 860
treatment, 861–867

inflammatory bowel disease (IBD), differential diagnosis, 840–841
DNA damage theory of aging, 16–17
Donors, kidney transplant surgery cadaver donors, 1336–1337
Do not resuscitate (DNR) orders, in geriatric surgery, 185
Dose interval (DI), renal function in elderly and drug therapy, 1028

Dosing and delivery methods
intraspinal administration (see Intraspinal administration)
PCA and intravenous infusions, 330–331
peripheral nerve block analgesia, 333–334

“Drop” attacks, cerebrovascular disease in elderly and, 683
Drug therapy

constipation in elderly linked to, 877–878
Crohn’s disease, elective surgery as alternative to, 841
gastrointestinal effects of, in elderly

commentary and analysis, 709
gastric emptying, age-related changes in, 714

hypertension management, atherothrombotic brain infarction  
and, 637

liver function, age-related changes in and, 720–721
radicular neck pain, 1169
renal function in elderly and, dose modification, 1027–1030
ulcerative colitis (UC) surgery as alternative to, 848–849
urinary incontinence management

in elderly men, 1046–1047
in elderly women, 1043–1044

vertebral osteomyelitis, 1188
Drug usage, medication-related problem prevention

biology of aging, 343–344
drug absorption, 344
drugs distribution, 345
metabolism, 345–346
polypharmacy and surgeon, 346–347
prescribing principles, 347–349
specific prescribing issues

antibiotics (see Antibiotics)
antidepressants (see Antidepressants)
antihistamines, 352
antipsychotics, 349–350
anxiolytics, 351
delirium, 349
pain management, 352
sedative/hypnotics, 351

Dual-energy x-ray absorptiometry (DEXA)
bone mass measurement, 1205–1206
spinal degeneration in elderly, 1186

Dual-energy x-ray absorption (DEXA) scanning, 443
Dumping syndrome, 776–777
Duodenal stump leak, 777
Duodenum, Crohn’s disease (CD) and, surgical considerations, 

845–846
See also Ulcer disease

Duplex scanning, cerebrovascular disease evaluation, 676–678
Durable Power of Attorney for Health Affairs, ethical issues, 183
Dysguesia, 536
Dysphagia

achalasia, 738
barium swallow, 542
dysphagia effects, 539
endoscopic examination, 543
etiology

amyotrophic lateral sclerosis, 544
Candida albicans, 546
cricopharyngeal dysfunction, 546
esophageal motility disorders, 545
medications, 545
Parkinson disease, 544
reflux esophagitis, 545–546
type A and B ring, 545
UES, 546

flexible endoscopic evaluation of swallow, 543
modified barium swallow, 542–543
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patient history, 541–542
physical examination, 542
surgical management

esophageal and cricopharyngeal narrowing, 547–548
glottal insufficiency, 548–549
laryngectomy and laryngotracheal separation, 549
tracheotomy, 549
Zenker’s diverticula, 548

swallowing physiology
bolus control, 541
pharyngeal phase, 541
UES, 541
brainstem, 540
esophageal phase, 540
mechanoreceptors, 540
oral preparatory phase, 539
pharyngeal phase, 540
UES, 540

transnasal esophagoscopy, 544
Dysphagia, esophageal physiology in elderly and, 712
Dyspnea

adverse drug reaction, 204
anorexia and nutrition, 202–203
constipation and obstruction, 202
delirium, 203–204
opioids, 201

Dyspnea, age-related incidence of, 600–601

E
Ears, age-related changes in, 526–532

anatomical and physiological characteristics, 526–529
central auditory processing, 529–530
physiological changes, 525
presbycusis, 530
presbystasis, 531–532
vestibular system, 531

Economic surgical care models, 160–162
Efferent syndrome, 777
Elastic fibers (lung), age-related changes in, 597–598
Electrodissection and curretagebasal cell carcinoma, 1238
Electrogastrography (EGG), gastric emptying, age-related  

changes in, 715
Electrolyte balance

Crohn’s disease (CD) surgery, preoperative maintenance, 843
renal function in elderly

acute renal failure, prevention, 1035
aging kidney histopathology, 1025–1027
drug dose modification, 1027–1030
metabolic acid-base disturbances, 1030–1033
renal handling in, 1033–1035
structure and, 1025

Electrolyte disturbances, 194–195
Electromyography (EMG), urinary incontinence in elderly women, 1042
Embolization

acute mesenteric ischemia, 821
hepatocellular carcinoma (HCC), 1014

Emergency surgery
Crohn’s disease (CD), 841–842
hernia repair, 917
ulcerative colitis (UC), 848–849

Emphysema, age-related changes in lung parenchyma compared with, 
596–597

Emphysematous cholecystitis, 953
Endarterectomy, chronic arterial mesenteric ischemia, surgical 

techniques, 829–830

Endocrine implications, 300
Endocrine pancreas

age-related changes in
glucagon, 942
insulin resistance, 941–942
pancreatic polypeptide, 942

physiology of, 939–941
End of life/withdrawal of care, 404
Endoluminally placed covered stent graft (EVAR), 692
Endometrial atrophy, pathophysiology and management, 1088–1089
Endometrial cancer, pathophysiology and management, 1089–1090, 

1106–1108
Endometrial hyperplasia, uterine cancer and, 1106–1108
Endometrial hyperplasia, pathophysiology and management, 

1089–1090
Endometrial polyps, pathophysiology and management, 1089
Endoscopic palliation, esophageal cancer in elderly, 758
Endoscopic retrograde

pancreatic anatomy in elderly and, 941
pancreatic cancer diagnosis, 990–991
small bowel obstruction (SBO), 796

Endoscopic retrograde cholangiopancreatography (ERCP), 975, 990
Endoscopic sphincterotomy (ES), 954
Endoscopic therapy, gastroesopliageal reflux disease (GERD) surgery, 

733–734
Endoscopic ultrasound (EUS), pancreatic cancer, diagnosis  

and staging, 990, 991
End-stage renal disease (ESRD)

incidence in elderly, 1336
transplant surgery in elderly patients, 1338

Energy requirements, 89, 96
Enteral nutrition, 100–101
Enteroceles, pelvic organ prolapse, 1092, 1093
Enterochromaffin like cells (ECL), 763
Enterocutaneous fistulae, nutrition, 102
Enterostomal, Crohn’s disease (CD) surgery, preoperative preparation, 

843–844
Environmental toxins, liver function, age-related changes in and, 721
Epidermal appendages

age-related changes, 1223
anatomy, 1222

Epidermal growth factor receptor (EGFR), 560
Epidermis

age-related changes, 1222
anatomy, 1221
benign lesions, 1223–1225

melanocytic nevocellular nevi (moles), 1225
seborrheic keratoses, 1223–1224
solar lentigo (senile lentigoactinic lentigo), 1224

malignant lesions
atypical fibroxanthoma, 1238
basal cell carcinoma (BCC), 1233–1235
keratoacanthomas (KAs), 1233
melanoma, 1235–1238
merkel cell carcinoma, 1238–1239
squamous cell carcinoma, 1232–1233

Epidural abscess, pathophysiology and management, 1143–1144, 
1188–1190

Epithelial tumors
esophageal cancer in elderly, 749
vulva, benign disease in elderly women, 1084

Epstein-Barr virus (EBV), squamous cell carcinomas of the head  
and neck (SCCHNs) risk and, 556

Erythrocyte sedimentation rate (ESR), 690
Erythropoietin (EPO), 73
Esophageal motility disorders, 545, 737
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Esophagectomy, esophageal cancer in elderly, 244,  
245, 756

Esophagogastrectomy, esophageal cancer in elderly, 755
Esophagomyotomy, achalasia in elderly and, 740
Esophagoscopy, 544
Esophagus

age-related physiological changes in, 711–713
benign disease in elderly

achalasia, 737–740
diffuse esophageal spasm, 740
fibrovascular esophageal polyps, 741–742
gastroesopliageal reflux disease (GERD), 729–737
leiomyomas, 741

esophageal cancer in the elderly
classification, 748, 749
diagnosis, 751–752
histology, 748, 749
incidence and cell type, 748, 749
location, 748
pathogenesis, 749–750
staging system for, 752

Estradiol, menopause in elderly patients and, 1083–1084
Estrogen therapy, treatment for vasomotor symptom, 1083
Ethics in geriatrics

confidentiality, 185
decisional capacity, assessment of

criteria, 181, 182
levels, 183
patient’s ability, 181

decision, end of life, 186–187
decision-making for incapacitated patients (see Advance 

directives)
definition, 179, 180
DNR orders in operating room, 185
informed consent, 180–181
limits of autonomy and choice, 185–186
prognostication, 186
refusal of treatment, 181
truth-telling, 179–180

Eurotransplant Senior Programme (ESP), 1327–1328
Examination under anesthesia (EUA), 559
Excision techniques

basal cell carcinoma, 1234
squamous cell carcinoma of the skin and, 1232–1233

Exercise
cardiac preload in elderly patients, 623
cardiovascular response to, in aging patients, 625

Exocrine pancreas
age-related changes in, 941
physiology of, 939

Expanded criteria donors (ECD)
heart transplantation, 1322
kidney transplantation, 1321
liver transplantation, 1321
lung transplantation, 1321–1322
pancreas transplantation, 1321

Extracellular fluid volume (ECFV) depletion
acute renal failure in elderly and, 1035

Extracorporeal shock wave lithotripsy (ESWL), chronic cholecystitis 
management, 951

Extracranial carotid arterial disease (ECAD)
hypertension and risk of, 636
serum lipids and risk of, 641
smoking as risk factor, 636

Extracranial cerebrovascular disease
antiplatelet therapy, 674

asymptomatic patient, management of, 680–682
best medical management, 674
carotid artery tortuosity, 682–683
cerebral infarction, 673
CHARISMA trial, 674
cholesterol, 673
commentary and analysis, 661–662
diagnosis, 676–678
dizziness and global symptoms, 683
embolic strokes, 673
generalized atherosclerosis assessment, 683
pathophysiology

atherosclerotic disease, 674
atherosclerotic plaque, 674–675
hemodynamic-embolic controversy, 674, 675
hemodynamic issues, 676
intraplaque hemorrhage, 674
symptoms, 674, 675

risk factor modification, 673
stroke prevention, 673
symptomatic patient, management of, 678–680

Extraintestinal conditions, ulcerative colitis (UC) and, 847
Extramammary Paget’s disease (EMPD), 1101
Extremity/truncal sarcomas

chemotherapy, 1249–1250
surgical management, 1247

Eyelid lesions, 1225–1226

F
Fallopian tubes, cancer of, 1108–1109
Falls

fractures, 395
life-altering consequences, 396
long-term care facilities, 395
risk factors, 395

Familial adenoniatous polyposis (FAP)
colorectal cancer risk and, 890

screening recommendations, 896
synchronous lesions, 901

Fat absorption, small intestine, age-related changes in, 720
Fecal incontinence

age-related changes in anorectum and, 723
Crohn’s disease (CD) and, surgical considerations, 849

Fecal occult blood tests, colorectal cancer screening, 893
Femoral hernias

diagnosis, 909–910
incidence in elderly, 917

Fibroplasia, wound healing, 110–111
Fibrovascular esophageal polyps, 741–742
FIGO staging system

cervical cancer, 1105
fallopian tubes cancer, 1108
ovarian cancer, 1109–1110
uterine cancer, 1106–1107
vaginal cancer, 1103
vulvar cancer, 1101–1102

Fine-needle aspiration cytology (FNA)
cholangiocarcinoma, 976
pancreatic cancer diagnosis, 990–991
squamous cell carcinomas of the head and neck (SCCHNs), 560

First do no harm principle, truth-telling ethics and, 180
Fistulas

Crohn’s disease, elective surgery for, 841
diverticular disease, surgical management of, 863

Flexible endoscopic evaluation of swallow (FEES), 543
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Fluid requirements
in elderly, 95–96
renal function in elderly

acute renal failure, prevention, 1035
aging kidney histopathology, 1025–1027
drug dose modification, 1027–1030
metabolic acid-base disturbances, 1030–1033
renal handling in, 1033–1035
structure and, 1025

Fluorescein, age-related changes in pancreas and, 722
Follicle-stimulating hormone (FSH), 1083
“Food fear” acute mesenteric ischemia and, 824
Food/hydration, refusal of treatment and withdrawal of, 181
Forced vital capacity (FVC) in elderly patients, 601
Fractionated stereotactic radiotherapy (FSR), 1158
Fractures, 402–403, 1137–1138

femoral neck, 1280–1281
hip, 1277–1283
intertrochanteric, 1281–1283
metastatic pathologic, 1287–1288
proximal humerus, 1284–1286
subtrochanteric, 1283
technological advances in management of, 1198–1199

Frailty
Baseline disease status, 132
biologic basis, 131–132
clinical outcomes, 131
clinical utility, 132–133
conceptual framework, 130
definition, 130–131
frailty criteria, 130
nutrition, 100
research utility, 133
and surgery

age limitation, 129
clinical decision making, 129–130

Frailty index, 132–133
Frank Starling mechanism, cardiac preload in elderly patients, 623
Free radical/oxidative stress, 14–15
Fresh frozen plasma (FFP), 400
Fulminant colitis, ulcerative colitis (UC) as, emergency surgery for, 

848–849
Functional decline, 195
Functional residual capacity (FRC), 601–602
Fundamentals of Laparoscopic Surgery (FLS), 228
Fundic gland polyps, 774

G
Gait analysis, cervical myelopathy diagnosis, 1171
Gallbladder

anatomy, 934
biliary physiology and, 934–935
cancer

adjuvant therapy, 972–973
diagnosis, 969
etiology, 967–968
incidence, 967
palliative therapy, 971
pathology and staging, 968
resectioning techniques, 969–971
survival rates, 971–972

Gallstones, 935–937
acalculous cholecystitis

clinical presentation, 955–956
management of, 955

biliary tract function, age-related changes in, 721
choledocholithiasis

clinical presentation, 954
incidence, 954
management of, 955
treatment, 954

classification, 946
epidemiology, 945–946
gallbladder cancer etiology and, 967
incidence, 935
incidence in elderly patients, 945–946
natural history

acute cholecystitis, 951–952
asymptomatic cholelithiasis, 947–948
chronic cholecystitis, 948–951
emphysematous cholecystitis, 953
perforation and ileus, 952–953
symptomatic cholelithiasis, 948

pathogenesis
cholesterol gallstones, 936–937
cholesterol stones, 9246–947
pigment gallstones, 937
pigment stones, 947

risk factors, 935
small bowel obstruction (SBO), 796
See also Cholesterol gallstones; Pigment gallstones, pathogenesis

Gas exchange (pulmonary), in elderly patients, 602–603
Gastrectomy, 243
Gastric cancer, age-related stomach physiology and, 716–717
Gastric cancer in elderly

adjuvant and neoadjuvant therapies, 786–788
case presentations, 789–790
epidemiological and pathological considerations, 781–782
practical application, 788
surgical therapy, 783–786

