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“Today’s medical trainees are faced with the seemingly insurmountable task of mas-
tering an ever-expanding body of knowledge. Not only is the student expected to
understand the pathophysiological basis of disease, but also to recognize the disease
in the clinical setting, determine the appropriate tests with which to fully evaluate
the disease, interpret the results of these tests, and apply all of this information to
the development of an appropriate treatment plan. These skills are then tested
both at the bedside and in a series of USMLE examinations.

While no student can be expected to know every aspect of medicine, certain
fundamental principles must be identified and learned. This can be difficult given
the current state of information overload. In no specialty is this truer than in the
field of cardiology. The past several decades have witnessed the introduction of a
vast array of increasingly more complex diagnostic modalities and the development
of innumerable pharmacological and non-pharmacological therapies. In addition,
a veritable tidal wave of clinical trials has been performed, aimed at determining
the appropriate use of these diagnostic and therapeutic options,

In this new addition to the Blueprints series, we have attempted to cover the
core competencies in cardiology. We have discussed those skills that are essential
to success in clinical rotations (including key cardiac symptoms and physical find-
ings, as well as the interpretation of cardiac tests), and have covered a broad array
of cardiac disorders that consistently appear on the board examinations. Although
memorization of specific facts is an essential component of the learning process,
we strongly feel that a true understanding of disease requires knowledge of disease
process. Throughout the text, we briefly review the pathophysiology of cardiac
diseases and use this review as a guide to understanding the clinical presentation
and wreatment of these diseases.

We hope that you find Blueprints in Cardiology informative and useful. We
welcome feedback and suggestions you may have abouat this book or any in the
Blueprints series. Send to Blue@blacksci.com.

Eric H. Awtry
Arjun V. Gururaj
Melame Maytin
Michael W. Tsang
Benoy J. Zachariah
Joseph Loscalzo
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Abbreviations

Ag: aortic component of the second heart sound
ABE: acute hacterial endocardits

ARI: ankle-brachial index

ACS: acute coronary syndrome

ACE: angiotensin-converting enzyme

AF: atrial fibrillation

Al aortic insufficiency

AMI: acute myocardial infarction

Ao aorta

AP: action potential

AS: aortic stenosis

ASD: atrial septal defect

ASH: asymnetric septal hypertrophy

AV: aortic valve

AV node: atrioventricular node

AVNRT: atrioventricular nodal reentrant tachycardia
AVRT: atrioventricular reentrant tachycardia
BID: twice daily

BP: blood pressure

BPM: beats per minute

CAD: coronary artery disease

CABG: coronary artery bypass graft

CEA: carotid endarterectomy

CHB: complete heart block
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CHD: ’congenj_m'l_' heart disease ... ST EEII T ETER
CHF: - cdﬁgestiiie ‘heart failare -

CL: cardiac index

CK: creatinine kinase

CMP: cardiomyopathy

CNS: central nervous system

CO: cardiac output

CPR: cardiopulmonary resuscitation

CSM: carotid sinus massage

(OF K computed tomography

CVID: cerehrovascular disease

CVA: cerchrovascular accident

DCM: dilated cardiomyopathy

DM: diabetes mellitus

DVT: deep venous thrombosis

ECG: electrocardiogram

EEG: clectroencephalogram

E¥: ejection fraction

EPS: electrophysiological study

ETT: exercise tolerance test

HE: heart block

HCM: hypertrophic cardiomyopathy

HDL: high-density lipoprotein

HI: heart failure

HIV: human immunodeficiency virus
HOCM: hypertrophic obstructive cardiomyopathy
HR: heart rate

HTN: hypertension

IABP: intra-aortic balloon pump

ICD: implantable cardioverter-defibrillator
DL intermediate density lipoprotein

IE; infectious endocarditis _
THSS: idiopathic hypertrophic subaortic stenosis
INR: international normalized rato

VG inferior vena cava

JVP: jugular venous pressure

TA: left atrivum

LEBEB: left bundle branch hlock

LDL: low-density lipoprotein



< not for sale! > < He pnA nporasxy ! > < CHaH ¥ IeRApR-ROGHBEPOHA: MYCARI s7 dpoww. v >

Bueprns in c;l_iolby”& .

LMWH: low molecular weight heparin

Lp(ak lipoprotein (a)

v left ventricle

IVEDP: left venwricular end diastolic pressure
IVOT: left ventricular outflow tract

MAT: multifocal atial mchycardia

MI: myocardial infarction

MR: mitral regurgitation

MRA: magnetic resonance angiography
MRIL: magnetic resonance imaging

MS: mitral stenosis

MV: mitral valve

MVP: mitral valve prolapse

NSTE: non-5T elevation (MI)

NSVT: nonsustained ventricular tachycardia
NVE: native valve endocarditis

Py pulmonic component of the second heart sound
PA: pubmonary artery

PAC: premature atrial complex

PAD: peripheral arterial discase

PCN: penicillin

PCWI(P): pulmonary capillary wedge (pressure)
PDA: patent ductus arteriosus

PE: pulmonary embolisin

PMI: point of maximal impulse

PPH: primary pulmonary hypertension

Ps: pulmonic stenosis

PTA: percutancous transluminal angioplasty
PTCA: percutaneous transluminal coronary angioplasty
PV: pulmonary valve

PVC: premature ventricalar complex

PVE: prosthetic valve endocarditis

PVR: pulmonary vascular resistance

RBBB: right bundle branch block

RA: right atrium

RCM: restrictive cardiomyopathy

RE: rheumatic fever, or radio frequency (ablation)
RHD: rheumatic heart disease

RIND: reversible ischemic neurological deficit
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RV right ventricle

