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Chapter 1
Invited Commentary

Jesse Roth

Get in league with the future.

Horace Greeley

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

J. Roth (D))

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

R.A. Rosenthal et al. (eds.), Principles and Practice of Geriatric Surgery,

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.

DOI 10.1007/978-1-4419-6999-6_1, © Springer Science+Business Media, LLC 2011
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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



Chapter 2
Cell and Molecular Aging*

Priyamvada Rai and Bruce R.Troen

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

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,

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

0 1 - ——
0 10 20 30 40 50 60 70 80 90

AGE

100

Ficure 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.).

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.
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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
deathrate forall causes atthe age of 25-34 was 104.4/100,000
and at the age of 3544 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).

. 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,
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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 pl6INK4a gene product has
been found to be upregulated in a number of tissues from
aging individuals and animals (see below).

. 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”
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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

TasLe 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

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
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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
Sirtl (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, PPARY,
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], FoxolA [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,*), which is metabolized by superoxide dismutases to
form hydrogen peroxide (H,0,) and oxygen [115]. Hydrogen
peroxide can go on to form the extremely reactive hydroxyl
radical (OHe). 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
SOD?2 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, SODI1 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 presentin adegradation-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
PGCla 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
LAAS0 [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 ERCCS, 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
itsassociation 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. SOD 1—/— 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
SOD?2 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/WAF]1 [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/CDK?2/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 CDKG6 cell cycle kinases
[291]. Induction of expression of pl6 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 pl6 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 pl6-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
pl6, but the senescence response can be rescued by abroga-
tion of the p53 (but not the pl16) 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 MO 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
pl6 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
pl6 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 ASFla. 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
frompatients withthelysosomal disorder GM 1-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 pl6
protein. In particular, pl6 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,
Decl1, 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 pl6 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
pS53 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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Ficure 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.

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 Mdm?2. 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 Mdm?2
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 p5S3/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
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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 PGCla [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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Chapter 3
Cancer, Carcinogenesis, and Aging

Lodovico Balducci

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.
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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 55toage 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

39

DOI 10.1007/978-1-4419-6999-6_3, © Springer Science+Business Media, LLC 2011



40

L. Balducci

1200 4

5 8

per 100,000
g

35 40 45 50 55 60 65 70 75 B0 85
Age

Cancer incidence rates in men.

500
Breast
400
Colon
§ 300
g L
'i 200 Bronchus:
Rectum
Pancreas
Urinary/
100 Bladder
Stomach
—— Ovary

35 40 45 S0 55 60 65 70 75 80 85+
Age

Cancer incidence rates in women.

Ficure 3.1 The incidence of cancer increases with age (from Yancik [2].
Reprinted with permission of John Wiley & Sons, Inc.).

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
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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).

TasLe 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

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
5qg-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.
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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 alymphocytic 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 Salpha 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].

TasLe 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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Ficure 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).

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,

TasLe 3.3 Common hormonal treatment of cancer

Tumor Cancer

Aromatase inhibitors

Selective Estrogen Receptor Modulators (SERMs)
Pure estrogen antagonists (Faslodex)

Progestins

Estrogen in high doses

Androgen

Breast

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.

TasLe 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

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 arisk 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].
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TasLe 3.5 NCCN guidelines for the management of older patients
with chemotherapy

1. A geriatric assessment is necessary in all individuals aged 70
and older with cancer. This may provide an estimation of life
expectancy and tolerance of treatment, and it may unearth
conditions such as comorbidity or inadequate social support that
may interfere with treatment

2. All patients aged 65 and older receiving moderately toxic
chemotherapy should receive prophylactic filgrastim or
peg-filgrastim

3. Hemoglobin should be maintained around 12 g/dl

4. In patients aged 65 and over, the dose of chemotherapy should be
adjusted to the GFR

5. When possible the less toxic forms of chemotherapy should be
utilized including capecitabine, pegylated liposomal doxorubicin,
gemcitabine, vinorelbine, weekly taxanes, and pemetrexed

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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Chapter 4

Effects of Aging on Immune Function

Raymond P.Stowe and James S. Goodwin

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
Memory T cells Increase reactivation along with clonally expanded CD8* T-cells
Thymus gland Decrease (involutes)
Naive T cells Decrease
DTH Decrease
IL-2 production Decrease
Proliferation Decrease
Cytotoxicity Decrease
B-cells Increased autoantibodies; decreased antibody production
Number Decreased following vaccination
High-affinity antibodies Decreased
Non-specific antibodies Increased
Inflammation Increased morbidity and mortality; may play a role in age-related diseases
Low-grade inflammation (Alzheimer’s, Parkinson’s, osteoporosis, atherosclerosis,
Circulating IL-6 Increased and type-2 diabetes)
Circulating TNF-a Increased
CRP Increased

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.