Gastric disease, Cronh’s disease (CD) and, surgical considerations, 
845–846

Gastric emptying
age-related physiological changes, 714–716
benign stomach disease and, 764

Gastric outlet obstruction (GOO), 773–774
Gastric polyps, 774
Gastrin, exocrine pancreas physiology, 939
Gastroesophageal reflux disease (GERD), 238

clinical presentation, 729–731
diagnostic studies, 31–732
esophageal cancer in elderly, 750
pathophysiology, 729
prevalence in elderly of, 729–730
treatment in elderly, 732–734

Gastrointestinal complications
dysphagia, 372–373
post-operative ileus, 373

Gastrointestinal quality of life index (GIQLI), 733
Gastrointestinal stromal tumors (GIST)

metastatic, 1252
treatment of, 1252

Gastrointestinal system in elderly
age-related physiological changes, 711–725

anorectum, 723–724
colon, 722–723
esophagus, 711–713
liver and biliary function, 720–722
pancreas, 722
small intestine, 717–720
stomach, 713–717
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Gastrointestinal system in elderly (Cont.)
ischemic bowel disorders and, 819–820
lower gastrointestinal bleeding in the elderly

assessment and resuscitation, 810
diagnosis and treatment, 811–815
etiology, 807–810

Gastrojejunostomy, periampullary carcinoma, 996
Gastroparesis

clinical manifestation, 775
etiology, 775
treatment, 776

G cells, 764
Gene therapy, wound healing, 118
Genetically inherited syndromes, 556
Genitourinary tract

benign disease in elderly women
cervix, 1086
ovary, 1090
urethra, 1087–1088
uterus, 1088
vulva, 1084

Genomic entropy, colon cancer and, 724
Geriatric depression scale (GDS), 175, 277, 285
Geriatric model

ACE, 259, 261
choices and treatment, 258
core components, 259, 260
discharge planning, 258–259
evidence-based interventions, 258
geriatric consultation service, 259
health care education, 258
HELP, 262
interdisciplinary communication, 258
Medicare payment, 263, 264
NICHE, 261–262
patient complications

cognitively impaired, 253, 254
delirium, 255–257
fall-related injury, 254
functional decline, 254
older, 253, 255
pressure ulcers, 255
undernutrition/malnutrition, 255
UTI, 255

principles, 263
process and interventions, 257, 259
risk factors, 258
specialty model, 263
transitional care, 262

Geriatric neurosurgical emergencies
CNS infections, 1143–1145
non-traumatic vascular lesions

adverse drug reactions, 1143
amyloid angiopathy, 1142–1143
aneurysms, 1139–1140
sinus thrombosis, 1143–1145
stroke, 1141–1142
vascular malformations, 1140–1141

peripheral nerve injury, 1145
subarachnoid hemorrhage, 1146–1147
TBI

extra-axial hematomas, 1135–1137
fractures, 1137–1138
intracerebral/subarachnoid hemorrhage, 1136–1137
penetrating trauma, 1138

tumors, 1145

Geriatric ophthalmology
age-related cataract, 514–515
age-related macular degeneration, 515–517
Beaver Dam Eye Study, 514
diabetic retinopathy, 519–520
giant cell arteritis, 520–521
glaucoma, 517–519
non-arteritic anterior ischemic optic neuropathy, 521
systemic comorbidities, 514
visual loss, 523

Geriatric resource nurse (GRN) model, 261
Geriatrics, 3

challenges, 4
medical care, 4
physicians, 3, 4
scientific advance, 4

Geriatrics Attitude Scale (GAS), 190
Geriatrics education for specialty residents (GSR), 191
Geriatrics teaching

adverse drug events and polypharmacy, 194
champ (see Curriculum for the Hospitalized Aging Medical 

Patient)
curriculum development, 189
delirium, 193
electrolyte disturbances, 194–195
falls, 195
functional decline, 195
general surgery curriculum, 190–191
malnutrition, 195
need assessment

ageism, 189
clinical decision, 190
Palmore’s survey, 189
UCLA GAS, 190

online resources, 192–193
preoperative evaluation, 196
pressure ulcer and pain control, 196
renal and prostate disorders, 194
resources, 192
urinary incontinence and bladder catheterization, 194

Geriatric surgery
acute renal failure prevention in, 1035
aging, 235
case study, 237
centenarians

age and sex, 211, 212
case studies, 214
historical background, 211–213
longevity determinants, 216–217
pathology in, 215–216
physiologic changes in, 214–215
preoperative preparation, 219
selective survival hypothesis, 217–218
supercentenarians, 218

cervical myelopathy management, 1170–1173
clinical presentation

appendicitis symptoms, 237
biliary tract disease, 237
gastroesophageal reflux disease, 238

commentary and analysis, 233–234
do not resusciate issues, 185
education practice of surgeons, 137–138
emergency, 242–243
follow-up, 246
integrated patient care, 138
intraoperative and perioperative complications, 243–244
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lack of reserve
cardiac function, 238, 239
elderly patient, 238
functional returns, 240
hepatic resection, 239
maximal and basal function, 238
thoracic surgery, 239

operative mortality, 236
patient care cost, 137
physiologic changes, 247
preoperative preparation

albumin level, 242
hypovolemia, 242
incremental value, 241
nosocomial infection, 242
PACE components, 241
postoperative changes, 240
prophylaxis, 240

principles, 235
pulmonary function assessment, implications for, 603
radicular neck pain, 1168–1170
scientific fact

aortic valve replacement, 245, 246
biologic variability, 244
colectomy, 244, 245
esophagectomy, 244, 245
gastrectomy, 244, 245
hepatectomy, 244, 245
mortality rate, 244
neurologic complications, 244
postanesthesia complication, 246
thoracic aneurysm, 245, 246

surgical mortality, 236
surgical outcomes, 137
surgical training programs, 137–138
thoracic degenerative disease, 1173–1175
vertebral osteomyelitis, 1187–1188
See also Surgery care

Geriatric trauma patients, 360
Geriatric vital signs

delirium evaluation, 413
nursing care, 413
patient’s ability, independent living, 413–414
physician’s role, 414
sedating medications, 413
signs, 413

Germ cells, ovarian cancer, 1109–1111
Giant cell arteritis, 520–521
Glaucoma, 517–519
Gleason scoring system, prostate cancer, 1076

survival rates and, 1077–1078
Glioma

epidemiology and prognosis, 1151
genetics, 1153

Glomerular disease, renal function in elderly and, 1025
Glomerular filtration rate (GFR), 281

age-related histopathology, 1026
in young and healthy people, 1027

Glucagon
endocrine pancreas aging of, 941
endocrine pancreas function in elderly patients and, 940

Glucose intolerance, age-related changes in pancreas and,  
722

Glucose, renal function in elderly and drug therapy, 1028
Glucose transporter, endocrine pancreas function  

in eldery patients, 940

Graft procedures
chronic arterial mesenteric ischemia, 827–829
kidney transplant patients, survival curves, 1336

Groin hernias
diagnosis, 909
incidence in elderly, 907

Guaiac-based assay, fecal occult blood tests, colorectal cancer 
screening, 893

Gynecologic disease
benign disease in elderly

cervix, 1086
incidence of, 1083
lower genital tract, 1084–1087
menopause, 1083–1084
ovary, 1090
pelvic organ prolapse, 1090–1094
upper genital tract, 1088–1090
urethra, 1087–1088
vulvodynia, 1085–1086

malignant disease in elderly
cervical cancer, 1104–1106
fallopian tube cancer, 1108–1109
incidence, 1101–1102
ovarian cancer, 1109–1111
uterine cancer, 1106–1108
vaginal cancer, 1103–1104
vulvar cancer, 1101–1103

pelvic floor disorder
bowel incontinence, 1095–1096
pelvic organ prolapse, 1090–1094
research in, elderly women, 1096–1097
urinary incontinence, 1091–1095

H
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changes and, 766
diverticular disease, 859
lower gastrointestinal bleeding in the elderly, 807, 810
radicular neck pain, 1169
sciatica management, 1178

Non-traumatic vascular lesions
adverse drug reactions, 1143
amyloid angiopathy, 1142–1143
aneurysms, 1139–1140
sinus thrombosis, 1143–1145
sinus thrombosis, CNS infections, 1143–1145
stroke, 1141–1142
vascular malformations, 1140–1141

North American Symptomatic Carotid Endarterectomy Trial 
(NASCET) criteria, cerebrovascular disease  
evaluation, 679

symptomatic patient evaluation, 679
Nose

age-related changes in, 532–533
physiological changes, 525

NPC. See Nasopharyngeal carcinoma
Nuclear scintigraphy, lower gastrointestinal bleeding in elderly, 812
Nurses Improving Care for Health System Elders (NICHE), 176, 

261–262
Nursing homes, 623
Nutcracker esophagus, 741
Nutrition

age-related changes, body composition
body fat, 89
energy requirement, 89
lean body mass, 88–89

anemia, 100
anorexia, 98–99
cachexia, 99
calorie restriction, 100
Crohn’s disease (CD) surgery, preoperative maintenance of, 843
enterocutaneous fistulae, 102
frailty, 100
gastrointestinal changes of senescence, 102
geriatric surgery

acute upper abdominal distress, 84
caloric and balanced nutrient, 84
cancer patient, 84–85
chronologic and physiologic age, 85–86
decision-making, geriatric management, 85–86
end-stage malignancies and malnutrition, 84
health care funding and regulation unfold, 86

malnutrition, 83
medical care delivery and effectiveness, 85
nutrient requirements, 86
quality of life, 83
self-determination, 86
seriously ill elderly patient, 85
therapeutic goals, 83
true love, 86

incarcerated ventral hernia, 103
malnutrition, 87
and metabolism, 26–27
nutritional assessment

anthropometrics, 92
biochemical markers, 92–95
functional assessment, 95
immune markers, 95
medical history, 90
nutrition screening initiative, 90–92
physical examination, 90

nutritional requirements
calcium and vitamin D, 98
energy requirements, 96
fluid requirements, 95–96
protein, 97
vitamin A, 97
vitamin B6, 97
vitamin B14, 97–98

nutritional supplementation
acute care, 100
enteral nutrition, 100–101
total parenteral nutrition, 101

obesity, 98
palliative care, 103
pancreatitis, 102
physical and psychosocial issues, 87–88
pressure ulcers, 102–103
sarcopenia, 99
unintentional weight loss, 99–100
wound healing, 115, 117, 123

Nutritional assessment
screening test, 270, 274
serum albumin, 274
supplementation, 274, 275

Nutrition screening initiative, 90–92

O
Obstructive symptoms

appendicitis, 867
colorectal cancer, 901
constipation in elderly and, 878
Crohn’s disease, elective surgery for, 841
diverticular disease complications, 866
ulcerative colitis (UC) and, emergency surgery for, 843

Obturation obstruction, small bowel obstruction  
(SBO) and, 794–795

Obturator hernia, 796, 921–922
Occlusion pressure responses, age-related diminishment of, 600
Occlusive arterial disease, 661
OKT3, kidney transplant patients, immune suppression with, 1339
Old organ function

kidney transplantation, 1329–1330
transplantation

kidney allograft loss, 1330
liver, 1330
recipient obesity, 1330
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Olfactory nerve age-related changes in, 532–533
Olfactory receptor neurons, anatomy and physiology, 532–533
Oncocytomas, 580
Operation Iraqi Freedom component therapy, 359
Oral cavity, 535, 572–574

aspiration pneumonia, 505–506
cardiovascular disease, 502–503
dental health, 505
diabetes, 503
geriatric population, 509–510
mental health conditions

Alzheimer’s disease, 502–503
stroke, 504–505

musculoskeletal disorders, 502
nutritional status, 505
opportunistic infections, 507–509
oral health, 502–503
oral mucosa, 502
oral mucosal lesions, 506–507
saliva, 506
surgical procedures, 501
tooth mobility, 502
xerostomia, 506

Oral dissolution therapy, chronic cholecystitis management,  
950–951

Oral health, 502–503
Oral mucosa, 502
Organ allocation policies

ECD organs
kidney, 1328
liver graft function, 1329

ESP, 1327–1328
kidney, 1327
LAS, 1327
MELD, 1327
UNOS heart allocation, 1327

Organ of corti
anatomy of, 527, 529

Oropharyngeal function, 536
Oropharynx, 534, 574–575
Orthopaedic trauma

ankle fracture, 1283–1284
distal radius fracture, 1286, 1287
hip fractures (see Hip fractures)
metastatic pathologic fractures, 1287–1288
morbidity and mortality, 1276–1277
pre-injury status and perioperative risk

Alzheimer’s disease, 1275
anesthesia, 1273
deep vein thrombosis and pulmonary embolism, 1274–1275
diabetes mellitus, 1274
osteopenia, 1275
osteoporosis, 1275
systemic diseases and complications, 1273
thromboembolic disease, 1274

proximal humerus fractures, 1284–1286
rehabilitation role, 1288–1289
treatment

ambulatory and function, 1276
calcitonin and parathyroid hormone (PTH), 1276
estrogen replacement therapy, 1276
hormone replacement therapy, 1275
SERM, 1276

Osteoporosis, 1185–1187, 1206, 1275
Outcome assessment

appendicitis in elderly, 869–872

cardiac surgery in elderly patients, risk reduction techniques, 655
colorectal cancer surgery, 903
gastroesopliageal reflux disease (GERD) surgery, 733
premalignant pancreatic cancer, 1001
small bowel obstruction (SBO), 801

Outpatient surgical procedures, 154
Ovary

benign diseases of, 1090
cancer of, 1109–1111

Oxyntic glands, 763

P
Paget’s disease, vulvar cancer, 1102
Paired associates learning (PAL), 224
Palliative care

cholangiocarcinoma, postoperative survival rates, 977
esophageal cancer in elderly, 757
gallbladder cancer therapy, 971–972
nutrition, 103
periampullary carcinoma, 995