RVTL: right ventricular hypertrophy
RVL right ventricular infarction

S first heart sound

S5 second heart sound

S;: third heart sound

Ss forth heart sound

SA: sinoatrial

SBE: subacunte bacterial endocarditis
SBP: systolic blood pressure

SCD: sudden cardiac death

SIDS: sudden infant death syndrome
SLE: systemic Jupus erythematosus
SND: sinus node dysfunction

SPH: secondary pulmonary hypertension
5SS: sick sinus syndrome

STE: ST elevation (MI)

SV stroke volume

SVR: systemic vascular resistance
SV supraventricular tachyeardia
TAO: thromboangiitis obliterans
Tdp: torsade de pointes

TEE: transesophageal echocardiography
TG: triglyceride

TIA: transient ischemic attack
TID: three times daily

TOT: tetralogy of Fallot

TPA: tissue plasminogen activator
TR: tricuspid regurgitation

TV: tricuspid valve

UA: unstable angina

VI ventricular fibrillation

VLDL.: very low density lipoprotein
VPC: ventricular premature complex
VSD: ventricular septal defect

VT ventricular tachycardia

VTE: venous thromboembolic

WPW- Wolff-Parkinson-White
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Chest Pain

Angina

Myocardial infarction
Aortic dissection
Pericardits

Pulmonary embolism
Pneumonia

Pleurisy

Pneumothorax
Pulmonary hypertension
Gastroesophageal reflux disease
Fsophageal spasim
Costochondritis

Rib fracture

Anxiety

Dyspnea

Congestive heart failure
Myocardial ischemia
Myocardial infarction
Restrictive heart disease
Pericardial tamponade
Pulmonary embolisim
Prnenmonia

Chronic obstructive pulmonary
disease

Asthma

Bronchitis

Pleural effusion
Pneumothorax
Pulmonary hypertension
Interstitial lung disease

L < CRap ¥ PeRARN-RCGHBEDRCHMA: MYCRHI s7 dpodm. py >

- Upper airway obstruction
- Ancmia

- Obesity

Syncope

- ‘Tachyarrhythmias

- Bradyarthythmias

- Aortic stenosis

~  Micral stenosis

- Hypertrophic cardiomyopathy
- Vasovagal syncope

- Carotid sinus sensitivity
- Orthostasis

- Agial myxoma

~  Pulmonary embolism

- Pulmonary hypertension
- Cerebrovascular accident
- Seizure

- Hypoglycemia

- Anxiety

Palpitations

- Agwial premature beats

- Ventricular premature beats
- Tachyarrhythinias

- Bradyarrhythmias

- Hyperthyroidism

- Anxiety

- Anemta

Edema

- Heart failure

- Nephrotic syndrome

- Cirrhosis

Signs and Symptoms

- Venous insufficiency

- Deep venous thrombosis
- Hypothyroidism

- Lymphedema

Left-Sided Heart Failure

- Myocardial ischemia

- Myocardial infarction

- Ischemic cardiomyopathy

- Dilated cardiomyopathy

- Valvular heart disease (MS, MR,
AS, Al)

- Myocardits

- Infiltrative heart disease

- Hypertension

- Restrictive cardiomyopathy

- Tachyarrhythmias

- Thyrotoxicosis

- Arteriovenous fistula

- Anemia

Right-Sided Heart Failure

- Left-sided heart failure

- Right ventricular infarction

- Pulmonary emholism

~  Primary pulmonary
hypertension

- Secondary pulmonary
hypertension (e.g., COPD,
chronic emholic disease)

- Constrictive pericarditis

- Pericardial tamponade

- Tricuspid regurgitation
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Important
Cardiovascular
Formulas

Alveolar-arterial gradient = [(P,.,. — Pipo)(F1O,) — (PCO,/0.8)] — Pa)2

Blood pressure = CO x SVR

CO = 5V x HR (units: /min)

CI = CO/BSA (units: I/min/m?) {where BSA is the body surface area in m?)

LDL cholesterol = total cholesterol — (FDL + TG/5) (providing TG are <400 mg/cl)
Maximum predicted heart rare = 220 — age

Mean pulmonary artery pressure = 1/3 PA systolic pressure + 2/3 PA diastolic pressure

Mean systemic arterial pressure = 1/3 systemic systolic pressure + 2/3 systemic
diastolic pressure

Pulmonary vascular resistance = [(rrean PAP — PCWP)/CO] % 80 {units: dynes-sec-cm™)
Pulse pressure = systolic BP - diastolic BP
Stroke volhime = LV end diastolic volhume — LV end systolic volume

Systemic vascular resistance = [(MAP ~ CVPYCO] x 80 (units: dynes-sec-om™)

BP: blood pressure Prie: partial pressure of water (47 mmHg)
C1: cardiac index P.CO;y: anterial CO, concentration

CO: cardiac ourpur PA: pulmonary artery

CVP: central venous pressure PAP: pulmonary arterial pressure

FIO;: percent inspired oxygen (21% on room air)  PCWP: pulmonary capillary wedge pressure
HR: heart rate SV siroke volume

MAP: mean arteria] pressure SVR: systemic vascular resistance

P atmospheric pressure (760 mmHg at sea level) TG: triglycerides

xvi
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Despite major innovations in diagnostic technology and
advances in medical therapy, a well-performed history
and physical examination remain the cornerstone of
good patient care. In addition to providing important
clues about a patient’s illness, a thorough evaluation
helps to direct further diagnostic testing and therapy. It
also provides the physician an opportunity w establish
rapport with the patient; strong physician-patient rela-
tionships establish trust and help to ensure compliance
with treatment regimens. Conversely, an inadequate or
poorly obtained history may trigger inappropriate or
incomplete testing and contribute to additional mor-
bidity and mortality.