R.P. Stowe (<))
Microgen Laboratories, La Marque, TX, USA
e-mail: rpstowe @microgenlabs.com

R.A. Rosenthal et al. (eds.), Principles and Practice of Geriatric Surgery,

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 TCR[
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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Ficure 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, x25]. C,

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].

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).

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].
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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,0, and NO,),
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-o
(IFNa). Young NK cells show maximal responses when
stimulated with low concentrations of IFNo [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, (PGE,)), 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, than
those from adults less than 40 years of age [9, 77]. Thus
PGE, 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,, their splenocytes
appear to produce more PGE, than splenocytes from young
mice [78]. Meydani et al. have continued to provide evidence
that macrophage production of excess PGE, 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, suppressed the primary
antibody response to trinitrophenylated polyacrylamide
beads by lymphocytes from old adults [65]. Removing the
monocytes that were the source of PGE, production or add-
ing drugs that blocked production of PGE,, 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, pro-
duction in old versus young donors [80]. Polyclonal antibody
production was not suppressed by PGE, when added to lym-
phocytes from donors of any age [80].

The increased sensitivity to PGE, 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. Thl cells elaborate IFN-y, IL-2, IL-12, and
tumor necrosis factor-f (TNF-p), 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 IgGl to levels seen in young animals during a primary
antibody response [94]. A similar effect was achieved by
blocking endogenous IFN-y 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-y [96].
With variation in the activating signals, old human T cells
produce larger amounts of IL-4 and IFN-y [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-o 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-1f
[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-y-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*

TasLe 4.1 Immunologic changes during stress

Functional impact

Type of stress Parameter of change

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

| T-cell number
and function

| NK cell number
and function

| PMN function

1 Inflammatory
cytokines

1 Post-op infections

Delayed wound healing

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

| T-cell function 1 Herpesvirus

reactivation
| NK cell function
| Thl cytokines
(e.g., IL-2)
1 Th2 cytokines
(e.g., IL-10)

Delayed wound healing
| Vaccine responses
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and CDS8* 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-o) 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-1f3 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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Ficure 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.

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 (>20% 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
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Ficure 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.

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].
EBYV 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
CMYV shapes the immune system. Using tetramers, numerous
studies have demonstrated detectable levels of CMV-specific
CDS8" T cells present in both healthy and diseased individuals
[180-184]. Notably, studies of CMV tetramer-positive cells
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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 CDS§
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-V[3
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
Tcell [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
CDS8* T cells was significantly lower than for CMV-specific
CDS8* T cells. This study confirmed an earlier report that also
demonstrated reduced IFN-y 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-1,
and IL-6 [199, 200]. EBV and CMYV 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. CMYV, 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 CMYV, 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-y [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 gutimmunity 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, 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 3-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,, 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, [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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Hematological Changes, Anemia, and Bleeding

in Older Persons
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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 Look for underlying cause, in particular occult gastroin-
abnormality observed in the elderly testinal bleed and/or neoplasm
Age per se is not associated with a change in
baseline blood counts
Propensity Bleeding disorders are more common in the Clotting factor and blood product support prior to and
for bleeding elderly after surgery

Thrombophilia
elderly
Reduced hematopoietic reserve
age

Hypercoagulable states are more common in the

Hematopoietic reserve diminishes with advancing

Appropriate prophylaxis prior to and after surgery

Blood product support and growth factor support as
indicated

— Rate of restoration of hemoglobin levels after

blood loss may be decreased

— Granulocyte responses to stress may be

decreased
Primary marrow disorders

Marrow disorders like myelodysplasia

Appropriate diagnosis and treatment

(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

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.
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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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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, §].
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)' 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

TasLe 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]