Palliative care and decision making
advance directives, 204–205
associated symptoms, 199
case study, 197–198
clinical features, 199
communication and goals, 206–207
continuum, 198
dyspnea

adverse drug reaction, 204
anorexia and nutrition, 202–203
constipation and obstruction, 202
delirium, 203–204
opioids, 201

hospice, 205–206
interdisciplinary care, 198
key determinant, 199
pain

AGS guidelines, 200
clinical assessment, 199
contributing factors, 199–200
gastrointestinal bleeding, 201
HELP analysis, 200
management strategy, 200, 201
opioids, 201

prognosis, 204
Pancreas

age-related changes, 722
anatomical changes, 941
elderly patients, 931
endocrine, 941–942
exocrine, 941

development and anatomy, 938–939
epidemiologic and biological characteristics of, 956
IPMN

factors, 958
management of, 958–959
natural history, 958
occurrence, 957–958
symptoms, 957

management of, 956
mucinous cystic neoplasm, 957
physiology of

endocrine function, 939–941
exocrine function, 939

serous cystadenoma, 956–957
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Pancreatic cancer
benign and premalignant neoplasms

diagnosis, 1000
patients outcomes, 1001
resection, 1001
resection indication, 1000

clinical presentation
laboratory diagnostic test, 989
patients history, 988–989
physical examination, 989

epidemiology, 985
malignant neoplasms

chemotherapy, 997–998
diagnosis, 989–991
failure operation, early stage cancer,  

998–1000
long-term outcomes, 998
palliation, 995–997
postoperative care and complications, 997
preoperative preparation, 991–992
resection, 992–995
staging, 989–991

pathology
cystic tumors, 987–988
precancerous lesions, 988
solid tumors, 986–987

risk factors, 985–986
See also Exocrine pancreas

Pancreatic enzymes, age-related changes in pancreas and, 722
Pancreaticoduodenectomy

in elderly patients, 929
periampullary carcinoma, postoperative outcomes and 

complications, 997
Pancreatic polypeptide, endocrine pancreas function in elderly  

patients and, 940, 942
Pancreatitis, nutrition, 102
Pancreatoduodenectomy, 981
Papaverine therapy, nonocclusive mesenteric ischemia  

(NOMI), 830
Papillary cystadenoma lymphomatosum, 580
Paraesophageal hernia

clinical presentation, 735
diagnostic studies, 735, 736
pathophysiology, 735
treatment, 735–736

Parathyroid disease, in elderly
calcitonin, 440
hypercalcemia

non-parathyroid-mediated hypercalcemia, 441
parathyroid-mediated hypercalcemia, 442

hyperparathyroidism
primary hyperparathyroidism (see Primary 

hyperparathyroidism)
secondary and tertiary hyperparathyroidism (see Secondary  

and tertiary hyperparathyroidism)
mineral homeostasis, 439–440
parathyroid hormone (PTH), synthesis and description, 440
vitamin D, 440–441
worsening lethargy and confusion, case, 439
worsening lethargy and confusion, case resolution, 451

Parietal cells, 763
Parkinson’s disease, 536, 544
Paroxysmal nocturnal hemoglobinuria (PNH), 80
Pelvic floor disorders. See Pelvic organ prolapse (POP); Urinary 

incontinence (UI)

Pelvic muscle exercise (PME), urinary incontinence management
in elderly men, 1047
in elderly women, 1044

Pelvic organ prolapse (POP)
circumferential support of vagina and uterus, 1090–1093
clinical presentation, 1090
complications, 1091
diagnosis of, 1091
etiology of, 1090
incidence in elderly women, 1090
nonsurgical treatment of, 1091
perioperative management, 1090, 1093
pessary, supporting device, 1091, 1092
stages, 1090
surgical treatment of, 1091–1094

Pelvic organ prolapse quantification (POPQ), 1090
Penetrating brain injury (PBI), 1138
Pepsin, benign stomach disease and, 764
Peptic ulcer disease (PUD), 238

complicated
bleeding, 770–773
gastric outlet obstruction, 773–774
perforation, 767–770

epidemiology, 765
etiology

Helicobacter pylori, 765–766
nonsteroidal anti-inflammatory drugs, 766
smoking, 766
Zollinger-Ellison syndrome, 766

noncomplicated
clinical manifestations, 766–767
medical treatment, 767

physiopathology, 765
Percutaneous biliary drainage, cholangiocarcinoma, palliative care, 

976–977
Percutaneous endoscopic gastrostomy (PEG), 202
Percutaneous endoscopic gastrostomy tubes, small bowel obstruction 

(SBO), 796
Percutaneous transhepatic cholangiography (PTC), 954
Percutaneous transluminal angioplasty (PTCA), 830
Percutaneous transluminal balloon angioplasty (PTA), 668
Perforations

appendicitis, 867
colorectal cancer, 901
Crohn’s disease (CD), emergency surgery for, 842
diverticular disease, surgical management of, 866
gallbladder, gallstones disease and, 952–953
ulcerative colitis (UC) and, emergency surgery for, 847

Periampullary neoplasms
management of

palliative care, 995–997
postoperative care and complications, 997
preoperative preparation, 991–992
resection technique, 992–995

pancreatic cancer pathology, 986–988
survival rates, 998

Perianal disease, Crohn’s disease (CD) and, surgical considerations, 
28–30, 847–848

Perineal proctosigmoidectomy, rectal prolapse therapy, 881
Perineal prostatectomy, prostate cancer treatment, 1079–1080
Perioperative complications, older patients

age related complications, delirium
diagnosis, 363
etiology, risk factors and precipitating factors, 362–363
evaluation and treatment, 363–364
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outcome impact, 362
prevention, 364–365
rates, 361–362

falls, 365
functional decline, 365–366
general complications, infections (see Infections)
specific organ systems, complications

anemia, 371
cardiac complications (see Cardiac complications)
gastrointestinal complications (see Gastrointestinal 

complications)
pulmonary complications (see Pulmonary complications)
urinary and renal dysfunction, 371–372
VTE, 371

Perioperative procedures
liver tumors in elderly, 1007–1009

Peripheral arterial disease (PAD)
ankle-brachial index, 664
arteriography complication rate, 666
chronic visceral ischemia, 669–670
computed tomography angiography, 664–665
diabetes mellitus and risk of, 642
duplex scanning, 664
endovascular approach, 668–669
hypertension risk and, 637
incidence and epidemiology, 663–664
intraarterial contrast angiography, 665–666
magnetic resonance angiography, 665
prior disease as risk factor, 643–644
pulse volume recordings, 664
renal insufficiency, 666
serum lipids and risk of, 640
smoking as risk factor, 637
stem cell therapy, 669
therapeutic management

acute thromboembolic disease, 667
chronic occlusive disease, 667

Peripheral nerve injury, 1145
Peritonitis

appendicitis in elderly, 868
diverticular disease and, 866

Pernicious anemia, 73
Pessaries, pelvic organ prolapse, 1091
Peutz-Jeghers syndrome, colorectal cancer risk, 890
p53 gene

mouse model, 26
squamous cell carcinomas of the head and neck (SCCHNs) risk 

and, 560
Pharynx, 534
pH monitoring, gastroesophageal reflux disease (GERD) diagnosis, 

731
Phosphate, renal handling of, 1034
Photodynamic therapy (PDT), esophageal cancer in elderly, 758–759
Physician-assisted suicide, ethical principle, 187
Physician workforce capacity, 157
Physiologic age, 144
Pigmented basal cell carcinoma, pathophysiology and treatment, 1234
Pigment gallstones, pathogenesis, 937, 947
Pleomorphic adenoma, 580
Pneumatic balloon dilatation, 739–740
Pneumococcal pneumonia, 55
Pneumonia, esophageal physiology in elderly and, 711, 712
Polycythemia vera, 78–79
Polyneuropathy and myopathy, age-related effects on, 1122–1124
Polypectomy, colorectal cancer risk and, 897

Polyps
colorectal cancer risk and, 890

treatment of, 897–898
endometrial, pathophysiology and management, 1089
pathology of, 890–891

Polytetrafluoroethylene (PTFE), 802
POPQ system, pelvic organ prolapse evaluation, 1090
Portal of Geriatric Online Education (POGOe), 192
Positron emission tomography (PET)

esophageal cancer in elderly, 752
pancreatic cancer, diagnosis and staging, 990

Post-operative cognitive dysfunction (POCD)
age, 1128
anesthesia, 1129
definition of, 1128
etiology of, 1129
pre-surgical concerns, 1130–1131
prevalence of, 1128
rehabilitation, 1129

Postoperative nausea and vomiting (PONV), 372
Postoperative pain management, elderly patients

addiction, 336–337
dependence, 336–337
dosing and delivery methods (see Dosing and delivery methods)
multimodal techniques

amitriptyline, 336
gabapentin, 335–336
glucocorticoids, 335
Ketamine, sub-anesthetic doses, 336
magnesium, meta-analysis study, 336
oral administration, 334–335
polypharmaceutical approach, 335
post operative pain syndrome, 335

nociception
endogenous analgesic systems, 322
Aa fibers, 322
neurophysiologic processes, 322
PCA, 323
perception of pain, 323

opioids, 325
organ function and aging, 324–325
parenteral NSAID

ketorolac analgesia, 325
ketorolac efficacy, 325
Parecoxib, 325
selective COX–2 and nonselective COX inhibitors, 325–326
symptomatic hepatic effects, 325

pharmacodynamics/pharmacokinetics, 323–324
post operative CNS dysfunction, 323
pseudoaddiction, 336–337
strong opioid agents (see Strong opioid agents)
tolerance, 336–337
unrelieved acute pain, harmful effects, 321–322
weak opioid agents (see Weak opioid agents)

Postvagotomy diarrhea, 777
Potassium, metabolic acid-base disturbance in elderly, 1033
Prehabilitation, 273
Preoperative assessment

dementia evaluation, 412
dementia, surgical interventions, 412
maintaining function during hospitalization, 413–414
post-hospital care

medicare, 414
subacute care (see Subacute care)
surgeon’s responsibility, 414
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Preoperative assessment in elderly cancer patient (PACE), 175, 241
Pre-operative evaluation, functional status

aging epidemiology, 267, 268
assessment factors, 282
cardiovascular assessment

algorithm, 280–281, 286
clinical predictors, 280
surgical procedure, 280, 281

cognitive assessment
delirium, 276–277
dementia, 276
depressive symptoms, 277

co-morbidity
chronic condition, 269
effects, 270
history and physical examination, 271
limitation of activity, 269, 270
nutritional and mental status, 270

functional status
measures, 272, 273
prehabilitation, 273
test, 273

hepatic assessment, 281
medication assessment, 271
nutritional assessment

screening test, 270, 274
serum albumin, 274
supplementation, 274, 275

objectives, 268–269
outcome, 269
patient preference, 268
processes of care, 282
pulmonary assessment

risk factors, 277–278
tools, 279, 280

renal assessment, 281
surgical disease, 268

Preoperative preparation
cholangiocarcinoma, assessment of resectability, 976
colorectal cancer surgery, 898–899

metastases and liver involvement, 1015–1016
Crohn’s disease (CD) surgery, 842–845
pancreatic cancer, staging during, 991–992
periampullary carcinoma, 991–992
ulcerative colitis (UC) surgery, 849

Preoperative procedures
liver tumors in elderly, 1007–1009

Preoperative risk stratification
abdominal aortic aneurysm surgery, 692–694

Presbycusis
anatomy and physiology, 526
epidemiology of, in elderly patients, 530

Presbyesophagus
esophageal physiology in elderly and, 712

Presbylarynx, age-related changes in, 535–536
Presbyosmia, age-related changes, 533
Presbyphonia, age-related changes in, 536
Presbystasis, 531–532
Pressure-flow studies, urinary incontinence in elderly women, 

1041–1042
Pressure sores

evaluation
blisters, 1259
bone/joint involvement, 1259
classification system, 1258–1259
deep tissue injury, 1259

history and physical examination, 1258
osteomyelitis, 1259–1260
skin intact, 1259
stage IV pressure ulcers, 1259
Staphylococcus aureus, 1260
subcutaneous destruction, 1259

management of
nutrition and other wound-promoting intrinsic factors, 1261
pressure and deleterious extrinsic factors, 1260–1261
wound care, 1261–1262

pathophysiology
Braden Scale for predicting pressure sore risk, 1258
extrinsic and intrinsic factors, 1257, 1258
malnutrition, 1258
necrosis, 1258

surgical treatment
foot pressure, 1268
greater trochanter pressure, 1265–1268
intraoperative resection, bone, 1262
intraoperative resection, soft tissue, 1262
ischial pressure, 1264–1265
postoperative care, 1268–1269
sacral, 1263–1264
wound coverage and closure, 1263

Pressure ulcers, nutrition, 102–103
Primary central nervous system lymphoma (PCNSL), 1152, 1154, 

1158
Primary hemostasis, 75
Primary hyperparathyroidism

clinical and diagnostic evaluation
common signs, 442–443
DEXA scanning, 443
HPTH abnormalities, 443
hypercalcemia management, 444
invasive techniques, 444
preoperative imaging studies, HPT, 443–444

clinical outcomes, 446–447
clinical presentation, 442
parathyroid carcinoma, 442
treatment

gamma probe exploration, 446
image-guided video parathyroidectomy, 446
NIH, 445
parathyroidectomy, 445
pharmacologic treatment, 445
symptomatic and asymptomatic primary HPTH, 445
symptoms and signs, 445

Primary open angle glaucoma (POAG), 517, 518
Primary sclerosing cholangitis, 973–974
Proactive care of older people undergoing elective surgery (POPS), 

176
Procurement procedure

abdominal organs, 1325
elderly donor considerations, 1324
thoracic organs removal, 1324–1325

Progestin therapy, uterine cancer, 1106–1108
Prognostication, 186
Proinflammatory cytokines, 53
Proliferating nuclear cell antigen (PCNA)

biliary tract function, age-related changes in, 722
gastric cancer in elderly patients and, 719

Propagated cluster contractions (PCCs), small intestine, age-related 
changes in, 718

Prostaglandins (PG), 52–53, 764
Prostate cancer

diagnostic evaluation, 1077
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epidemiology, 1075–1076
pathophysiology, 1076–1077
surgical treatment for, 1077–1080

Prostatectomy
benign prostatic hyperplasia (BPH), 1074–1075
prostate cancer treatment, 1079–1080

Prostate disorder, 194
Prostate gland

benign and malignant disease
diagnosis and evaluation, 1072–1073, 1077
epidemiology, 1071, 1075–1076
pathophysiology, 1076–1077
surgical treatment, 1073–1075, 1077–1080

zonal anatomy, 1069–1071
See also specific disease, e.g. Benign prostatic hyperplasia (BPH)

Protein, 97
Proton pump inhibitors (PPI), 731, 732
Proton pump system

stomach, age-related physiological changes in, 713
PSA test, prostate cancer evaluation, 1077
Pseudoaddiction, 336–337
Pubovaginal sling procedure, intrinsic sphincter deficiency, 1043
Pudendal nerve terminal motor latency, age-related changes in 

anorectum and, 724
Pulmonary assessment, risk factors, 277–278
Pulmonary circulation, age-related changes in, 601
Pulmonary complications

aspiration, 369–370
prevention, 370
respiratory failure, 370

Pulmonary function
abdominal aortic aneurysm (AAA), postoperative complications 

and, 698
airways and lung parenchyma, 595–597
in centenarian surgical patients, 215
chest wall changes, 598
conducting airways, 596
in elderly patients

airflow measurement, 602
gas exchange, 602–603
lung volume, 601–602

geriatric surgery, implications for, 603
lung parenchyma, 596–597
lung shape, 595–596
mechanical properties of lungs, 597
pulmonary function testing, 601
respiratory muscles, 598–599
structural macromolecule alteration, 597–598