The cardinal symproms of heart disease include chest
pain, dyspnea, and palpitations. These symptoms will be
discussed in this and the following chapters. A thorough
history of each symptom includes information regard-
ing symptom duration, frequency, quality, severity,
aggravating or alleviating factors, and associated symp-
toms, With regard to chest pain, location and radiation
are also important features.

CLINICAL MANIFESTATIONS

Mm\mm\aewmw mmw Mﬂﬁmﬁ%}ﬁﬂ@%ﬂmﬁ\%m
History

Angina is the cardinal symptom of coromary artery
disease (CAD) and results from inadequate oxygen deli-
very to the myocardium. It is usually an uncomfortable
sensation rather than a pain, and may be described as:

Chest Pain

* an ache

*  hearthurn

* indigestion

* 3 choking sensation
* constriction

* pressure

The symptom is generally substernal in location, but
may radiate or localize to the precordium, neck, jaw,
shoulders, arms, or epigastrium. Patients with angina
often use a clenched fist to indicate the site of discom-
fort (Levine’s sign). Anginal pain is generally triggered
by exertion, relieved by rest, and resolves more rapidly
(within 1 to 5 minutes) with sublingual nitroglycerin.
Other precipitating factors inclade cold weather, walk-
ing on inclines, emotional upset, fright, and the post-
prandial state. Occasionally, it may occur spontaneously
in the early morning hours.
Anginal chest pain may occur in several patterns:

* Stable angina is angina that occurs in a well-
defined, reproducible pattern——usually on exertion.

* Unstable angina refers to angina that is new, occurs
at rest, or occurs more frequently than the person’s
usual angina,

* The pain of 2 myocardial infarction is usually more
intense and longer lasting than angina, radiates more
widely, and is often accompanied by dyspnes, dia-
phoresis, palpitations, nausea, and vomiting.
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Importtantly, many patients, especially diabetics, do not -
hav-e' typ‘ic‘al a'nginai cﬁh‘c‘;t ' paih during a'n 'isc‘h'er'nic :

present with atypical chest pain, restlessness, dyspm,a,
or diaphoresis.

Physical Examination

Physical findings can be quite helpful in the evaluation
of chest pain and may occasionally implicate specific
etiologies. A pericardial friction rub is pathognomonic
for pericarditis. A late-peaking systolic murmur at the
upper sternal border indicates aortic stenosis. Unequal
pulses or blood pressure in the arms and the presence
of an aortic insufficiency murmur strongly suggest
aortic dissection.

Angina may be associated with a normal physical ex-
amination; however, an Ss, S;, or murmur of mitral regur-
gitation is often heard during the ischemic episode.

DIFFERENTIAL DIAGNOSIS OF
CHEST PAIN

The key to differentiating innocuous causes of chest
pain from those that are potentially life threatening lies
in the history (see Table 1-1). ‘The chest pain of aortic
stenosis, hypertrophic cardiomyopathy, and pulmonary
hypertension may be indistinguishable from angina.
Aortic dissection classically presents with severe sub-
sternal chest pain that is tearing in quality, comes on
abruptly, and radiates to the interscapular or lumbar
region. The sudden onset of chest pain that is associ-
ated with dyspnea may herald a pulmonary embolism;
this pain is usually worse upon inspiration (pleuritic) and
may be substernal or more lateral in location. A similar
pain can occur with pnewmonia or a spontaneous
pneumothorax. Pericarditis causes chest pain that is
substernal or precordial, radiates to the shoulder, is
often pleuritic, sharp, worse when swallowing or lying
supine, and improved by leaning forward.

Several gastrointestinal disorders (e.g., peptic ulcer
disease, gastroesophageal reflux disease, pancreatitis,
gall bladder disease) can present with chest pain, but
frequently have an abdominal component to the discom-
fort or are temporally associated with eating, and may be
relieved with antacids. Esophageal spasm may mimic
angina but it is not related to exertion and is frequently
provoked by food. Pain resulting from discases of the
muscles, ligaments, or hones of the chest tends to be

< CRAK M ReXapR-RORBERCHA: MYCAHLR 5T $pOoHT. Ry >

localized-and is exacerbated by movemmt or ¢ertain

" posturcs.” Sharp;’ stabbing chest pains localized to the
" precopdinm and lasting only a few seconds are rarely

cardiacin etiology and are usually associated with anxicty.

Several other historical factors are important to
note when evaluating a patient with chest pain. These
include:

s risk factors for CAD (scé Chaptcr 9 (sugpests
angina)

* cocaine use (suggests coronary spasimn)

lness

* recent viral {suggests  pericardits  or

pneumonia)

* recent prolonged immobility (suggests pulmonary
embolism)

« history of bullous
pneumothorax)

lung  disease  (suggests

¢ recent injury (suggests musculoskeletal pain)

* history of Marfans syndrome (suggests aortic
dissection)

DiAGNOSTIC EVALUATION

S i

The mltlal tests -for patients with chest pain - ‘;hould
include an clectrocardiogram (ECG) and a chest x-ray.
The ECG may demonstrate regional ST segment
depression/elevation indicating myocardial ischemia/
infarction, or may reveal the diffuse ST segment
elevation of pericarditis. A chest x-ray may reveal rib
fractures, focal infiltrates of pneumonia, wedge-shaped
peripheral infiltrates of pulmonary emboli, or the radio-
lucency of a pneumothorax, It may also suggest aortic
dissection (widened mediastinum), or hiatal hernia
(stomach in the thoracic cavity).