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 , 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.
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Anemia

l

Reticulocyte
Count
Low High
Hemolytic
Bilirubin (Indirect) Anemyial
&
LDH l
Low High Coomb’s Test

Hypoproliferative Ineffective

Anemia Erythropoiesis
CLL Vascular
Drugs Intrinsic
Lymphoma

T feri Idiopathic
ranss(;rrmsat Low By, Def
Ferritin Low { Folic Acid
Sideroblastic
/\ Hemoglobinopathies
Low Normal
or High

l

Anemia of Chronic Disease
Marrow Disorder
Renal Disease

Iron
Deficiency

Ficure 5.1 Workup of anemia (from Chatta et al. [1] Adapted with permission from The McGraw Hill Companies).

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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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-f3). 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 , and folate deficiency.
The prevalence of pernicious anemia increases with advanc-
ing age. The disorder results from malabsorption of vitamin
B, 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, 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, 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__, Folate, and Homocysteine [16]

12/
In epidemiologic studies, approximately 10% of apparently
healthy persons aged 70 years and over were found to have
vitamin B, 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, levels may contribute to cognitive decline in older
adults. Hence, vitamin B , and folate should be aggressively
replaced in the elderly. Even in patients with atrophic gastri-
tis, oral vitamin B, 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 , will replete a person with concentrations in the
low-to-normal range. Parenteral replacement should be used
in severe deficiencies with vitamin B, i.e., concentrations
<100 pg/mL.

In older adults with low normal (<350 pg/mL) B, con-
centrations, methylmalonic acid (MMA) concentrations may
be more sensitive for excluding metabolically active B, defi-
ciency. Renal failure can artificially increase the serum MMA
concentration. In patients with low-normal B, 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, 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, and elevated homocysteine
in older persons. Levels of homocysteine can be reduced by
prescribing 400 pg of folic acid once or twice daily. Empiric
prescription of vitamin B, 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 MCYV, 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).

12°

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
(59-). 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, 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

TasLe 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

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
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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 pL 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 pL 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 uL
(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.

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.

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.

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.

(i)

(iii)

(iv)

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. vVWF 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 vVWF. 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

TasLe 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.

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

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

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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TasLe 5.5 AACP guidelines for prevention of venous thrombosis

Recommendation

LMWH or Arixtra starting 12-24 h
after surgery, or VKA started
the evening before surgery

LMWH, LDUH, or VKA

>10 Days up to 35 days

Type of surgery

Hip or knee replacement

Hip-fracture surgery

Length of anticoagulant for hip
or knee surgery

General surgery low risk

General surgery mod-high risk

At risk for both bleeding/
thrombosis

Early ambulation

LMWH, LDUH tid, Arixtra

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; /PC intermittent pneumatic compression; ACCP American

College of Chest Physicians

Source: Data from Geerts et al. [54]

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
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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 (DTT). 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 10x 10° 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

TaBLE 5.6 Indications for transfusion

Transfusion type Trigger Grade of evidence

Anemia in the steady state 7 g/dL RCT*

Plasma for coagulopathy INR>1.5 Lab/correlative

Platelets for major surgery 50x 10°/L Consensus

Platelet for neuro- or 100x10°/L  Consensus
ophthalmologic surgery

Platelets for prophylaxis in AML ~ 10x10°/L RCT¢

RCT randomized clinical trial

“Hebert et al. [61]

"Rebulla et al (1997) NEJM 337(26):1872-1875
“Wandt et al (1998) Blood 91(10):3601-3606

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 x 10°/L for surgical
procedures and over 100 x 10%/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 68 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) vWEF, 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.
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Chapter 6
Invited Commentary

Stanley J. Dudrick

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,
asis 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
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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 [ 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
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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-
rologicaldiseases,suchasParkinson’sdisease,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].
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Ficure 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

TasLe 7.1 Drug therapy that interferes with nutritional support

Drug therapy Subject of interference or effect
Drugs that interfere with nutrient assimilation

AIOH and MgOH Phosphorus

H, antagonists Vitamin B ,

Fat-soluble vitamins, folate
Vitamins D and K, folate

Cholesterol-binding agents
Phenytoin

Drugs interfering with nutrient delivery

Sucralfate
Digoxin, phenytoin, theophylline,
potassium chloride

Forms clogs in the feeding tube
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

indicate a deficiency of vitamin B, 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,
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TasLe 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?