Pulmonary implications, 298
Pulmonary surgery

consultation, patient and family members, 606
elderly cancer patients, 613
physiologic changes, 606
postoperative care

non-small cell lung cancer, 609–611
pulmonary carcinoids, 611–612
pulmonary mestastases, 612

preoperative evaluation
cardiac risk assessment, 607
cognitive assessment, 609
diagnosis and staging, 606
geriatric assessment, 606, 609
pulmonary risk assessment, 607–608

Pulse volume recordings (PVR), 664
Pulsion diverticula, lower gastrointestinal bleeding  

in elderly and, 807

Q
Quality-adjusted life years (QALY), 377, 378
Quality of care

aging, 172
definition, 171–172
evaluation, 177
geriatric surgery

indicators, 174
nursing program, 176
PACE components, 175
principles, 176
surgery vs. perioperative care, 175

measures, 177
patient outcome, 172–173
patient safety, 171
potential mechanism

data analysis, 173
feedback mechanism, 174
on-line web portal, 173
physical and occupational therapy, 174

Quality of life (QOL), 245

R
Radiation therapy (RT), 1157–1158

basal cell carcinoma, 1234
breast cancer patients, 484
cholangiocarcinoma, 975–976
colorectal cancer surgery, 902–903
esophageal cancer in elderly, 758
fallopian tube cancer, 1108
gallbladder cancer patients, 969
squamous cell carcinoma of the skin, 1230
vaginal cancer, 1104

Radical neck dissection (RND), 569
Radical nephrectomy, renal cell carcinoma  

(RCC), 1053
Radical vulvectomy, 1102–1103
Radicular neck pain, pathophysiology and management,  

1168–1170
Radioactive iodine therapy, treatment, 427
Radiodermatitis, angiosarcoma risk and, 1239
Radionuclide scintigraphy, lower gastrointestinal bleeding in the 

elderly, 812–813
Raloxifen, 42
Rapid visual information processing (RVIP), 224
Reaction time (RTI), 224
Rectal cancer

surgical technique for, 900–902
See also Colorectal cancer

Rectal intussusception, pathophysiology and treatment, 878
Rectal prolapse, pathophysiology treatment,  

881–883
Recurrence rates

appendicitis in elderly, 870
cervical cancer, 1105–1106
colonic volvulus, 884
colorectal cancer, 902–903
hernias, 919, 921
malignant melanoma, 1238
ovarian cancer, 1110
small bowel obstruction (SBO), 801

Recurrent cancer, 578–579
Reflux esophagitis, 545–546
Refusal of treatment, ethics of, 181
Renal assessment, 281
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Renal cell carcinoma (RCC)
epidemiology and etiology, 1049
incidence in elderly, 1049
management, 1051–1056

advanced stages, 1055–1056
laparoscopic radical nephrectomy, 1053–1054
nephron-sparing surgical therapy, 1054
radical nephrectomy, 1053
radiologic evaluation, 1051–1053
thermal ablative therapy, 1054–1055

natural history, 1049–1051
Renal disorder, 194
Renal function (M)

fluid and electrolyte balance in elderly and
aging kidney histopathology, 1025–1027
drug dose modification, 1027–1030
metabolic acid-base disturbance, 1030–1033
renal failure, prevention, 1035
renal handling, 1033–1035
structure and, 1025

Renal function, abdominal aortic aneurysm (AAA), postoperative  
risk management, 698

Renal implications, 300
Reperfusion syndromes

cerebrovascular disease pathophysiology and, 676
nonocclusive mesenteric ischemia (NOMI) and, 823

Resection techniques
appendicitis in elderly, 870
benign prostatic hyperplasia (BPH)

minimally invasive techniques, 1075
simple prostatectomy, 1074–1075
transurethral resection of the prostate (TURP), 1074

bile duct carcinoma in elderly patients and, 929
cholangiocarcinoma

assessment of efficacy, 976
procedures for, 977–978
survival rates, 980–981

colorectal tumors, 1016
Crohn’s disease (CD) surgery, 844
diverticular disease

complications from, management with, 864–866
uncomplicated diverticulitis, 862–863

esophageal cancer in elderly, 755–757
gallbladder cancer therapy

extended cholecystectomy, 970–971
extention of, bisegmentectomy, 971
simple cholecystectomy, 969–970

hepatocellular carcinoma (HCC) treatment, 1013–1014
mesenteric venous thrombosis, 831–832
nonocclusive mesenteric ischemia (NOMI), 827
pancreatic cancer

body and tail of, 995
mortality rate, age-related, 995
outcomes, 994
pancreaticoduodenectomy, 992–993
perioperative outcome, in elderly patients, 993
population-based studies, 995

rectal cancer therapy, 901
rectal prolapse therapy, 881

Residency Review Committee (RRC), 173
Residency Review Committee for Internal Medicine (RRC-IM), 173
Residency training, 163
Respiratory load compensation, age-related changes in, 600–601
Respiratory muscles, age-related changes in, 598–599
Respiratory system, age-related changes

airways and lung parenchyma, 595–597
chest wall changes, 598

conducting airways, 596
geriatric surgery, implications for, 603
lung parenchyma, 596–597
lung shape, 595–596
mechanical properties of lungs, 597
pulmonary function testing, 601
respiratory muscles, 598–599
structural macromolecule alteration, 597–598

Retroperitoneal sarcoma
radiation in, 1251
recurrence in, 1251
subtypes, 1251
surgery goals, 1250

Retroperitoneal technique, abdominal aortic aneurysms, 697
Retropubic prostatectomy, prostate cancer treatment, 1079–1080
Revascularization procedures

cardiac surgery in elderly patients, risk reduction strategies, 654
chronic arterial mesenteric ischemia and, 827
chronic arterial mesenteric ischemia, surgical techniques, 828, 829

Risk-benefit equation, 350, 355
Risk factors

atherosclerosis, 635–644
cervical cancer, 1104
cholangiocarcinoma, resectioning assessment, 976
metastases and liver involvement, 1015–1016
pancreatic tumors in elderly, 985–986

Ritcher’s hernia, incidence and repair of, 921
Rituximab, 46
Rovsing’s sign, appendicitis in elderly, 868
Rule of double effect, ethical principle, 187

S
Sacrospinous ligament fixation, pelvic organ prolapse, 1094
Saliva, 506
Salivary gland tumors

chemotherapy, 582
diagnosis, 580
parotid gland, 579
prognosis, 582
radiation, 582
sublingual glands, 579
submandibular gland, 579
surgery, 581–582

Satariano’s index of co-morbidities (SIC), 175
Sciatica, pathophysiology and management, 1176–1178
Scintidefecography, constipation in elderly and, 878
Scoliosis in elderly patients, pathophysiology and management, 

1180–1182
Screening Abdominal Aortic Aneurysms Very Efficiently Act, 

(SAAAVE), 691
Screening technique

breast cancer, 479–482
colorectal cancer

barium enema, 894–895
colonoscopy, 895
computed tomographic colonoscopy, 895–896
cost-effectiveness issues, 892–893
definition, 892
digital rectal examination, 896
fecal immunochemical testing, 893–894
fecal occult blood testing, 893
guidlines for, 896
high-risk elderly patients, 896
sigmoidoscopy, 894
stool DNA test, 894

Sebaceous hyperplasia, pathophysiology and treatment, 1226
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Seborrheic keratoses, pathophysiology and treatment, 1223–1224
Secondary and tertiary hyperparathyroidism

clinical and diagnostic evaluation
CRF, 447–449
disseminated calcification syndrome, 449
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Sensory presbycusis, pathophysiology of, 530
Sentinel lymph node biopsy

elderly breast cancer patients, 485–486
vulvar cancer, 1102–1103

Seprafilmr, 802
Sertoli-Leydig cell tumor, ovarian cancer, 1110
Serum HDL-cholesterol, coronary artery disease risk and, 642
Serum lipids

extracranial carotid arterial disease (ECAD), 641
peripheral arterial disease and, 640

Serum triglycerides, coronary artery disease (CAD) risk and, 640
Sex cord-stromal tumor, ovarian cancer, 1110
Sharon Inouye’s Confusion Assessment Method, 412
Shock and hemotherapy, 359
Shoulder syndrome, 569
Sigmoid colon

diverticular disease in, 858
resection, uncomplicated diverticulitis, 862–863

Sigmoidoscopy, colorectal cancer screening, 894, 896
Sinus thrombosis, 1143
Skeletal muscle, 1208–1209
Skin disease

age-related changes, 1222–1223
anatomy, 1221–1222
benign lesions, 1223–1228

acrochordons (skin tags), 1225
cherry hemangioma (Campbell de Morgan spots), 1227
chondrodermatitis nodularis helicis, 1226–1227
melanocytic nevocellular nevi (moles), 1225
sebaceous hyperplasia, 1226
seborrheic keratoses, 1223–1224
solar lentigo (senile lentigo, actinic lentigo), 1224
venous lakes, 1227–1228
xanthelasma palpebrarum (eyelid xanthomas), 1225–1226

malignant lesions

angiosarcoma, 1239
atypical fibroxanthoma, 1238basal cell carcinoma (BCC), 

1233–1235
keratoacanthomas (KAs), 1233
melanoma (see Melanoma)
merkel cell carcinoma, 1238–1239
squamous cell carcinoma, 1232–1233

premalignant lesions
actinic cheilitis, 1229–1230
actinic keratoses (solar keratoses), 1228–1229
Bowen’s disease (squamous cell carcinoma in situ),  

1230–1231
cutaneous horn, 1230

lentigo maligna, 1231–1232
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Surveillance procedures, 903
Survival rates

abdominal aortic aneurysm (AAA), post-surgical rates, 691
cervical cancer, 1105
cholangiocarcinoma risk and, 978
esophageal cancer in elderly, 748
fallopian tube, 1109
gallbladder cancer, 971–973
kidney transplant patients, 1339
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kidney, 1327
LAS, 1327
MELD, 1327
UNOS heart allocation, 1327

outcome assessment procedures, 1347
procurement procedure
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Traumatic brain injury (TBI)
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Truth-telling, ethics of, 179–180
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Tumors. See Benign tumors; Salivary gland tumors
Type 2 diabetes mellitus, 493
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Type II diabetes, 519

U
Ulcerative colitis (UC)

differential diagnosis, 839
epidemiology, 838
incidence in elderly, 838
lower gastrointestinal bleeding in elderly and, 808
presentation and natural history, 839–840
surgical therapy

elective surgery indications, 848
emergency surgery, 848–849
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cholangiocarcinoma diagnosis, 975
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gallbladder cancer diagnosis, 969
pancreatic cancer diagnosis, staging with, 990
renal cell carcinoma (RCC), 1051

Ultraviolet radiation exposure
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DNA damage, 16
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Uniform Determination of Death Act, 1322
Unintentional injury, in elderly, mortality statistics on, 391
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United Network for Organ Sharing (UNOS), kidney transplants in 
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end-stage renal disease incidence, 1336

United States
cervical cancer incidence, 1104
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uterine cancer, 1106
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Upper esophageal sphincter (UES), age-related physiological changes 
in, 711, 712

Uretheral caruncles, pathophysiology and management, 1088
Uretheral diverticulum, pathophysiology and management, 1088
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Urethral function
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Urethral suspension procedures, urinary incontinence management, in 
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Urge urinary incontinence
in elderly men, 1045–1048
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Urinary incontinence (UI), 194

definition, 1091
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pathophysiology of, 1046–1047
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incidence in elderly, 1039–1040
nonsurgical treatment of, 1091
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Urogenital system in elderly, commentary and analysis, 1023–1024
Ursodeoxycholic acid (UDCA), chronic cholecystitis management, 951
Usual aging, 144–145
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V
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cancer of, 1103–1104
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Weak opioid agents
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local wound management, 119–121
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therapeutic approaches
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wound closure, 112

X
Xanthelasma palpebrarum (eyelid xanthomas), 1225–1226
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	Principles and Practice of Geriatric Surgery, Second Edition
	Front-matter
	Principles and Practice
of Geriatric Surgery
	Copyright
	Contents
	Contributors


	Section I: Physiology of Aging
	Chapter 1: Invited Commentary
	The Future
	Demographics and Dollars
	Geriatrics Is a Frontier
	Quest for Excellence
	The Challenge
	Medical Care from Here to the Future
	Scientific Advances in Geriatrics
	The Road Ahead for the Physician
	References

	Chapter 2: Cell and Molecular Aging*
	Introduction
	Life Span and Life Expectancy
	Characteristics of Aging
	Mechanisms/Theories of Aging
	Developmental/Genetic Theories
	Antagonistic Pleiotropy
	Longevity Genes
	Disposable Soma Theory

	Stochastic Theories
	Free Radical/Oxidative Stress
	Mitochondrial Dysfunction Theory of Aging
	DNA Damage Theory of Aging: Somatic Mutation, DNA Repair, Error Catastrophe

	Models of Aging
	Accelerated Aging Syndromes in Humans
	Mouse Models of Aging
	Cellular Senescence as a Model for Aging


	Aging and Cancer
	Aging, Nutrition and Metabolism: A Modern-Day Elixir of Life?
	Conclusions
	References

	Chapter 3: Cancer, Carcinogenesis, and Aging
	Epidemiology of Cancer in the Aged
	The Age Window
	Variations in the Incidence of Different Cancers in Older Individuals
	Cancer Epidemics
	Who Are the Elderly with Cancer?
	Presentation of Cancer in the Older Person
	Multiple Malignancies
	Cancer Behavior and Age
	Consequences of Cancer and Its Treatment in the Older Person

	Biologic Interactions of Cancer and Age
	Aging and Carcinogenesis
	Aging and Tumor Growth

	Aging and Cancer Prevention
	Chemoprevention
	Screening and Early Detection of Cancer

	Aging and Cancer Treatment
	Assessing the Geriatric Patient for Cancer Treatment
	Systemic Therapy
	Hormonal Therapy
	Cytotoxic Chemotherapy
	Targeted Therapy


	Conclusions
	References

	Chapter 4: Effects of Aging on Immune Function
	Physiologic changes with age – immune system
	Changes in Immune Cell Function with Age
	T Lymphocytes
	B Lymphocytes

	Macrophage Function
	Natural Killer Cells
	Changes in Production and Response to Regulatory Factors
	Prostaglandins
	Interleukins
	Proinflammatory Cytokines

	Clinical Implications of Age-Related Immune Changes
	All-Cause Mortality
	Response to Immunization and Infections
	Influenza
	Pneumococcal Pneumonia
	Tuberculosis and Intracellular Infections
	Herpes Zoster