If an acute coronary syndrome is suspecred, medical
therapy (sce Chapters 14 and 15) should be immediately
started and serial ECGs and cardiac enzymes (creatine
kinase and troponin) checked to confirm or exclude a
myocardial infarction. For patients in whom the diag-
nosis remains uncertain but CAD is suspected, a stress
test can be performed for clarification. Chest pain asso-
ciated with 5T segment depression during a stress test
is diagnostic of angina, Cardiac catheterization remains
the gold standard for the diagnosis of coronary artery
disease and may be necessary to rule out significant
CALY in a subset of patients for whom other tests are
unable to confirm or exclude the diagnosis.
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Differential Diagnosis of Chest Pain-

Diagnosis

- Characteristic Features

Physical Findings

< CRAH U Perapn-RoHpepoHA: MYCAHRI s7 dponw. py >

Chest Pain

Diagnostic Tests
(Finding)
Angina Substernal, exertional, relieved S3. 5S4 or MR murmur ECG, Exercise stress test
with rest or nitroglycerin; lasts during pain; vascular (ST depression)
5-15 minutes bruits
Myocardial Similar to angina, only more S35, 54, congestive heart ECG (ST depression or
infarction severe and prolonged failure, tachycardia elevation); increased cardiac

Aortic stenosis

Aortic dissection

Pericarditis

Pulmonary
hypertension

Pulimonary
embcglism

Pneumonia

Spontaneous
pneumcthorax

Esophageal
Fupture

Gastroesophageal
reflux

Escphageal
spasm

Musculoskeletal
pain

Herpes zoster

Anxiety

Similar to angina

Sudden, severe, tearing pain,
radiating to the back

Sharp, pleuritic pain that is
worse with swallowing and
worse when lying down; may
radiate to shoulder

Sirnilar to angina

Sudden onset of pleuritic chest
pain associated with shortness
of breath

Sharp, pleuritic pain associated
with cough, shortness of breath
Sudden sharp chest pain

Follows vomiting or esophageal
instrumentation, constant

Burning substernal pain
aggravated by eating or lying
down

Sudden severe pain that can
mimic angina

Sharp or achy pain, worse with
movement, tender to touch
Sharp, burning pain in
dermatomal distribution
Variable quality and location of
pain; stressful situations

Murmur of acrtic stenosis

Unegual arm pulses and
BP; hypertension; Al
murmur

Pericardial friction rub

Loud P2, signs of right
heart failure

Tachypnea, hypoxia,
tachycardia, signs of
acute right heart failure

Rhonchi over affected
lung area

Eecreased breath sounds
and hyper-resonance
over affected lung

Mediastinal crunch

None

None

Tenderness over
involved area

Vesicular rash over
affected area

Chest wall tenderness

efzymes
Echocardiogram (stenotic
aortic valve)

TEE, MRI, or CT scan
(dissection flap)

ECG (diffuse ST elevation)

Echecardiogram, Swan-Ganz
catheter {increased PA
pressure)

VQ scan, spiral CT scan, PA
angiogram (perfusion or
filling defect)

CXR (pulmonary infiltrate)

CXR (air in pleural space;
lung collapse)

CXR (pneumothorax, left
pleural effusion), Barium
swallow

Upper Gl series, endoscopy
(reflux of gastric contents)

Esophageal manometry
(increased esophageal
pressure)

None

Tzanck prep of vesicular
fluid (giant cells)

Diagnosis of exclusion

MR: mitral regurgitation; ECG: electrocardiogram; BP: blood pressure: Al: aortic insufficiency: TEE: transesophageal
echocardiogram; MRI: magnetic resonance imaging: PA: pulmonary artery; VQ: ventilation/perfusion; CT: computed tomography;
CXR: chest x-ray, Gl: gastrointestinal.
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In-patients with pulmonary emboli, - arterial blood =i

gases usually ~reveal hypoxia -and/or “widened A-a
gradient, and vendlation/perfusion (V/AQ) scanning or
spiral C'T' scanning may confirm the diagnosis. Patients
suspected of having an aortic dissection should undergo
urgent transesophageal echocardiograpby, CT scanning
with intravenous contrast, or magnetic resonance imag-
ing (MRI). Patients suspected of having a gastroe-
sophageal cause of their chest pain may need a barium
swallow (esophageal reflux or rupture), endoscopy
(esophagitis, gastritis, peptic ulcer discase), hepatobiliary
hydroxyiminodiacetic acid (HFDA) scan or abdominal
ultrasound (gail bladder disease), esophageal manometry
(esophageal spasmy}, or continuous esophageal pH mea-
surement (reflux) to confirm the diagnosis.
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pain should focus on possible life-threatening
causes, Including acute cardiac ischemia, aortic
dissection, and pulmonary embolism.

2. Angina classically causes chest pain that is sub-

sternal, precipitated by exertion, and relieved
with rest or after sublingual nicroglycerin.

A variety of pulmonary, musculoskeletal, and
gastrointestinal disorders can present with
chest pain and may be difficult to distinguish
from true angina.
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Dyspnea is an uncomfortable awareness of breathing.
It is & common symptom of cardiac and pulmonary dis-
eases, and may also result from neurological conditions,
chest wall problems, and anxiety states.