Weight loss during the last 3 months?

Mobility?

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

Neuropsychological problems?

Body mass index (BMI) =weight(kg)/height(m?)

0=Severe loss of appetite

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

0=Weight loss greater than 3 kg
1=Does not know

2=Weight loss between 1 and 3 kg
3=No weight loss

0=Bed or chair bound

1=Able to get out of bed/chair but does not go out
2=Goes out

0=Yes

1=No

0=_Severe dementia or depression
1=Mild dementia

2=No psychological problems
0=BMI less than 19

1=BMI 109 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?
Takes more than 3 prescription drugs per day?

Pressure sores or skin ulcers?

How many full meals does the patient eat daily?

At least 1 serving of daily products per day? Yes or No

2 or more servings of legumes or eggs per week? Yes or No
Meat, fish, or poultry every day? Yes or No

Consumes 2 or more servings of fruits or vegetables per day?
How much fluid is consumed per day?

Mode of feeding?

Self view of nutritional status?

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

Mid-arm circumference (MAC) in cm?

Calf circumference in cm?
Maximum full assessment score= 16
Combine screening + full assessment scores =maximum of 30

0=No; 1=Yes

0=Yes; 1=No

0=Yes; 1=No

0=1 meal; 1 =2 meals; 2=3 meals
0=If O or 1 Yes answers

0.5=If2 Yes

1.0=If 3 Yes

0=No; 1=Yes

O=Less than 3 cups

0.5=3-5 cups

1.0=More than 5 cups

O=unable to eat without assistance
1 =Self-fed with some difficulty

2 =Self-fed without any problem
0=View self as malnourished

1 =Uncertain of nutritional state
2=Views self without nutritional problems
0=Not as good

0.5=Does not know

1.0=As good

2.0=Better
0=MAC less than 21

0.5=MAC 21 or 22

1.0=MAC 22 or greater

0=CC<31;1=CC>31

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 x kneeheight)
—(0.04 x age) + 64.19

Stature for women = (1.83 x knee height)
—(0.24 x 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 x 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/1) 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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Level Il Screen NOMOGRAM FOR BODY MASS INDEX m
Complete the following screen by <
interviewing the patient directly andjor by WEIGHT HEIGHT | M
referring to the patient chart. If you do not KG LB TR -
routinely perform all of the described rests 240 BoDY -
or ask all of the listed questions, piease ::: 1o m%SESx 128 —
consider including them but do not be con- 130 E 10 W/ (HTEE] * [/ ]
cerned if the endre screen is not compiet- a0k 0 r0 e o
ed. Please try to conduet A minimal screen 1105 200 @ 133 b« |
on zs many older patients as possible, and m
please try to collect serial measurements, wE . D i m
which are extremely valuable it monitoring ’: i w a5 2
nutritional status, Please refer to the man- :° e
ual for additional information. '™ 3 150
0 ::: 0 138 *°
Anthropometrics “E
Measure height to the nearest inch W “ ]
and weight 10 1he nearest pound. Record “‘% 120 w0 Rt a8
the vaiues below and ntark them on the 0= 10 o =
Body Mass Index (BMI) scale o the right. wF 00 mni o
Then use a straight edge (paper, ruler) o _% » s an
eonnect the two points and cirele the spot “3F i’-.
where this straight line crosses the center i vo g
line {body mass index). Record the oum- g - 13-
ber below; healthy oider aduits should have 0E 4 s
a BMI between 22 and 27; check the appro- % 50 200 "
priate box 1o flag an abnormally high or low 28-E 58 o8
value, e R
Height {in): Qe t e o
Weight {Ibs):
Body Mass Index
{weight/height’): d Triceps skinfold <10th percentile
Please place a check by any statement regarding d Triceps skinfold >95th percentite
BMI and recent weight loss that is true for the patient.
Q ] Note: mid-arm cireumterence (em) - {0.314 x triceps E
‘wt Body mass index <22 skinfold {mm)}= mid-arm muscle circumierance (cm) s
Q Body mass index >27 -

D Has lost or gained 10 pounds {or mere) of body
weight in the past 6 months

Record the measurement of mid-arm circumfer-
ence to the nearest 0.1 centimeter and of triceps skin-
{old to the nearest 2 millimeters.