	Stress, Immunity, and Aging (Table 4.1)
	Physical Stress
	Psychological Stress
	Spaceflight

	Reversal of Age-Related Declines in Immune Function
	References

	Chapter 5: Hematological Changes, Anemia, and Bleeding in Older Persons
	Introduction
	Hematopoiesis [1]
	Anemia [9, 10]
	Presentation of Anemia
	Workup of Anemia
	The Hypoproliferative Anemias [9]
	Iron-Deficient Erythropoiesis
	Lack of Erythropoietin
	Stem Cell Dysfunction and/or Aplastic Anemia

	Ineffective Erythropoiesis [16]
	Vitamin B12, Folate, and Homocysteine [16]

	Hemolytic Anemias [9]

	Hemostasis and Thrombosis
	Bleeding Diathesis
	Platelets
	Hereditary Factor Deficiencies
	Acquired Factor Deficiencies

	Workup of a Patient with a Bleeding Disorder
	Thrombophilia
	Heparin-Induced Thrombocytopenia [50]
	The Lupus Anticoagulant [52, 53]
	Myeloproliferative Disorders [55]
	Mechanical Causes

	Workup of a Patient with a Clotting Disorder
	Blood Products and Transfusions [32, 39, 44, 61, 62]

	References

	Chapter 6: Invited Commentary
	Chapter 7: Nutrition
	Nutrition in the Elderly
	Physical and Psychosocial Issues in Nutrition
	Age-Related Changes in Body Composition
	Lean Body Mass
	Body Fat
	Energy Requirements

	Nutritional Assessment
	History and Physical Examination
	Nutrition Screening Initiative
	Anthropometrics
	Biochemical Markers
	Immune Markers
	Functional Assessment

	Nutritional Requirements of the Elderly
	Fluid Requirements
	Energy Requirements
	Protein Requirements
	Vitamin Requirements
	Vitamin A
	Vitamin B6
	Vitamin B12
	Calcium and Vitamin D


	Nutritional Problems in the Elderly
	Obesity
	Anorexia of Aging
	Cachexia
	Sarcopenia
	Unintentional Weight Loss
	Frailty
	Anemia
	Calorie Restriction


	Nutritional Supplementation
	Acute Care
	Enteral Nutrition
	Total Parenteral Nutrition


	Nutritional Issues in Specific Disease States
	Pancreatitis
	Enterocutaneous Fistula
	Pressure Ulcers
	Palliative Care

	Case Study
	References

	Chapter 8: Wound Healing in the Elderly
	Introduction
	Physiology of Wound Healing
	Coagulation
	Inflammation
	Fibroplasia
	Remodeling

	Aging and Wound Healing
	Coagulation and Inflammation
	Proliferation
	Remodeling and Collagen Deposition
	Skin Stem Cells
	Co-morbidities
	Nutrition
	Diabetes
	Hypoxia and Hypoperfusion
	Infections

	Drugs

	Therapeutic Approaches
	Nutritional Support
	Growth Hormone
	Oxygen
	Gene Therapy
	Tissue Engineering

	Conclusion
	Local Wound Management in the Elderly
	Case Study: Geriatric Wound Healing
	Background
	Medical History

	The Wound
	Management Strategies
	Surgical Debridement

	Diabetes
	Infectious Disease
	Nutritional Support
	Ascites
	COPD
	Coronary Artery Disease
	Delirium
	Outcome

	References

	Chapter 9: Frailty and Surgery in the Elderly
	Introduction
	Limitations of Age as a Predictor
	Clinical Decision Making
	Frailty
	Clinical Outcomes of Frailty
	Biologic Basis of Frailty
	Clinical Utility
	Research Utility

	Conclusion (Table 9.3)
	References


	Section II: Social/Societal Issues
	Chapter 10: Invited Commentary
	Introduction

	Chapter 11: The Demography of Aging and Disability
	The Demography of Aging
	Causes and Consequences of Population Aging
	Sex and Racial Differences
	Shifting Mortality Patterns
	Fertility
	Developing Countries
	Concepts in Individual Aging
	Differential, Usual, and Successful Aging
	Consequences of Successful Aging
	Future Trends

	Aging and Disability
	Aging and Health Services Utilization
	Effective Interventions in the Elderly

	References

	Chapter 12: Providing Surgical Care to an Aging Population: Implications for the Surgical Workforce
	Introduction
	Older Individuals in the US Population: Disproportionately High Use of Resources
	Hospital-Based Care
	Inpatient Procedures
	Outpatient Procedures

	Older Patients are Different
	Current Capacity
	Physician Workforce Capacity
	Hospital Capacity

	Forecasting Utilization
	Needs-Based Models
	Demands-Based Models
	Economic Models

	The Surgical Workforce
	Training: Medical Schools
	Residency Training
	Work Effort
	General Surgery: A Case in Point

	Health Care Reform: Will It Solve the Problem?
	Access to Care
	Regional Variation in Procedure Utilization
	Technological Advance

	Summary: Looking Toward the Future
	References

	Chapter 13: Defining Quality of Care in Geriatric Surgery
	Introduction
	Emphasis on Patient Safety and Quality of Care

	Quality of Care Definitions
	The Impact of the Aging Population
	Unique Processes of Care and Outcomes in Geriatric Surgery
	Potential Mechanisms for Improving the Quality of Elderly Surgical Care
	Current Research on Geriatric Surgery Quality of Care
	Conclusion
	References

	Chapter 14: Ethics in Clinical Practice
	Introduction
	Truth-Telling
	Informed Consent
	Assessment of Decisional Capacity
	Decision-Making for Incapacitated Patients (Table 14.6)
	DNR Orders in the Operating Room
	Confidentiality
	Limits to Autonomy and Choice (Futility)
	Prognostication
	Decisions Near the End of Life
	Conclusion
	References

	Chapter 15: Teaching Geriatrics to Surgeons
	Introduction
	Assessment of Need
	Integrating Geriatrics into a General Surgery Curriculum
	Champ
	E-Learning for Licensed Professionals
	Texas Tech Medcast Reynolds Geriatrics Series
	Elder Care

	Resources
	General Online Resources
	Resources by Topic
	Delirium
	Adverse Drug Events and Polypharmacy
	Renal and Prostate Disorders
	Urinary Incontinence and Inappropriate Bladder Catheterization
	Electrolyte Disturbances
	Falls
	Functional Decline
	Malnutrition
	Pressure Ulcers
	Preoperative Evaluation of the Elderly Patient
	Pain Control

	Summary
	References

	Chapter 16: Palliative Care and Decision Making at the End of Life
	Case Study
	Palliative Care
	Symptom Management
	Pain
	Dyspnea
	Constipation and Obstruction
	Anorexia and Nutritional Concerns
	Delirium
	Adverse Drug Reactions

	Prognosis
	Advance Directives
	Hospice
	Communication and Establishing Goals of Medical Care
	References

	Chapter 17: Surgery in Centenarians
	History
	Case Studies
	Case 1
	Case 2
	Case 3

	Discussion
	Physiologic Changes in Centenarians
	Pathology in Centenarians
	Determinants of Extreme Longevity
	Selective Survival Hypothesis

	Supercentenarians
	Conclusions
	References

	Chapter 18: The Effect of Advancing Age on Physician Performance
	Introduction
	The Physiology of Aging in Relation to Performance
	The Effect of Age on Physician Skill
	The Effect of Physician Age on Patient Outcomes
	Implications for Practicing Physicians and Policy Makers
	References


	Section III: Perioperative Issues
	Chapter 19: Invited Commentary
	Defining the Borders of Your Professional Turf
	Unique Skills
	Defending Your Borders
	Allies
	Internal Stability
	The Slippery Slope of Health Care Specialization
	Health Policy Decisions

	Chapter 20: Principles of Geriatric Surgery
	Case Study
	Principle I: Clinical Presentation
	Principle II: Lack of Reserve
	Principle III: Preoperative Preparation
	Principle IV: Emergency Surgery
	Principle V: Attention to Detail
	Principle VI: Age is a Scientific Fact
	Case Study: Follow-Up
	Conclusion
	References

	Chapter 21: Geriatric Models of Care
	Introduction
	Complications of Older Hospitalized Patients
	Functional Decline
	Fall-Related Injury
	Undernutrition/Malnutrition
	Pressure Ulcers
	Urinary Tract Infection
	Delirium

	Geriatric Care Model Objectives
	Educate Health-Care Providers in Core Geriatric Principles
	Target Risk Factors for Complications
	Incorporate Patient (Family) Choices and Treatment Goals
	Employ Evidence-Based Interventions
	Promote Interdisciplinary Communication
	Emphasize Discharge Planning (or Transitional Care)

	Geriatric Models
	Geriatric Consultation Service
	Acute Care for the Elderly Units
	Nurses Improving the Care of Health System Elders
	The Hospital Elder Life Program
	Transitional Care Models
	New Specialty Models

	Conclusion
	References

	Chapter 22: Preoperative Evaluation of the Older Surgical Patient
	Introduction
	Aging Epidemiology
	Pattern of Surgical Disease in the Elderly
	Eliciting Patients’ Preferences
	Objectives of Preoperative Assessment

	General Evaluation
	Affect of Age on Perioperative Outcomes
	Comorbidity
	Medication Assessment

	Geriatrics-Specific Evaluation
	Functional Status Evaluation
	Measures of Functional Status
	American Society of Anesthesiologists Classification
	Activities of Daily Living
	Exercise Capacity (in Metabolic Equivalents)

	Tests of Functional Ability
	Prehabilitation

	Nutritional Assessment
	Preoperative Serum Albumin
	Nutrition Screening Tests
	Preoperative Nutritional Supplementation

	Cognitive Assessment
	Screening Tools for Dementia
	Delirium
	Depressive Symptoms


	Specific Organ System Evaluations
	Pulmonary Assessment
	Risk Factors
	Patient-Related Risk Factors
	Procedure-Related Risk Factors

	Pulmonary Assessment Tools
	Tests for Aspiration Risk
	Laboratory/Radiology Tests
	Pulmonary Function Evaluation


	Cardiovascular Assessment
	Clinical Risk Factors
	Perioperative Algorithm (Appendix 22.5)
	Step 1: Determine the Urgency of Noncardiac Surgery
	Step 2: Determine If Any Active Cardiac Conditions Exist
	Step 3: Consider the Risk of the Planned Surgery
	Step 4: Consider the Functional Capacity and Symptom Status of the Patient
	Step 5: Determine If Clinical Risk Factors Are Present For Patients with Poor Functional
Capacity or Symptoms


	Renal Assessment
	Physiological Changes of the Aging Kidney
	Glomerular Filtration Rate

	Hepatic Assessment

	Processes of Care to Improve Outcomes
	Preoperative Evaluation of Postoperative Needs
	Surgery–Geriatrics Comanagement Models

	Summary
	Appendix 22.1 Mini-Cog Screen for Dementia
	Appendix 22.2 St. Louis University Mental Status (SLUMS) Examination
	Appendix 22.3 Michigan Alcoholism Screening Test: Geriatric Version (MAST-G)
	Appendix 22.4 The Geriatric Depression Scale (Short Form)
	Appendix 22.5 Cardiac Evaluation and Care Algorithm
	References

	Chapter 23: Invited Commentary
	Chapter 24: Physiologic Response to Anesthesia in the Elderly
	Introduction
	Cardiovascular Implications of Anesthesia in the Elderly
	Cardiovascular Effects of Anesthesia
	Cardiovascular Changes with Aging That Effect Anesthetic Physiology
	The Interplay of the Aging Cardiovascular System and the Effects of Anesthesia

	Regional Anesthesia: Spinal and Epidural
	Pulmonary Implications of Anesthesia in the Elderly
	Pulmonary Effects of Anesthesia
	Pulmonary Changes with Aging That Effect Anesthetic Physiology
	The Interplay of the Aging Pulmonary System and the Effects of Anesthesia
	Regional Anesthesia and Pulmonary Implications

	Physiologic Response to Anesthesia in the Aging Nervous System
	Altered Pharmacodynamics
	Increased Susceptibility to Postoperative Delirium and Cognitive Dysfunction

	Renal Implications of Anesthesia in the Elderly
	Hepatic Implications of Anesthesia in the Elderly
	Endocrine Implications of Anesthesia in the Elderly
	Thermoregulation
	Summary
	References

	Chapter 25: Choosing the Best Anesthetic Regimen
	Introduction
	Why Is Anesthesia a Particular Concern in Elderly Patients?
	Choosing the Anesthetic Regimen
	Case Study: Part 1
	General Considerations for the Elderly Patient

	Anesthetic Choices
	Aspiration
	General Anesthesia
	Regional Anesthesia
	Neuraxial Anesthesia
	Monitored Anesthesia Care

	Case Study: Part 2
	Minimum Requirements for Anesthesia
	Preoperative Assessment
	Laboratory and Other Testing
	Consultations
	Institutionalized Patients
	Case Study: Part 3
	NPO Status (Table 25.5)
	Medications

	Case Study: Part 4
	Special Considerations
	Cardiac Adverse Events
	Pulmonary Disease
	Renal and Metabolic
	Nervous System Assessment
	Postoperative Cognitive Disorders

	The Intraoperative Course
	Monitoring
	The Surgery

	Medications
	Anxiolytics
	Induction Agents
	Opioids
	Neuromuscular Blocking Agents
	Inhalational Agents
	Other

	Ambulatory Surgery
	Temperature Control
	Summary
	Case Study: Part 5
	References

	Chapter 26: Acute Postoperative Pain Management in Elderly Patients
	Nociception Is Not Pain
	Postoperative Central Nervous System Dysfunction
	Pharmacodynamics/Pharmacokinetics, Organ Function, and Aging
	Parenteral NSAIDs
	Opioids
	Weak Opioid Agents
	Strong Opioid Agents
	Principles of Dosing and Delivery Methods
	PCA and Intravenous Infusions
	Intraspinal Administration
	Peripheral Nerve Block Analgesia

	Multimodal Techniques for Acute Postoperative Pain Management in the Elderly
	Oral Administration
	Special Circumstances

	Addiction, Dependence, Tolerance, and Pseudoaddiction
	Conclusion
	References

	Chapter 27: Drug Usage in Surgical Patients: Preventing Medication-Related Problems
	Biology of Aging
	Drug Absorption
	Distribution
	Metabolism
	Pharmacogenomics and the Cytochrome P450 Enzymes
	Renal Elimination


	Medication-Related Problems in the Elderly
	Polypharmacy and the Surgeon

	General Principles of Prescribing
	Specific Prescribing Issues
	Delirium
	Antipsychotics
	Antidepressants
	Anxiolytics
	Sedative/Hypnotics
	Pain Management
	Antihistamines
	Antibiotics