DIFFERENTIAL DIAGNOSIS OF
DYSPNEA (see Table 2-1)

.Dyspnea

Cardiac causes of dyspnea predominantly relate to’

increased pressure in the left ventricle and/or atrium.
This pressure is transmitted back to the lungs where
it results in transudation of fluid into the interstitial and
alveolar spaces, and interferes with alveolar gas ex-
change. This can occur as a result of:

* valvular heart disease (mitral or aortic regurgitation
OF SteEnosts)

* left ventricular systolic dysfunction (schemic or
non-ischemic cardiomyopathies)

* left ventricular diastolic dysfunction (e.g., left ven-
tricular hypertrophy, acute myocardial ischemis,
infiltrative cardiomyopathy)

* pericardial diseases (pericardial constriction or
tamponade)

Pulmonary causes of dyspnea may result from abnor-

malities of the tracheobronchial tree, alveolae, pul-
monary vasculature, or pleura. These include:

*  pnewmonia

* chronic obstructive pulmonary disease (COPD)

* asthma

* pulmonary embolism (PE)

* pneumothorax

* pulmonary fibrosis

s pulmonary hypertension

s  pleural effusion

* airway obstruction

» diaphragmatic paralysis

Dyspnea may also be a feature of anemia, hyperthy-
roidism, obesity, neurological disorders that effect

the respiratory muscies, physical deconditioning, and
anxiety.

CLINICAL MANIFESTATIONS

History

Several historical features may help differentiate be-
tween causes of dyspnea. The sudden onset of dyspnea
may occur with angina, pulmonary edema, pneumotho-
rax, or PE. Slowly progressive dyspniea may result from
COPD, pleural effusions, anemia, or chronic congestive
heart failure (CHF). Other historical features that impli-
cate specific causes of dyspnea include:
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Differential Dlagno'sus of Dyspnea :

Categorical Couse

Spec;f ic Cause of Dyspnea
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Diagnostic Test(s) of Choice - -

of Dyspnea
Cardiac Congestive heart failure/pulmoenary edema CXR, echocardiogram, metabolic stress
test; BNP
Ischemnia ECG, Exercise stress test
Valvular disease {AS, Al, MS, MR) Echocardiogram
Pericardial (tamponade, constriction} Echocardiogram
Restrictive heart disease (infiltrative or Echocardiogram
hypertrophic heart diseases)
Pulmonary COPD CXR, PFTs
Asthma PFTs, methacholine challenge
Pneumnonia CXR
Pleural effusion CXR
Pulmonary embolism VI scan, spiral CT scan, PA
angiogram
Prneumothorax CXR
Pulmonary fibrosis CXR, high resolution CT scan
Pulenonary hypertension Echocardiogram, PA catheter
Airway obstruction CXR, PFTs, bronchoscopy
Other Anemia Hematocrit
Hyperthyroidism TSH
Diaphragmatic paralysis PFTs, CXR

CXR: chest x-ray; BNP: brain natriuretic peptide; ECG: electrocardiogram; AS/: zortic stenosisfinsufficiency; MS/R: mitral
stenosis/regurgitation; COPD: chronic obstructive pulmonary disease; PFTs: pulmonary function tests; VAQ: ventilation-
perfusion; CT: computed tomography; TSH: thyroid stimulating hormone.

* chest pain (angina, myocardial infarction (ML),
pneumonia, PE, preumothorax)

* cough (pneumonia, bronchitis, asthma)

* fever (pneumonia, bronchitis)

*  hemoptysis (PE, bronchitis)

* history of smoking (COPD)

* cardiac risk factors (angina, MI)

¢ chest wall trawma (pnevmothorax)

It is also important to note the pattern of dyspnea.

Dyspnea is frequently precipitated by exertion irrespec-

tive of its cause. Dyspnea that occurs at rest usually indi-

cates severe cardiac or pulmonary disease. Paroxysmal

nocturnal dyspnea suggests left heart failure; this usually
occurs 2 to 4 hours into sleep and requires that the

patient sit up or get out of bed to obtain relief. Orthop-
nea is often a symprom of heart failure, but can also
occur as a result of pulmonary disorders.

Physical Examination

The physical examination of the person with dyspnea
usually demonstrates tachypnea. Patients may also be
cyanotic, reflecting poor oxygenation or low cardiac
output. In patients with cardiac diseases causing
dyspnea, examination may reveal evidence of valvular
heart disease (e.g., murmurs, opening snap of mitrat
stenosis (MS), widened pulse pressure of aortic regurgi-
tation) or evidence of CHF (S;, pulmonary rales, ele-
vated jugular venous pressure). Patients with pneumonia
may have fever and focal lung findings, whereas
patients with COPD may have diffusely reduced air
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entry and wheezes. Decreased breath sounds may
indicate plearal’ éffusion or prieumothorax, whereas a

pleural ‘rubindicates pleutitis associated with-PE or

pneumonia. Wheezes may be heard with heart failure or
bronchospasm, while stridor indicates upper airway
obstruction.

DIAGNOSTIC EVALUATION

The approach w patients with dyspnea depends in
part on the acuity of the problem. Patients with
acute dyspnea require a rapid evaluation to exclude
life-threatening causes, whereas patients with chronic
dyspnea require less urgent evaluation.

The initial test of choice for most patients with
dyspnea is the chest x-ray. This can be diagnostic in a
variety of settings including:

* pneumonia (focal infiltrate)

* CHF (Kerley B lines, vascular cephalization, car-
diomegaly, pulmonary edema)

» pleural effusion (blunted costophrenic angle)

* pneumothorax (mediastinal shift,
markings)

loss of lung

The chest x-ray may also suggest the diagnosis in the
setting of:

* PE (peripheral infiltrate, loss of vascular markings)
*  COPD thyperinflation, bultous changes)

* cardiac tamponade (large, “water bottle”—shaped

cardiac silhouette

If dyspnea is associated with chest pain, or the patient
has known or suspected coronary artery disease (CAD),
an ECG should be obtained to exclode acute ischemia
as the cause. Suspected cardiac causes of dyspnea should
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be evaluated with an echocardiogram o evaluate ven-
tricular systolic-and diastolic function, and to exclude
valvitlar heart disease.