Mid-Arm Circumference (cm):
Triceps Skinfold (mm):
Mid-Arm Muscle Cireumference {em):

Refer to the table and check any abnormal values:
Q Mid-arm muscle circumference <10th percentile

Ficure 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

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].

For che remaining sections, please place a check

by any statements that are true for the patient.

Laboratory Data

O Serum albumin below 3.5 gl
O Serum cholesterot below 160 mg/dl
1 Serum cholesterol above 240 mg/dl

Drug Use

1] Three or more prescription drugs, OTC medica-
tions, and/or vitamin/mineral supplements daily

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

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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Clinical Features
Presence of (check each that apply): Men Women
Percentile 55-65y 65-T3y 5565y 65-T5y
L Problems with mouth, teeth, or gums Arm circumference (cm)
10th 273 264 257 252
U] Difficulty chewing 50th L7307 303 299
95th 369 3535 385 373
a Difficuity swallowing Arm muscle circumference (cm)
10th 245 238 196 195
D Angutar stomatitis 30th 27.8 268 225 223
95th 20 306 280 279
0 Glossitis Triceps skinfold (mm)}
) 10th 5 6 % 14
Q stistory of bone pain 50th 1 1 3 4
Y o L 95¢h n 2 B 36
3 History of bone fractures From: Frisancho AR Nete norms of upper limb fat and muscie areas for
a Skin changes (dry, loose nonspeeific assessment of mn-manalsm AmJ Clin Murr 1981; 34:2540-2545. © 1981
' b . American Soctety for Clintoal Nurmition,
lesions, edema)

Eating Habits
D Does not have encugh food to eat each day

2 Usually eats alone

D Does niot eat anything on one or more days each
month

D Has poor appetite

D [s on a special diet

3 Eas vegetabies two or fewer times daily

J Ears mitk or milk products once or not at all daily
J Eats fruit or drinks fruit juice once or not at afl daiiy

D Eats breads, cereals, pasta, rice, or other grains five
or fewer times daily

d Has more than one aleoholic drink per day (if
woman); more than two drinks per day (if man)

Living Environment

:] Lives on an incame of less than 36000 per vear
{per individual in the household)

:l Lives alone
Cl is housebound

C! Is concerned about home security

D Lives in a home with inadequate heating or cooling
{3 Does not have a stove and/or refrigerator

Cl Is unable or prefers not te spend money on food
(<825-30 per person spent on food each week)

Functional Status
Usually or alwayvs needs assistance with (check each that
apply}:

D Bathing

El Dressing

C.l Grooming

a Toileting

D Eating

D Walking or moving about

3 Traveling (outside the home)

a Preparing food

D Shopping for food or other necessities

Mental/Cognitive Status

1 Clinical evidence of impairment, e.g. Folstein<26

D Clinical evidence of depressive iilness, e.. Beck
Dg;;lresgion inventory>13, Geriawic Depression
e>3

Patients in whom vou have identified one or more major indicator (see pg 2) of poor nutritional status require immedi-
ate medical attention; if minor indicators are found, ensure that they are known to a heaith professional or to the patient's own
physician. Patients who displsy risk factors (see pg 2) of poor nutritional status shouid be referred to the appropriate health
care or sociai service professional (dietitian, nurse, dentist, case manager, erc.).

FIGURE 7.2 (continued)

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
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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/mm? 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/mm? [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

Modified MyPyramid for Older Adults

(I N -

[T S
VTR L

Ficure 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 x W (kg)]
+[5.0 x H(cm)] —[6.76 x A(years)]

Women = 66.51+[9.6 x W (kg)]
+[1.85 x H(cm)] —[4.68 x A(years)]

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

Women =19.5(W) + 596

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.

TasLe 7.4 Adjustment factors for resting energy expenditure

Correction factor Stress

1.0-1.1
1.1-1.3

Postoperative
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,
ie., 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 x 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,

Vitamin B, appears to play an important role in the regulation
of homocysteine metabolism. Vitamin B, 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,)
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, plasma levels
among the elderly, so it is probable that vitamin B, require-
ments are insufficient [60, 61]. Considering the above find-
ings, a vitamin B, intake of 1.9-2.0 mg/day is adequate.