	Summary
	References

	Chapter 28: Invited Commentary
	Chapter 29: Common Perioperative Complications in Older Patients
	Introduction
	Age-Related Complications
	Delirium
	Impact on Outcome
	Etiology, Risk Factors, and Precipitating Factors
	Diagnosis
	Evaluation and Treatment
	Prevention


	Falls
	Functional Decline
	Other General Complications
	Infection

	Complications of Specific Organ Systems
	Cardiac Complications
	Myocardial Ischemia and Infarction
	Dysrhythmias
	Congestive Heart Failure

	Pulmonary Complications
	Aspiration
	Respiratory Failure
	Prevention of Pulmonary Complications

	Venous Thromboembolism
	Anemia
	Urinary and Renal Dysfunction
	Gastrointestinal Complications
	Postoperative Nausea and Vomiting
	Dysphagia
	Postoperative Ileus


	Summary
	References

	Chapter 30: Management and Outcomes of Intensive Care in the Geriatric Surgical Patient
	Introduction
	Outcomes
	Mortality
	Health-Related Quality of Life
	Other Factors
	Conclusions

	Respiratory Insufficiency and Failure
	Changes in Pulmonary Function Associated with Aging
	Outcomes
	Clinical Management

	Delirium
	Definition, Assessment, and Incidence
	Predisposing Factors
	Predisposing Factors for Delirium in the ICU

	Evaluation, Prevention, and Treatment
	Outcomes

	Shock and Hemodynamic Monitoring
	Changes in the Cardiovascular System Associated with Aging
	Monitoring and Management of Shock

	Acute Kidney Injury and RenalReplacement Therapy
	Changes in the Renal System Associatedwith Aging
	Clinical Management
	Outcomes: Renal Replacement Therapy

	Nutrition
	Caring for Dying Patients
	Reaching Consensus
	Open Communication
	Goals of Therapy
	Process

	Conclusion
	References

	Chapter 31: Care of the Injured Elderly
	Injured Elderly
	Altered Physiology and Comorbidities
	Influences of Senescence and Consequences of Comorbid Diseases
	Central Nervous System
	Cardiovascular
	Pulmonary
	Renal Disease
	Musculoskeletal
	Gastrointestinal
	Metabolic/Endocrine

	Epidemiology of Injury in the Elderly
	Falls
	Motor Vehicle Collision
	Pedestrian–Motor Vehicle Collision
	Burns
	Elder Abuse
	Suicide

	Management
	Triage
	Initial Management and Resuscitation

	Management Considerations for Specific Injuries in the Elderly
	Head Injuries
	Spinal Injuries
	Thoracic Injuries
	Abdomen/Pelvis Injuries
	Fractures
	Burns
	Rehabilitation
	Long-Term Outcome
	Prevention
	End of Life/Withdrawal of Care

	Case Study
	Physical Exam
	Things to Consider
	Hospital Course

	References

	Chapter 32: Maximizing Postoperative Functional Recovery
	Case Study
	Preoperative Assessment
	Maintaining Function During Hospitalization
	“Geriatric Vital Signs”

	Posthospital Care
	Subacute Care


	References


	Section IV: Endocrine System/Breast
	Chapter 33: Invited Commentary
	Chapter 34: Surgical Disorders of the Thyroid in the Elderly
	Case Study
	Introduction
	Thyroid Function
	Thyroid Dysfunction
	Hypothyroidism
	Epidemiology
	Clinical and Diagnostic Evaluation
	Treatment

	Hyperthyroidism
	Epidemiology
	Clinical and Diagnostic Evaluation
	Treatment
	Antithyroid Medication
	Radioactive Iodine Therapy
	Thyroid Surgery


	Nodules
	Epidemiology
	Clinical and Diagnostic Evaluation
	Treatment

	Neoplasia
	Epidemiology
	Clinical and Diagnostic Evaluation
	Treatment

	Conclusion
	Case Study Resolution
	References

	Chapter 35: Parathyroid Disease in the Elderly
	Case Study
	Introduction
	Mineral Homeostasis
	Parathyroid Hormone (PTH)
	Vitamin D
	Calcitonin

	Hypercalcemia
	Non-Parathyroid-Mediated Hypercalcemia
	Parathyroid-Mediated Hypercalcemia

	Hyperparathyroidism
	Primary Hyperparathyroidism
	Clinical and Diagnostic Evaluation
	Treatment
	Clinical Outcomes

	Secondary and Tertiary Hyperparathyroidism
	Clinical and Diagnostic Evaluation
	Treatment
	Clinical Outcomes


	Conclusion
	Case Study Resolution
	References

	Chapter 36: Adrenal Tumors in Older Persons
	Case Study
	Introduction
	Anatomy and Pathophysiology
	Anatomy
	Physiology
	Molecular Pathology

	Evaluation of the Adrenal Incidentaloma
	Functioning Tumors
	Cortisol-Producing Adrenocortical Adenomas
	Aldosterone-Producing Adrenocortical Adenomas
	Sex-Steroid Producing Adrenal Tumors
	Adrenocortical Carcinoma
	Pheochromocytoma and Abdominal Paraganglioma

	Nonfunctioning Tumors
	Benign Adrenocortical Adenoma and Myelolipoma
	Rare Adrenal Masses
	Adrenal Metastasis

	Surgical Management and Technique
	References

	Chapter 37: Benign Breast Disease in Elderly Women and Men
	Physiologic Changes in the Breast
	Gynecomastia
	Classification of Gynecomastia
	Etiology of Gynecomastia
	Clinical Evaluation of Gynecomastia
	Treatment of Gynecomastia

	Case Study
	Perimenopausal Benign Breast Disease
	Mastalgia and Nodular Breasts

	Ductal Ectasia
	Cystic Disease of the Breast
	Fibroadenoma
	Benign Breast Calcifications in the Elderly
	Hormone Replacement Therapy and Mammographic Findings
	References

	Chapter 38: Breast Cancer in Elderly Women
	Case Study
	Management

	Epidemiology
	Screening
	Local Therapy of Breast Cancer
	Mastectomy
	Breast-Conserving Surgery in the Elderly
	Sentinel Lymph Node Biopsy
	Primary Endocrine Therapy as an Alternative Local Therapy
	Systemic Therapy
	Patterns of Care in the Elderly
	Healthy vs. Frail Elderly Patients
	Summary
	References

	Chapter 39: Diabetes in the Elderly
	Diabetes Mellitus
	References


	Section V: Oral Cavity, Eyes, Ears, Nose and Throat
	Chapter 40: Invited Commentary
	References

	Chapter 41: Changes in the Oral Cavity with Age
	Introduction
	Changes Associated with Aging in the Oral Cavity
	Oral Manifestations of Systemic Disorders
	Musculoskeletal Disorders: Osteoarthritis, Rheumatoid Arthritis, Osteoporosis
	Cardiovascular Disease and Oral Health in the Elderly
	Diabetes and the Oral Cavity in the Elderly
	Mental Health Conditions and the Oral Cavity in the Elderly
	Alzheimer’s Disease
	Stroke


	Nutritional Status and Dental Health in the Elderly
	Aspiration Pneumonia
	Saliva
	Xerostomia
	Oral Mucosal Lesions in the Elderly
	Opportunistic Infections
	Candidiasis

	Case Study
	Human Immunodeficiency Virus

	Surgical Considerations in the Geriatric Population
	Summary
	References

	Chapter 42: Geriatric Ophthalmology
	Case Study
	Significance of the Problem
	Major Ophthalmic Conditions in the Elderly
	Age-Related Cataract
	Age-Related Macular Degeneration
	Glaucoma
	Diabetic Retinopathy
	Giant Cell Arteritis
	Non-arteritic Anterior Ischemic Optic Neuropathy

	Case Study: Resolution
	Summary
	References

	Chapter 43: Anatomic and Physiologic Changes in the Ears, Nose, and Throat
	Introduction
	The Aging Ear
	Auditory Anatomy and Physiology
	External Ear
	Middle Ear
	Cochlea
	Auditory Nerve

	Central Auditory Processing
	Auditory Function
	Clinical Implications
	Vestibular Anatomy and Physiology
	Vestibular Function
	Clinical Implications

	The Aging Nose
	Anatomy and Physiology
	Olfactory Function
	Clinical Implications

	The Aging Throat
	Anatomy and Physiology
	Ageing Changes in Voice Function and Swallowing
	Voice Function
	Oropharyngeal Function

	Clinical Implications

	Summary
	References

	Chapter 44: Geriatric Dysphagia
	Introduction
	Swallowing Physiology
	Age-Related Changes to Swallowing Mechanism
	Evaluation
	History
	Physical Examination
	Additional Studies

	Etiology
	Case Study
	Treatment
	Surgical Management
	Esophageal and Cricopharyngeal Narrowing
	Zenker’s Diverticula
	Glottal Insufficiency
	Other Procedures


	Summary
	References

	Chapter 45: Head and Neck Cancer in the Elderly
	Clinical Anatomy of the Head and Neck
	Epidemiology and Risk Factors
	Prevention
	Natural History of the Disease
	Second Primary Tumors
	Clinical Presentation
	Diagnostic Workup
	Imaging
	Examination Under Anesthesia
	Molecular Genetics and Pathogenesis
	Pathologic Classification
	Staging
	Principles of Treatment
	Unknown Primary Tumors
	Treatment of the Neck
	Nasal Cavity and Paranasal Sinuses
	Nasopharynx
	Oral Cavity
	Oropharynx
	Management of Mandible
	Hypopharynx
	Larynx
	Recurrent and Metastatic Cancer
	Salivary Gland Tumors
	Diagnostic Work-up
	Benign Tumors
	Malignant Salivary Tumors
	Treatment of Salivary Tumors
	Surgery
	Radiation
	Chemotherapy
	Prognosis

	Follow-up of Head and Neck Cancer Patients
	References


	Section VI: Respiratory System
	Chapter 46: Invited Commentary
	Early History
	The Past: 1944–1985
	The Present Day: 1986 Onward
	Personal Commentary
	References

	Chapter 47: Physiologic Changes in Respiratory Function
	Airways and Lung Parenchyma Lung Shape
	Conducting Airways
	Lung Parenchyma
	Mechanical Properties of the Lungs
	Changes in Lung Recoil Due to Surface Forces
	Changes in Structural Macromolecules
	Chest Wall
	Muscles of Respiration
	Control of Breathing
	Diminished Ventilatory Response to Hypercapnia
	Diminished Ventilatory Response to Hypoxia
	Diminished Occlusion Pressure Responses
	Respiratory Load Compensation and Dyspnea
	Pulmonary Circulation
	Pulmonary Function Tests
	Lung Volumes
	Airflow
	Gas Exchange
	Summary and Implications for Geriatric Surgery
	References

	Chapter 48: Pulmonary Surgery for Malignant Disease in the Elderly
	Case Study
	Introduction
	Physiologic Changes of Age
	Preoperative Evaluation
	Cardiac Risk Assessment
	Pulmonary Risk Assessment
	Cognitive Assessment
	Geriatric Assessments

	Postoperative Care
	Non-small Cell Lung Cancer
	Stage at Presentation
	Histology
	Extent of Resection

	Pulmonary Carcinoid
	Surgical Resection for Pulmonary Metastases

	Treatment Patterns of Elderly Cancer Patients
	Case Study Update
	Summary Recommendations
	References


	Section VII: Cardiovascular System
	Chapter 49: Invited Commentary
	Chapter 50: Physiologic Changes in Cardiac Function with Aging
	Afterload
	Preload
	Contractility
	Diastolic Function
	Cardiovascular Response to Exercise
	Age-Related Changes in Cardiovascular Function
	Treatment of Congestive Heart Failure
	Abnormal Left Ventricular Ejection Fraction
	Normal Left Ventricular Ejection Fraction
	Cardiovascular Disease
	Aortic Valve Disease
	Mitral Valvular Disease
	Conduction Defects
	Conclusions
	References

	Chapter 51: Risk Factors for Atherosclerosis in the Elderly
	Cigarette Smoking
	Coronary Artery Disease
	Peripheral Arterial Disease
	Atherothrombotic Brain Infarction
	Extracranial Carotid Arterial Disease

	Hypertension
	Coronary Artery Disease
	Peripheral Arterial Disease
	Atherothrombotic Brain Infarction
	Extracranial Carotid Arterial Disease

	Left Ventricular Hypertrophy
	Coronary Events
	Atherothrombotic Brain Infarction

	Dyslipidemia
	Serum Total Cholesterol and Coronary Artery Disease
	Serum HDL Cholesterol and Coronary Artery Disease
	Serum Triglycerides and Coronary Artery Disease
	Serum Lipids and Peripheral Arterial Disease
	Serum Lipids and Atherothrombotic Brain Infarction
	Serum Lipids and Extracranial Carotid Arterial Disease

	Diabetes Mellitus
	Coronary Artery Disease
	Peripheral Arterial Disease
	Atherothrombotic Brain Infarction
	Extracranial Carotid Arterial Disease

	Obesity
	Physical Inactivity
	Age
	Gender
	Race
	Prior Coronary Artery Disease, Peripheral Arterial Disease, and Atherothrombotic Brain Infarction
	Coexistence of Coronary Artery Disease, Peripheral Arterial Disease, and Atherothrombotic Brain Infarction
	Conclusion
	References

	Chapter 52: Cardiac Surgery in the Elderly
	Characteristics of the Elderly Cardiac Surgery Population
	Predictors of Perioperative Morbidity and Mortality
	Quality of Life
	Possible Strategies to Decrease Operative Risk
	Nonsurgical Alternatives
	The New Era of Mechanical Circulatory Assist
	Guidelines for Therapy in the Elderly Cardiac Surgery Patient
	CASE STUDY: CROSSING THE FRONTIER

	Conclusions
	References

	Chapter 53: Invited Commentary
	References

	Chapter 54: Surgical Treatment of Vascular Occlusive Disease
	Case Study
	Incidence and Epidemiology
	Patient Assessment
	Therapeutic Management
	Acute Thromboembolic Disease
	Chronic Occlusive Disease
	PAD: Surgical Intervention
	Endovascular
	Stem Cell Therapy

	Chronic Visceral Ischemia
	Summary
	Case Study
	References

	Chapter 55: Natural History and Treatment of Extracranial Cerebrovascular Disease in the Elderly
	Pathophysiology
	Diagnosis
	Treatment
	Management of the Symptomatic Patient
	Management of the Asymptomatic Patient

	Special Issues Related to Aging
	Tortuosity of the Carotid Arteries
	“Dizziness” and Other Global Symptoms

	Assessment for Generalized Atherosclerosis Using the Carotid System
	Conclusions
	References

	Chapter 56: Natural History and Treatment of Aneurysms
	Introduction and Historical Review
	Prevalence, Incidence, and Risk Factors
	Clinical Presentation, Diagnosis of AAA, and What to Do About It?
	Preoperative Risk Stratification and Decision Making
	Surgical Techniques
	Endovascular Repair of Abdominal Aortic Aneurysms
	Open Technical Considerations
	Postoperative Complications
	Controversial Case Study
	A Complex AAA in an Elderly Patient Not Suitable for Open Repair