A complete blood count should be obtamed 1o eva-
luate for anemia. Arterial blood gas analysis rarely clari-
fies the underlying diagnosis, but it can be helpful in
assessing physiological significance and severity of the
disease. An elevated serum brain natiuretic peptide
(BINP) level during an acute episode of dyspnea suggests
CHEF as the cause.

The extent to which dyspnea is attributable to lung
disease can be assessed with pubmonary function tests
(PFTs). With PFTs, flow-volume loops, lung volumes,
and diffusion capacity cap be measured to assess for
restrictive or obstructive lung diseases. CT scanning is
appropriate to evaluate patients suspected of having
interstitial lung disease or pulmonary emboli, the latter
of which may also be diagnosed with a ventilation-
perfusion lung scan.

Often it is not clear if a patient’s dyspnea is the result
of cardiac or pulmonary disease. In this setting, meta-
bolic exercise testing (see Chapter 6) or invasive assess-
ment of intracardiac and pulmonary vascular pressures
with a pulmonary artery catheter (Swan-Ganz catheter)
may help distinguish between the two possibilities.

1. Dyspnea is ‘the uncomformble ‘awareness of
breathing.

2. Dyspnea most commonly results from cardiac
or pulmonary disease.

3. Life-threatening causes of dyspnea include
pulmonary embolism, pneumothorax, pneu-
monia, and myocardial ischemia/infarction.
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Palpitations are the subjective awareness of the heart
beating and are usually the result of a change in heart
rate, heart rhythim, or the foree of cardiac contraction.

ETIOLOGIES

A wide variety of disorders can produce palpitations
(Table 3—1). The most common causes are arrhythmias,
medications, and psychiatic disorders.

CLIN!CAL MANIFESTATIONS

Hlstory

Patients may describe palpitations as a fluttering,
skipping, or pounding sensation in their chests and may
have associated lightheadedness, dizziness, or dyspnea.
Arrhythmias are the predominant cause and include
supraventricular (SVT) and ventricular (V) tachy-
cardias, and premature atrial (PAC) and ventricular
(PVC) contractions. The pattern of palpitations may
suggest the underlying cause. Patents can often repro-
duce the rhythm by tapping their fingers on a table—a
rapid regular rthythm suggests sinus tachycardia, SVT,
or VT, whereas a rapid, irregular rhythm suggests atrial
fibrillation (AT, or frequent premarure beats.

Abrupt onset and termination suggests SVT or VT.
Associated syncope is more likely with VT than SVT.
Single “missed beats” or “flip-flops” are usually from
atrial or ventricular premature contractions. Rapid

< CRal W BEe¥aRR-KROBBEDCHMA: MYCAHR sT dpodT. py >

regular palpitations associated with a pounding sensa-
tion in the neck sugpests a specific type of SVT called
AV nodal re-entrant tachycardia (AVNRT) (see Chapter
23). A very slow rate suggests sinus bradycardia or heart
block. Palpitations triggered by mild exertion suggest
underlying heart faiture, valvular disease, anemia, thy-
rotoxicosis, or poor physical fitness. Occasionally, VT
that arises from the right ventricte (RV) outflow tract
may present as exercise-induced palpitations. Although
anxiety can cause palpitations (typically owing to sinus
tachycardia), other more worrisome diagnoses should be
excluded. Many young women with SVT are wrongly
labeled with anxiety or panic disorder as the cause of
their palpitations.

A history of excessive caffeine intake or of cocaine
use suggests SV'T or PACs as the cause, A thorough
review of the patient’s medications should be performed
to exclude pro-arrhythmic medications {e.g., antiar-
rhythmic agents, antipsychotic agents) or stimulants
(e.g., bera-agonists, theophylline).

Physical Examination

The examination of the person with palpitations is fre-
quently nnrevealing; however, clues to the underlying
disease may be found and include:

* mmurmurs {(valvular hearr disease)

elevated jugnlar venous pressure (JVP), rales (heart
failure)

enlarged thyroid gland {thyrotoxicosis)
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Common Catises of Palpitations’
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Palpitations

Cardiac

Tachyarrhythmias (see Chapter 23)
Bradyarrhythmias (see Chapter 24)
Valvular heart disease (e.g., mitral

- valve prolapse)

Implanted paceraker

Cardiomyopathy (dilated or
hypertrophic)

Metabolic
disorders

Thyrotoxicosis
Hypoglycemia

Pheochromocytoma
Electrolyte abnormalities (hyper- or

hypokalemia, hypomagnesemia)

Drugs

Psychiatric

Other

Medications/

Sympathomimetic agents (e.g.,
theophylline, albuterol)

Vasodilators

Cocaine

Amphetamines

Caffeine

Nicotine

Panic attacks
Anxiety disorder
Depression
Emotional stress
Pregnancy
Anemia

Fever

Palpitations

l

Conclusive or

Thorough history

Physical examination

ECG

7 labs (TSH, hematocrit, electrolytes)

suggestive of
diagnosis

B

l Non-conclusive

Ambulatory ECG monitoring

Documented
arrhythmia

{Holter or event recorder}

No documented arrhythmia
+ High risk features

'

Constder elecirophysiological
testing

Figure 3~1

A J

Specific therapy or
focused testing

Specific therapy

No documented arthythmia

No high risk features

N

No further work up

An approach to the evaluation of palpitations.
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DIAGNOS"I“IC EVALUATION
" {see Figure 3-1)

The most helpful diagnostic qtudy in the evaluation
of palpitations is a 12-lead ECG performed during
the patient’s symptoms. Unfortunately, a routine ECG
performed in the absence of symptoms is rarely
diagnostic. The routine ECG may, however, provide
clues to the presence of cardiac conditions such as
pre-excitation syndrome (short PR, delta wave), cardio-
myopathy (Q waves, ventricular hypertrophy), or
valvular heart disease (ventricular hypertrophy, atrial
enlargement).