VitaminB,,

Serum vitamin B, levels decline with advancing age.
Prevalence of vitamin B, 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, defi-
ciency was shown to be more than 12% in a large sample of
free-living elderly. By measuring serum homocysteine, a
vitamin B , 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, deficiency is probably a major
etiologic factor. The vitamin B , 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, malabsorption.
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In view of these findings, the current RDA may underes-
timate the need for vitamin B , 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, deficiency may
be present even with normal serum levels of vitamin B, ,. Any
elderly patient who is, or is suspected to be, vitamin B -
deficient, based on the neurologic symptoms of vitamin B,
deficiency, should receive a course of parenteral vitamin B , 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-1f, 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 programssuchasmealsonwheels. 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.

TasLe 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, IGF-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

TasLe 7.6 Gastrointestinal changes of senescence by segment

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.

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
| Intestinal blood flow

| Sodium/glucose co-transport

Colon | In neuronal density
| Wall elasticity from collagen deposition
| Resting pressure of internal sphincter
Liver | Liver size and blood flow
| Dynamic liver function
Pancreas | Pancreatic mass

Ductular changes/fibrosis

Bacterial overgrowth

Lactose intolerance

Inflammatory bowel disease

Constipation

Diverticulosis

Angiodysplasia

Hepatic encephalopathy cirrhosis (hepatitis C, ethanol,
primary biliary cirrhosis)

Pancreatic cancer

Chronic pancreatitis

Diabetes

Source: Adapted with permission from Dryden and McClave [110]
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CASE STUDY

A 7T4-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
alow 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.

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].
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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
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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 1V, 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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TasLe 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

Calcium alginate

Silver products

Acticoat absorbent dressing
*Aquacel Silver

Contreet foam dressing

Contreet Hydrocolloid

Silva Sorb (silver hydrogel)
*Silverlon
*Silver Med (silver hydrogel)
Iodines

*Cadexomer lodines
*Jodosorb Gel

Todoflex Pad

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

Collagens

*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

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

Composite dressings

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

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

Compression

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

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

Debriding agents

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

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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TaBLE 8.1 (continued)

Product classification

Most common brands

Foams
Absorbs moderate to heavy drainage Allevyn
Provide a moist environment and thermal insulation *Biatain
Primary dressing for absorption and insulation, or secondary Curafoam
dressing for wounds with packing. Also effective to treat Hydrasorb
hypergranulation tissue. May be used under compression Polyderm
Available: PolyMem
With adhesive border 3M Tegaderm Foam
Without adhesive border Tielle
Varied shapes and sizes
Hydrocolloids
Absorbs light to moderate exudates Combiderm
Occlusive or semi occlusive dressings composed of gelatin, pectin, Comfeel Plus

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

*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 Curafil Gel
to maintain moist wound environment. Promotes granulation and Curasol Gel
epithelialization and facilitates removal of necrotic tissue or *DuoDerm Gel
slough by autolytic debridement IntraSite Gel
Available in: Purilon Gel
Amorphous gels SAF-Gel
Impregnated gauze TenderWet Gel Pad
Sheets Curagel
DermaGel
Hypergel
Normlgel
*Restore Hydrogel
SoloSite Wound Gel
3M Tegagel
Non-adherent layer
Wound contact layers used to prevent dressing from sticking *Adaptic
to the wound bed Mepitel

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

Transparent films

*Vaseline gauze
*Xeroform Gauze

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
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TasLe 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

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

Assist or provide resident with devices to maintain mobility, i.e.,
passive ROM, splint, hand cones
Turn and/or reposition non-ambulatory residents every 2 h minimum

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

e 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

Elevate heels by placing a pillow lengthwise under the residents
calves

Place resident on pressure reducing mattress

Place resident on pressure reducing cushion in chair

Use maximum of two incontinent pads under resident in bed

Avoid incontinent pads over wheelchair cushion, use drawsheet or
pillowcase for cover
Inspect resident’s skin during bath, when changing clothes, etc.