	References


	Section VIII: Gastrointestinal System
	Chapter 57: Invited Commentary
	Chapter 58: Age-Related Changes in the Gastrointestinal Tract
	Esophagus
	Stomach
	Acid Production
	Gastric Emptying
	Gastric Cancer

	Small Intestine
	Motility
	Morphology
	Absorption

	Liver and Biliary Function
	Pancreas
	Colon
	Anorectum
	Colorectal Cancer
	Conclusions
	References

	Chapter 59: Benign Esophageal Diseases in the Elderly
	Introduction
	Gastroesophageal Reflux Disease
	Pathophysiology
	Clinical Presentation
	Diagnostic Studies
	Treatment
	Nonsurgical Treatment
	Surgical Treatment
	Endoscopic Treatment


	Paraesophageal Hernia
	Case Study: Part 1
	Pathophysiology
	Clinical Presentation
	Diagnostic Studies
	Treatment

	Case Study: Part 2
	Salient Points

	Esophageal Motility Disorders
	Achalasia
	Pathophysiology
	Clinical Presentation
	Diagnosis
	Treatment
	Nonsurgical Treatment
	Surgical Treatment


	Diffuse Esophageal Spasm
	Other Esophageal Disorders
	Benign Tumors of the Esophagus
	Leiomyomas
	Fibrovascular Polyps

	References

	Chapter 60: Esophageal Cancer in the Elderly
	Case Study
	Histologic Classification, Location, and Incidence
	Pathogenesis
	Diagnosis
	Staging
	Analysis of Comorbidities and Medical Clearance
	Therapy
	Surgery
	Esophagectomy in the Elderly
	Neoadjuvant Therapy

	Palliation
	Radiation
	Chemotherapy
	Endoscopic Palliation
	Stenting
	Neodymium: Yttrium–Aluminum–Garnet Laser Fulguration
	Photodynamic Therapy

	Summary
	References

	Chapter 61: Benign Diseases of Stomach and Duodenum
	Normal Anatomy and Physiology of the Stomach
	Effect of Age on Gastric Physiology
	Peptic Ulcer Disease
	Case Study
	Epidemiology
	Physiopathology
	Classification of Gastric Ulcers
	Etiology
	Helicobacter pylori
	Nonsteroidal Anti-inflammatory Drugs (NSAIDs)
	Zollinger–Ellison Syndrome
	Smoking

	Clinical Manifestations of Noncomplicated Peptic Ulcer Disease
	Medical Treatment for Noncomplicated Peptic Ulcer Disease
	Clinical Manifestations of Complicated Peptic Ulcer Disease
	Perforation
	Primary Closure Reinforced with Omental Patch

	Bleeding
	Surgical Treatment of Bleeding Duodenal Ulcers
	Surgical Treatment of Bleeding Gastric Ulcers
	Outcome

	Gastric Outlet Obstruction


	Gastric Polyps
	Hyperplastic Polyps
	Fundic Gland Polyps
	Adenomatous Polyps

	Dieulafoy Lesion/Malformation
	Gastroparesis
	Etiology
	Clinical Manifestation
	Treatment

	Complications After Gastric Surgery
	Summary
	References

	Chapter 62: Gastric Cancer in the Elderly
	Gastric Cancer in the Elderly: Epidemiological and Pathological Considerations
	Surgical Therapy for Gastric Cancer in the Elderly (Table 62.1)
	Age Alone is not a Contraindication for Gastrectomy
	The Case for Tailoring the Extent of Resection According to Patient Factors

	Adjuvant and Neoadjuvant Therapies in Gastric Cancer
	History and Current Standards in the General Population
	Data on Adjuvant and Neoadjuvant Therapies in the Elderly

	Practical Application
	Case Study 1
	Case Study 2
	Conclusion
	References

	Chapter 63: Small Bowel Obstruction in the Elderly
	Introduction
	Epidemiology
	Etiology-Specific Considerations in the Elderly
	Adhesions

	Pathophysiology of SBO and Evaluation
	Clinical Features of SBO in the Elderly
	Diagnostic Considerations for the Elderly
	Initial Treatment
	Surgical Treatment: General Principles
	Laparoscopic Treatment of SBO
	Outcomes of Treatment of SBO
	Biological Barriers
	Summary
	References

	Chapter 64: Lower Gastrointestinal Bleeding in the Elderly
	Introduction
	Etiology
	Diverticula
	Arteriovenous Malformations
	Colitis
	Neoplasia

	Initial Assessment
	Diagnosis and Treatment
	Colonoscopy
	Radionuclide Scintigraphy
	Mesenteric Angiography
	Surgery

	Small Intestinal Bleeding
	CASE STUDY
	CASE STUDY: DISCUSSION
	References

	Chapter 65: Ischemic Disorders of the Large and Small Bowel
	Case Study
	Anatomy
	Arterial Mesenteric Ischemia
	Acute Mesenteric Ischemia
	Chronic Mesenteric Ischemia
	Diagnosis
	Imaging Modalities
	Duplex Ultrasound
	CT Angiography
	Magnetic Resonance Angiography
	Catheter-Based Arteriography

	Treatment
	Mesenteric Bypass
	Transaortic Mesenteric Endarterectomy
	Percutaneous Options


	Mesenteric Venous Thrombosis
	Diagnosis
	Treatment

	Ischemic Colitis
	Diagnosis
	Treatment


	References

	Chapter 66: Surgery for Inflammatory Bowel Disease in the Elderly
	Epidemiology
	Crohn’s Disease Incidence
	Ulcerative Colitis Incidence
	Unimodal vs. Bimodal Age Distribution


	Presentation and Natural History
	Presentation
	Natural History
	Differential Diagnosis
	Ischemic Colitis
	Diverticulitis


	Surgical Therapy
	Crohn’s Disease: Indications for Elective Surgery
	Fistulas and Abscesses
	Obstruction
	Carcinoma
	Refractory to Medical Therapy
	Indications for Emergency Surgery
	Toxic Colitis
	Perforation
	Hemorrhage

	Preoperative Preparation
	Completion of Workup
	Preoperative Discussion
	Bowel Preparation
	Steroid Preparation
	Electrolyte and Nutritional Deficits
	Enterostomal Therapy

	Operative Principles
	Resection, Stricturoplasty, Diversion, or Bypass
	Extent of Resection: Macroscopic vs. Microscopic Margins
	Type of Anastomosis: Hand sewn vs. Stapled
	Operative Approach: Minimally Invasive (Laparoscopic) Surgery

	Management by Anatomic Site
	Gastric and Duodenal Disease
	Jejunoileal Disease
	Ileocecal Disease
	Colonic Disease
	Localized Colitis
	Diffuse Colitis
	Perianal Disease

	Ulcerative Colitis: Indications for Elective Surgery
	Failure of Medical Therapy
	Presence or Risk of Carcinoma

	Indications for Emergency Surgery
	Fulminant Colitis
	Toxic Megacolon, Perforation, Hemorrhage, Obstruction

	Preoperative Preparation
	Operative Procedure
	Operative Approach: Minimally Invasive (Laparoscopic) Surgery


	CASE STUDY: REFRACTORY ULCERATIVE COLITIS IN AN OCTOGENARIAN
	References

	Chapter 67: Diverticulitis and Appendicitis in the Elderly
	CASE STUDY
	Diverticular Disease
	Etiology
	Epidemiology
	Pathogenesis
	Symptoms
	Diagnosis

	Treatment
	Prevention of Symptoms
	Uncomplicated Diverticulitis
	Surgical Technique
	Complicated Diverticular Disease
	Right-Sided Diverticulitis

	Appendicitis
	Etiology
	Epidemiology
	Symptoms and Diagnosis
	Treatment and Outcomes

	References

	Chapter 68: Benign Colorectal Disease
	Constipation and Pelvic Floor Abnormality
	Rectal Prolapse
	Stercoral Ulceration
	Volvulus
	Fecal Incontinence
	Case Study
	Rectal Prolapse
	Workup

	References

	Chapter 69: Neoplastic Diseases of the Colon and Rectum
	Clinical Vignette
	Epidemiology
	Risk Factors
	Pathology
	Polyps
	Colorectal Cancer
	Pathogenesis
	Staging


	Screening
	Fecal Occult Blood Testing
	Fecal Immunochemical Testing
	sDNA
	Sigmoidoscopy
	Barium Enema
	Colonoscopy
	Computed Tomographic Colonoscopy
	Digital Rectal Examination
	Screening Recommendations
	When to Stop Screening

	Clinical Presentation
	Treatment of Polyps
	Treatment of Colorectal Cancer
	Colorectal Surgery in the Elderly
	Preoperative Evaluation
	Preoperative Bowel Preparation

	Surgical Technique
	Colon Cancer
	Rectal Cancer
	Total Mesorectal Excision
	Local Therapies

	Special Cases
	Synchronous Lesions
	Colonic Obstruction
	Perforated Colon Carcinoma

	Laparoscopy for Colorectal Cancer

	Adjuvant Therapies

	Postoperative Surveillance
	References

	Chapter 70: Abdominal Wall Hernia in the Elderly
	Case Study: Part 1

	Ingunial Hernias
	Etiology and Distribution
	Diagnosis

	Case Study: Part 2

	Watchful Waiting
	Case Study: Part 3

	Elective Surgical Repair
	Anesthesia
	Tissue Repairs

	Case Study: Part 4

	Synthetic Repairs
	Case Study: Part 5

	Laparoscopic Repairs
	Case Study: Part 6

	Emergency Repair
	Case Study: Part 7

	Recurrence
	Case Study: Part 8

	Case Study: Part 9

	Inguinodynia
	Case Study: Part 10

	Other Hernias
	Incisional Hernias
	Umbilical Hernias
	Richter’s Hernia
	Obturator Hernias
	Spigelian Hernias

	Case Study: Part 11

	Conclusions
	References


	Section IX: Hepatobiliary System
	Chapter 71: Invited Commentary
	Chapter 72: Hepatobiliary and Pancreatic Function: Physiologic Changes
	Liver and Biliary System
	Liver Anatomy
	Hepatic Physiology
	Hepatic Function in the Elderly
	Biliary Anatomy
	Biliary Physiology
	Biliary Function in the Elderly
	Gallstone Pathogenesis
	Cholesterol Gallstone Pathogenesis
	Pigment Gallstone Pathogenesis

	Lithogenic Factors in the Elderly

	Pancreas
	Pancreatic Development and Anatomy
	Pancreatic Physiology
	Exocrine Function
	Endocrine Function

	Pancreatic Anatomy in the Elderly
	Aging of the Exocrine Pancreas
	Aging of the Endocrine Pancreas
	Insulin Resistance in the Elderly
	Glucagon
	Pancreatic Polypeptide


	References

	Chapter 73: Benign Disease of the Gallbladder and Pancreas
	Benign Disease of the Gallbladder
	Cholelithiasis
	Incidence and Epidemiology
	Classification
	Pathogenesis
	Cholesterol Stones
	Pigmented Stones

	Natural History
	Asymptomatic Cholelithiasis
	Symptomatic Cholelithiasis
	Chronic Cholecystitis
	Acute Cholecystitis
	Gallbladder Perforation and Gallstone Ileus
	Emphysematous Cholecystitis

	Choledocholithiasis
	Acalculous Cholecystitis
	Benign Disease of the Pancreas
	Serous Cystadenoma
	Mucinous Cystic Neoplasm
	Intraductal Papillary Mucinous Neoplasm


	Conclusions
	Case Study
	References

	Chapter 74: Malignant Diseases of the Gallbladder and Bile Ducts
	Gallbladder Cancer
	Incidence
	Etiology
	Pathology and Staging
	Diagnosis
	Clinical Presentation
	Radiologic Evaluation

	Resection
	Simple Cholecystectomy
	Extended Cholecystectomy
	Extended Resections


	Palliative Therapy
	Survival
	Adjuvant Therapy

	Cholangiocarcinoma
	Incidence
	Etiology and Associated Diseases
	Staging and Classification
	Diagnosis
	Clinical Presentation
	Laboratory Data
	Radiologic Evaluation
	Biopsy/Cytology

	Assessment of Resectability
	Palliative Therapy
	Nonoperative Palliation
	Operative Palliation

	Surgical Resection

	Survival
	Palliative Therapy
	Surgical Resection
	Adjuvant Therapy

	Conclusions
	References

	Chapter 75: Benign and Malignant Neoplasms of the Exocrine Pancreas
	Introduction
	Epidemiology
	Risk Factors
	Pathology
	Solid Tumors
	Cystic Tumors
	Precancerous Lesions

	Clinical Presentation
	History and Physical
	Laboratory Studies

	Management of Malignant Neoplasms
	Diagnosis and Staging
	Preparation for Operation
	Resection of Lesions of the Pancreatic Head
	Resection of Lesions of the Body and Tail
	Palliation
	Post-Op Care and Complications
	Chemotherapy/Radiation Therapy
	Long-Term Outcomes
	Failure to Operate on Early Stage Cancer

	Management of Benign and Premalignant Neoplasms
	Diagnosis
	Estimating the Malignant Potential
	Indications for Resection
	Resection
	Outcomes

	Conclusions
	Case Study
	References

	Chapter 76: Benign and Malignant Tumors of the Liver
	Perioperative Outcome After Liver Resection in the Elderly
	Pathophysiologic Basis of Liver Complications in the Elderly
	Treatment of Liver Tumors
	Benign Liver Tumors
	Bile Duct Adenomas
	Hepatocellular Adenomas
	Hemangiomas

	Malignant Liver Tumors
	Hepatocellular Carcinoma
	Diagnosis
	Surgical Treatment
	Nonsurgical Treatment

	Metastatic Colorectal Cancer
	Natural History
	Preoperative Evaluation
	Surgical Treatment


	Conclusions
	Case Study
	References


	Section X: Urogenital System
	Chapter 77: Invited Commentary
	Genitourinary Surgeons Are Mostly Geriatricians
	References

	Chapter 78: Change in Renal Function, Fluids, and Electrolytes
	Renal Structure and Function
	Histopathology of the Aging Kidney
	Renal Plasma Flow
	Healthy Young Individuals
	Aged Healthy Individuals

	Glomerular Filtration Rate
	Renal Handling of Creatinine
	GFR in Healthy Aged Persons

	The Cockroft–Gault and Other Formulae
	Clinical Implications


	Drug Dose Modification in the Elderly
	Tubular Functions
	Proximal Tubule
	Healthy Aged

	Glucose
	Thick Ascending Limb of Henle’s Loop
	Healthy Aged
	Clinical Implications (see Table 78.2)

	Collecting Duct
	Aldosterone in the Healthy Aged (see Table 78.3)
	Clinical Implications