Prolonged monitoring with a 24-hour ambulatory
ECG, ambulatory event monitor, or an implantable
loop recorder is usually necessary to determine the cause
of infrequent palpitations. An echocardiogram should
be performed if underlying heart disease is suspected. A
serum [SH level should be routinely obtained to
exclude hyperthyroidism as a cause of PACs or SVT. A
very aggressive diagnostic strategy should be pursued in
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~those - patients -with-:a- high_ likelihood of -V T—this

inchides those with significint valvular disease, myocar-
dial disease, or prior myocardial infarcticon, and .those
with a family history of syncope or sudden death. Rarely,
electrophysiological studies may be necessary to deter-
mine the cause of palpitations,

1. Although they are often the result of benign
conditions, palpitations may indicate the pres-
ence of life-threatening disorders.

2. The history is crucial to identifying possible
etiologies of palpitations.

3. An ECG (12 lead or chythm strip) during
symptoms is essential to confirm the diagno-
sis.

4. Prolonged ECG monitoring may be required
before the diagnosis is established.
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Physical

Examination of
the Cardiovascular
System

A thorough physical examination can provide clues to
the presence and severity of cardiovascular disease, and
alert one to the presence of life-threatening conditions
even before the results of any diagnostic workup are
available.

GENE RAL. APPEARANCE

R

Dyspnea, tachypnea, use of acces‘;ory respiratory
muscles, discomfort from pain, diaphoresis, and cya-
nosis may all indicate vnderlying cardiac disease.

PULSE

The pulse should be examined for rate, regularlty,
volume, and character. Some abnormalities in the char-
acter of the pulse may be diagnostc for certain cardio-
vascular conditions:

¢ Irregularly irregular: Arrial fibrillation, multifocal
atrial tachycardia.

Collapsing: Aortic insufficiency

Bisferiens (double impulse): Combined aortic
stenosis (AS) and insufficiency

Pulsus parvus (weak) et tardus (delayed): Severe
aortic stenosis

Pulsus alternans (alternating strong and weak
pulse): Severe LV dysfunction

¢ Pulsus paradoxus (marked inspiratory decrease in
strength of pulse): Cardiac tamponade, pericardial
constriction, severe obstructive airway disease.

jUGULAR VENOUS PRESSURE QVP)

'I he jugular venous pulsauon is best vlsuahzed with the
patient lying with the head tilted up 30-45°. The central
venous pressure can be estimated by adding 5om (the
vertical distance between the center of the right atrivm
(RA) and the sternal angle) to the maximum vertdcal
height of the pulsations above the sternal angle. The
JVP is elevated in heart failure and not identifiable in
volume depletion. When heart failure is present, finm
pressure over the abdominal right upper quadrant will
cause persistent elevation of the JVP (hepatojugular
reflux). Characteristic abnormalities of the jugular

venous waveforms occur in a variety of cardiac disorders
(Figure 4-1).

INSPECTION AND PALPATION OF
THE CHEST

The pomt of mammal impulse (PMD of the L\J apex
should be focated and palpated. It is usually in the 57
intercostal space at the mid-clavicular line; it is displaced
laterally with right ventricle (RV) dilation and infero-
laterally with 1V dilation. It is diffuse with dilated
cardiomyopathy or LV aneurysm, and may demonstrate

I3
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Figure 4-1 Jugular venous waveforms. (a) Normal,
(b) Absent a wave in atrial fibrillation. {c) Prominent a
wave and shallow y descent in tricuspid stenosis. {d)
CV wave in varying degrees of tricuspid regurgitation.
{e) Rapid x and y descents in constrictive pericarditis.
{f) Rapid x descent and absent y descent in pericardial
tamponade.

a double impulse with hypertrophic cardiomyopathy,
AS, or hypertension. A left parasternal heave may be
evident with RVH.

AUSCULTATION OF THE CHEST

Heart Sounds

The entire precordium should be systematically exa-
mined for normal heart sounds (S; and S,), gallops (S;
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Bortic Brea - Pulmonic Area

Tricuspid Area Mitral Ares

Figure 4-2. Locations of maximal intensity of
murmurs depending on the valve of origin.

or 84), and other additional sounds {e.g., clicks, snaps).
These auscultarory findings are strongly correlated with
specific cardiac disorders (see Table 4-1).

The second heart sound comprises the aortic valve
(A2) and pubtmonic valve (P2) closure sounds, and is
abnormal in a variety of disease states. Nomnally, P2
follows A2, and the split widens with inspiration. A
widely split S2 that still varies normally with respiration
may result from right bundle branch block (RBEB),
severe RV failure, or severe pulmonary hypertension.
Wide splitting that does not vary with respiration (fixed
splitting) is characteristic of an atrial septal defect
(ASD). Paradoxical splitting (splitting that narrows
with inspiration) is a feature of LBBE, patent ductus
arteriosus (PDA), and severe AS.

Murmurs

Murrnurs usually arise from biood flow across an abnor-
mal valve, bur can also be the result of increased blood
flow across a normal valve. The origin of a murmur can
often be inferred from its auditory character, its timing
within the cardiac cycle (see Table 4-2), and its area of
maximal intensity (see Figure 4-2). Various maneuvers
may be performed at the bedside to clarify the nature of
a particular murmur (see Table 4-3).