Apply lotion to bony prominences, back, and dry, flaky skin at bath
time and prn

Apply moisture barrier ointment to the skin of an incontinent
resident

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

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

Keep linen neat and wrinkle free

Redistributes weight bearing sites and minimizes the risks of immobility

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

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

Rotates the sites of pressure and allows blood flow to return to an area
where blood flow had been restricted

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

Decreases pressure on the heels and may decrease shear and friction

Reduces effects of pressure

Reduces effects of pressure

Too many layers of linen between resident and pressure reducing
mattress, will decrease the effectiveness of the mattress

Incontinent pads reduce effectiveness of pressure reduction provided by
cushion

Identify any redness or skin break so that appropriate treatment or
prevention measures can begin immediately

Keeps skin soft and supple

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

Decreases the chance of complications from incontinence

Helps maintain and/or improve nutritional status and hydration

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

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-o. (TNF-a), transforming
growth factor-f (TGF-f), 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
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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, 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 Il/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-y (IFN-y),
IL-4, IL-6, and TGF [23, 24]. Aging is associated with a
decrease in cytotoxic lymphocyte activity and a reduction in
Iytic 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-
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Ficure 8.1 Wound closure in db/db mice after electroporation-facilitated
DNA transduction of CAS5 (constitutively active form of HIF) versus
Empty Vector (EV). (a) Open wound area (in pixels) was determined on
the indicated day after wounding and transfection with gWIZ-CAS (CAS)

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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or gWIZ-EV (EV). Mean+SEM is shown (n=48 for CAS; n=20 for EV).
*P<0.05, ANOVA with Tukey Test. (b) Percentage of wounds achieving
>95% closure after transfection with CA5 versus EV is shown. *P<0.001,
Mann—Whitney Rank Sum Test (from [38], with permission).
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Ficure 8.2 Wound healing characteristics of db/db mice. (a) Excisional
wound closure in 2-month-old diabetic mice (db/db) and their heterozy-
gous littermates (db/+). The bar graph shows the wound area (in pixels)
measured by computer assisted plannimetry on day 9 (mean+SEM,

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
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n=20 for each group). *P<0.01, Student’s ¢ test. (b) The effect of age
on wound healing in db/db mice. For mice of the indicated age, the bar
graph shows wound area on day 9 (mean+ SEM, n=20 for each group).
*P<0.01, Student’s ¢ test (from [38], with permission).

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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Ficure 8.3 Expression of mRNAs for HIF-1a (alpha) and angiogenic
cytokines in wounds of 2- and 6-month-old db/db mice. Total RNA was
extracted from normal skin (day 0) and wounds on day 3 and day 5 and
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assayed by qRT-PCR for each mRNA. (a) HIF-1a (alpha); (b) PLGF;
(c) PDGF-B; (d) VEGF; (e) ANGPTT; (f) ANGPT2. *P<0.01, ANOVA
with Tukey Test, n=3 for each group (from [38], with permission).
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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 leftin 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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(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

<

Sitting on a chair

@

1)
.I\Il. i J."-

Flat lying

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.

Ficure 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. (¢) 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.
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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.

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

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

Ficure 8.7 Case report: “Pinch Test” showing that the skin graft
was not densely adherent to the underlying 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).
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Ficure 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
NEeCrosis.

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, accompanied
by CO, 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.
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Outcome

With this multi-pronged approach this patient survived a
high risk scenario of ulcerated ventral hernia with ascites
leak. After the debrided wound was treated with the VAC
it granulated, and after 12 days was closed in the operat-
ing room (Fig. 8.9). It healed in a satisfactory manner,
and the patient was discharged to a rehabilitation unit
after 4 weeks of hospitalization.
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Chapter 9
Frailty and Surgery in the Elderly

Babak J. Orandi, Jordan M.Winter, Dorry L.Segev, and Martin A. Makary

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
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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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Disability

Comorhidity

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

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]:

TaBLE 9.1 Frailty criteria

Slow gait speed

Low physical activity
Unintentional weight loss
Self-reported exhaustion
Muscle weakness

RAEE Rl

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

Criteria Notes
Slow gait speed Timed 15 foot walk Height (cm) Time (s)
Men
<173 >7
<173 >6
Women
<159 >7
<159 >6
Low physical activity Based on Minnesota Leisure Time Activity Weekly kcal expenditure
Questionnaire Men <343
Women <270

Unintentional weight loss >10 1b weight loss in past year

Self-reported exhaustion

felt the following

Muscle weakness Base