	Metabolic Acid–Base Disturbances in the Elderly Surgical Patient
	Alkalosis
	Acidosis
	Water Balance
	The Healthy Aged
	Body Water
	Plasma Volume
	Clinical Implications

	Immobility (see Table 78.4)
	Clinical Implications

	Urea
	Healthy Aging Kidney
	Clinical Implications

	Urinary Concentration and Dilution
	Healthy Young

	Healthy Aging Kidney
	Concentration
	Clinical Implications
	Dilution

	Potassium (see Table 78.5)

	Renal Handling of Divalent Cations, Phosphate, and Uric Acid (see Table 78.6)
	Magnesium
	Renal Handling
	Healthy Aged

	Calcium
	Healthy Young
	Renal Handling
	Healthy Aged

	Phosphate
	Healthy Young
	Renal Handling
	Healthy Aged

	Uric Acid
	Healthy Young
	Healthy Aged


	Acute Renal Failure and Its Prevention in the Elderly
	References

	Chapter 79: Urinary Incontinence in the Elderly
	Urinary Incontinence in Elderly Women
	Clinical Assessment
	Incontinence History
	Physical Examination
	Urodynamic Studies

	Pathophysiology of UI in Elderly Women
	Urge Urinary Incontinence
	Hyperreflexic Contractility
	Bladder Compliance
	Stress Urinary Incontinence
	Intrinsic Sphincter Deficiency
	Mixed Incontinence


	Nonsurgical Treatment of UI in Elderly Women
	Pharmacologic Therapy
	Behavioral Therapy
	Biofeedback Therapy
	Timed Voiding

	Surgical Treatment of UI in Elderly Women
	Urinary Incontinence in Elderly Men
	Clinical Assessment
	Pathophysiology of UI in Elderly Men

	Nonsurgical Treatment of UI in Elderly Men
	Pharmacologic Therapy
	Behavioral Therapy

	Surgical Treatment of UI in Elderly Men
	Conclusions
	References

	Chapter 80: Neoplasms of the Kidney and Bladder
	Renal Cell Carcinoma
	Epidemiology and Etiology
	Natural History
	Management
	Radiologic Evaluation
	Radical Nephrectomy
	Laparoscopic Radical Nephrectomy
	Nephron-Sparing Surgical Therapy
	Thermal Ablative Therapies
	Management of Advanced RCC

	Transitional Cell Carcinoma of the Bladder
	Diagnosis
	Basic Science and Natural History
	Superficial Transitional Cell Carcinoma
	Intravesical Therapy
	Muscle-Invasive TCC of the Bladder
	Locally Advanced Transitional Cell Carcinoma of the Bladder
	Radiologic Evaluation
	Treatment
	Surgical Therapy

	Multimodality Therapy for Advanced TCC of the Bladder

	Conclusions
	Case Study
	References

	Chapter 81: Benign and Malignant Diseases of the Prostate
	Introduction
	Case Study
	General Anatomical Considerations
	Benign Prostatic Hyperplasia
	Terminology
	Epidemiology
	Pathophysiology
	Diagnosis and Evaluation of Prostate Disease
	Benign Prostatic Hyperplasia

	Treatment of Benign Prostatic Hyperplasia
	Transurethral Resection of the Prostate
	Simple Prostatectomy
	Minimally Invasive Surgical Techniques
	TUIP



	Prostate Cancer
	Epidemiology
	Pathophysiology
	Diagnosis and Evaluation
	Surgical Treatment of Prostate Cancer
	Radical Prostatectomy


	Conclusions
	References

	Chapter 82: Benign Gynecologic Disorders in the Older Woman
	Introduction
	Menopause
	Lower Genital Tract
	Vulva
	Lichen Sclerosus
	Lichen Simplex Chronicus
	Lichen Planus
	Bartholin’s Cysts and Abscesses
	Vulvodynia
	Cervix
	Urogenital Atrophy and Vaginitis
	Urethra
	Urethral Prolapse
	Urethral Caruncles
	Urethral Diverticulum


	Upper Genital Tract
	Uterus
	Endometrial Atrophy
	Endometrial Polyps
	Leiomyomas (Fibroids)
	Endometrial Hyperplasia and Cancer
	Ovary

	Pelvic Floor Disorders
	Medical/Nonsurgical Treatment of POP and UI
	Surgical Treatment of POP

	Surgical Treatment of Urinary Incontinence
	Bowel Incontinence

	Research Involving the Older Woman
	CASE STUDY
	References

	Chapter 83: Gynecologic Malignancies in the Elderly
	Vulvar Cancer
	Vaginal Cancer
	Cervical Cancer
	Uterine Cancer
	Fallopian Tube Cancer
	Ovarian Cancer
	References


	Section XI: Nervous System
	Chapter 84: Invited Commentary
	Chapter 85: Effects of Aging on the Nervous System
	Weakness
	Case study
	Critical Illness Polyneuropathy and Myopathy
	Critical Illness Neuropathy
	Neuromuscular Blockade Syndromes
	Critical Illness Myopathy

	Strokes and Cerebrovascular Disease
	Epidemiology
	Etiology
	Antiplatelets and Anticoagulants in the Perioperative Period
	Management of Carotid Artery Disease
	Evaluation and Management of Acute Infarcts
	How Long Poststroke Is Elective Surgery Permissible?

	Seizures
	Patients with Known Seizure Disorder Stable on AEDs
	Patients with Known Seizure Disorders Who Have Stopped Taking Their AEDs
	Patients with No Previous History Who Have Their First Seizure in the Post-op Period
	Patients with Known Epilepsy Who Have Seizures in the Post-op Period

	Cognitive Impairment
	Postoperative Cognitive Dysfunction
	What Is the Risk That Surgery in Elderly Patients “Will Trigger” AD?
	Epidemiological Studies
	Animal Studies and Tissue Culture Studies

	Special Pre-surgical Concerns in Patients with Documented Cognitive Impairment or Dementia

	References

	Chapter 86: Geriatric Neurosurgical Emergencies
	Introduction
	Traumatic Brain Injury
	Extra-Axial Hematomas
	Intracerebral/Subarachnoid Hemorrhage
	Fractures
	Penetrating Trauma

	Nontraumatic Vascular Lesions
	Aneurysms
	Vascular Malformations
	Stroke
	Amyloid Angiopathy
	Adverse Drug Reactions
	Sinus Thrombosis

	Infection
	Peripheral Nerve Injury
	Tumors
	Conclusions
	Case Study
	History
	Past Medical History
	Admission Neurologic Examination
	Relevant Admission Laboratory Values
	Clinical Course
	Discussion Questions
	Discussion Answers

	References

	Chapter 87: Benign and Malignant Tumors of the Brain
	Introduction
	Epidemiology and Prognosis
	Glioma
	Meningioma
	Primary Central Nervous System Lymphoma

	Risk Factors
	Genetics
	Glioma
	Meningioma
	Lymphoma

	Symptoms
	Diagnosis
	Surgery
	Radiation Therapy
	Chemotherapy
	Corticosteroids
	Metastatic Brain Tumors
	Surgery
	Radiation

	Conclusions
	Summary
	Case Study
	References

	Chapter 88: Spinal Disorders and Nerve Compression Syndromes
	Introduction
	Anatomy
	Biomechanics
	Pathophysiology
	Mechanisms of Back Pain
	Specific Pathologic Entities of the Elderly Spine
	Cervical Spine Degeneration
	Neck Pain/Mechanical Pain
	Radicular Neck Pain
	Signs and Symptoms
	Pathophysiology
	Imaging
	Natural History
	Differential Diagnosis
	Nonoperative Management
	Surgical Management
	Results

	Cervical Myelopathy
	Signs and Symptoms
	Pathophysiology
	Natural History
	Imaging
	Differential Diagnosis
	Nonoperative Treatment
	Operative Treatment
	Results

	Thoracic Degenerative Disease
	Signs and Symptoms
	Pathophysiology
	Natural History
	Imaging
	Differential Diagnosis
	Nonoperative Treatment
	Operative Treatment
	Results

	Lumbar Degenerative Disease

	Degenerative Disc Disease/Mechanical Back Pain
	Sciatica
	Signs and Symptoms
	Pathophysiology
	Natural History
	Imaging
	Differential Diagnosis
	Nonoperative Treatment
	Operative Treatment
	Results

	Degenerative Lumbar Spinal Stenosis
	Signs and Symptoms
	Pathophysiology
	Natural History
	Imaging
	Differential Diagnosis
	Nonoperative Treatment
	Operative Treatment
	Results

	Adult Scoliosis
	Pathophysiology
	Natural History
	Nonoperative Treatment
	Operative Treatment
	Results


	Trauma
	Cervical Spine Trauma
	Thoracolumbar/Lumbar Spinal Trauma

	Systemic Disorders of the Spine
	Pathophysiology
	Evaluation
	Treatment

	Infections of the Spine
	Vertebral Osteomyelitis: Pyogenic and Mycobacterial
	Presentation
	Treatment
	Surgery

	Epidural Abscess
	Tumors of the Spine
	Presentation
	Evaluation
	Management
	Results


	Case Study
	References


	Section XII: Musculoskeletal System and Soft Tissue
	Chapter 89: Invited Commentary
	Biologic Advances
	Technologic Advances

	Chapter 90: Age-Related Changes in Bone and Soft Tissue
	Introduction
	Bone
	The Cellular and Molecular Basis of Bone Remodeling
	Calcium Homeostasis
	Diagnosis: Measurement of Bone Mass
	Management and Prevention
	Nonpharmacologic
	Pharmacologic Treatment
	Antiresorptive Agents
	Calcitonin
	Selective Estrogen Receptor Modulators
	Estrogen
	Anabolic Agents
	Summary

	Muscle, Tendon, and Ligament
	Muscle
	Tendons
	Ligament

	Articular Cartilage
	Intervertebral Disc
	Conclusion
	References

	Chapter 91: Common Benign and Malignant Skin Lesions
	Basic Skin Anatomy
	Epidermis
	Dermis
	Epidermal Appendages

	Skin Function
	Changes in the Skin Associated with Aging
	Epidermis
	Dermis
	Epidermal Appendages

	Benign Lesions
	Epidermal Lesions
	Seborrheic Keratoses
	Solar Lentigo (Senile Lentigo, Actinic Lentigo)
	Melanocytic Nevocellular Nevi (Moles)

	Benign Dermal Lesions
	Acrochordons (Skin Tags)
	Xanthelasma Palpebrarum (Eyelid Xanthomas)
	Sebaceous Hyperplasia
	Chondrodermatitis Nodularis Helicis
	Cherry Hemangioma (Campbell de Morgan Spots)
	Venous Lakes


	Premalignant Lesions
	Actinic Keratoses (Solar Keratoses)
	Actinic Cheilitis
	Cutaneous Horn
	Bowen’s Disease (Squamous Cell Carcinoma In Situ)
	Lentigo Maligna (Hutchinson’s Freckle)
	Melanoma In Situ


	Malignant Lesions
	Epidermis
	Squamous Cell Carcinoma
	Keratoacanthoma
	Basal Cell Carcinoma
	Melanoma
	Atypical Fibroxanthoma
	Merkel Cell Carcinoma

	Dermis
	Angiosarcoma


	Conclusions
	Case Study
	Recurrent Basal Cell Carcinoma On The Nose Of A 75-Year-Old Woman
	Discussion

	References

	Chapter 92: Surgical Management of Soft Tissue Sarcoma in the Geriatric Population
	Introduction
	Risk Factors
	Staging
	Evaluation and Biopsy
	Surgery for Sarcoma in the Geriatric Population
	Extremity/Truncal Sarcomas
	Surgical Management
	Role of Amputation
	Low-Grade Extremity Lesions
	High-Grade Lesions
	Role of Radiation
	Chemotherapy in Extremity/Truncal Sarcomas

	Retroperitoneal Sarcoma
	Subtypes and Goals of Surgery
	Radiation in Retroperitoneal Sarcomas
	Locally Recurrent Retroperitoneal Sarcoma

	Abdominal Desmoid
	GIST
	Treatment of Primary Disease
	Metastatic GIST

	Case Study 1
	Discussion

	Case Study 2
	Discussion

	Case Study 3
	Discussion

	Summary
	References

	Chapter 93: Pressure Sores in the Elderly
	Introduction
	Pathophysiology
	Evaluation
	Management
	Reduction of Pressure and Deleterious Extrinsic Factors
	Restoration of Nutrition and Other Wound-Promoting Intrinsic Factors
	Wound Care (Active Debridement and Regular Maintenance)

	Surgical Treatment
	Intraoperative Resection of Soft Tissue
	Intraoperative Resection of Bone
	Wound Coverage and Closure
	Sacral Pressure Sores
	Ischial Pressure Sores
	Greater Trochanter Pressure Sores
	Foot Pressure Sores
	Postoperative Care

	CASE STUDY
	Conclusions
	References

	Chapter 94: Orthopaedic Trauma in the Elderly
	Introduction
	Preinjury Status, Perioperative Risks, and Treatment Considerations
	Considerations in Elderly Trauma
	Hip Fractures
	General Principles
	Presentation and Management
	Outcomes
	Femoral Neck Fractures
	Intertrochanteric Fractures
	Subtrochanteric Fractures


	Ankle Fractures
	Proximal Humerus Fractures
	Distal Radius Fractures
	Metastatic Pathologic Fractures
	The Role of Rehabilitation
	Case Study
	Conclusion
	References

	Chapter 95: Treatment of Degenerative Joint Diseases
	Causes of Knee and Hip Pain
	Nonoperative Management
	Total Knee Arthroplasty
	History of TKA
	The Operation
	Postoperative Course

	Case Study
	Total Hip Arthroplasty
	History of THA
	The Operation
	Postoperative Course
	Complications

	Case Study
	Conclusions
	References


	Section XIII: Transplantation
	Chapter 96: Invited Commentary
	Chapter 97: Elderly Donors in Transplantation
	Introduction
	How Old Is Old?
	Determination of Brain Death
	Donor Management
	The Procurement Procedure
	Removal of Thoracic Organs
	Procurement of Abdominal Organs
	Procurement of Living Donors

	Elderly Living Donors

	Organ Allocation Policies
	Is the Older Recipient the Appropriate Candidate for ECD Organs?
	Old Organ Function
	Ethics
	Case Study
	Conclusion
	Summary
	References

	Chapter 98: Elderly Transplant Recipients
	CASE STUDY
	Kidney Transplantation
	Patient Selection
	Immunosuppression and Prophylaxis
	Patient and Graft Outcomes

	Liver Transplantation
	Indications
	Criteria for Transplantation
	Immunosuppression
	Results

	Heart Transplantation
	Indications
	Criteria for Transplantation
	Immunosuppression
	Results

	Lung Transplantation
	Immunosuppression
	Results

	Combined Organ Transplantation
	Conclusion
	References


	Index