Murmur intensity can be graded on a scale of one
to six. A grade I murmur is barely audible, a grade 2
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Physical Examination of the Cardlovascular Sysigem

Abnormal Heart Sounds and Their Significance

Heart Sound Associated Disease State
Loud §, Mitral stenosis

Variable intensity S, Atrial fibrillation, AY dissociation
Loud A, Hypertension

Soft A, Aortic stenosis

Loud P, Pulmonary hypertension

Fixed split S, Axrial septal defect

Paradoxically split S,

Widely split S; with normal variation
S

S4

Early systolic ejection click

Mid-systolic click

Opening snap

Pericardial knock

Electrocardiogram

LBBB, severe AS, PDA
RBEB

Left ventricular dysfunction
Hypertension, AS, HCM

Bicuspid aortic valve, pulmonary stenosis,
Pulmonary hypertension

Mitral valve prolapse
Mitral stenosis

Constrictive pericarditis

8y By P

Timing of Heart Sounds

5y EC MSBC 08 83

AS: aortic stenosis; PDA: patent ductus arteriosus; LBEB: left bundle branch block; RBBB: right
bundle branch block; EC: ejection click; MSC: mid-systolic click; OS: opening snap; HCM:

hypertrophic cardiomyopathy.

murnur is easily audible, a grade 3 murmur is loud, and
grade 4 to grade 6 murmurs are all associated with pal-
pable precordial thrilis. Grade 4 murmur can be heard
only with the stethoscope firmiy on the chest, grade §
murmurs can be heard with just the edge of the stetho-
scope on the chest, and grade 6 murmurs can be heard
without the stethoscope.

Several general principles worth remembering
during cardiac auscultation are:

= Aortic events are best heard with the patient leaning
forward and at end expiration.

*  Mitral events are best heard in the left lateral posi-
tion, during expiration.
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Classification of Murmurs

N T e

TR S e T A
Category Graphic Representation Examples
Early-peaking systoiic a1 82 Benign flow murmur,

ejection murmur aortic sclerosis

Late-peaking systolic
ejection muemur

Aortic stenosis,
pulmonic stenosis,
hypertrophic
cardiomyopathy

Holosystolic murmur Mitral regurgitation,
tricuspid
regurgitation,
ventricular septal
defect

Mid-systolic murmur MsC Mitral valve prolapse
I——— with mitral
§%§1&K§*§§% - regurgitation

Decrescendo diastolic
murmur

Aortic insufficiency,
pufmoenic insufficiency

Diastolic rumble (with Mitral stenosis
pre-systolic

accentuation)

Continuous murmur
(“machinery” murmur)

Patent ductus
arteriosus, arterio-
venous fistulas

Pericardial friction rub Pericarditis

MSC: mid-systolic click; OS: opening snap.

*  With the exception of the pulmonary ejection click,  and vary significantly with respirations. Classically there
all right-sided events are louder with inspiration. are three components of a pericardial rub:

* Left-sided events are usually louder with expiration. ® an atrial systolic component

Pericardial friction rubs may be mistaken for systolicand @ ventricular systolic component
diastolic murmurs. They tend to have a scratchy quality  *  a ventricular diastolic component
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. S
Physu:al Examma.tlon of the Cardiovascular Systern

Differential Diagn sns f Systolic. Murmurs _ . . .
e L o R T e

deation Character Radiation Accentuating Attenuating Other Findings

Maneuvers Maneuvers
AS Right upper  Ejection Neck, Leg raising, post- Hand grip Paradoxically splic
SB systolic carorids Valsalva, post-PYC S, soft Ay S,
HOCM 34 Jeft Ejection Upper left  Sudden standing, Squatting, post- Mitral regurgitation
ICS systolic SB Valsalva Valsalva
MR Apex Holosystolic  Axilla Mand grip Inspiration. S
Valsalva
MVF with  Apex Late systolic  Varies Sudden standing, Supine posture, Mid-systalic click
MR Valsalva post-Yalsalva
VSD 34" eft Holosystolic  None Hand grip Valsalva §;
ICS
PS Left upper  Ejection Nore Inspiration, passive  Expiration, sudden  Ejection click
sB systolic leg raising standing
TR Left lower Holosystolic  None Inspiration, passive  Expiration Pulsatile liver
SB leg raising

AS: aortic stenosis; HOCM: hypertrophic obstructive cardiomyopathy; MR: mitral regurgitation; MVP: mitral valve prolapse;
VSD: ventricular septal defect; PS: pulmonary stenosis; TR: tricuspid regurgitation; SB: sternal border; ICS: Intercostal space.

Frequently, however, only one or two components are  *  diminished breath sounds and dullness to percussion
heard. at the lung bases---may represent pleural effusions

Several other physical findings are worth noting:

THE LUNGS *  Hepatomegaly, ascites, and peripheral edema may
""" reflect RV failure.

* A pulsatile liver is seen with tricuspid regurgitation.

Teis t,&sentyal 10 examine the lungs in every c'lrdlac pa-
tient, paying special attention vo the following features:
*  Central cyanosis is commonly associated with con-
* inspiratory crackles (rales)—indicate left heart genital heart disease, whereas peripheral cyanosis is
failure associated with diminished cardiac outpur.

* bronchospasm (wheezing)—may indicate peri- * Digital clubbing may be seen with congenital
bronchial edema (“cardiac asthma™) cyvanotic heart disease and endocarditis.
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Electro_cardiogram

The electrocardiogram (ECG) 15 a visual representation
of the electrical impulses generated by the heart with
each beat. Ever since Willem Einthoven developed the
ECG in the early 1900s, it has become an invaluable
tool in the diagnosis of a variety of cardiac conditions.
This section will present the fundamental electrophysi-
ology of the cardiac cycle and the components and
appearance of the normal ECG, and will briefly outline
criteria for sorne abmormal findings.

BASIC CARDIAC
ELECTROPHYSIOLOGY

The mechanical process of ventricular contraction
heging with an electrical impulse generated in a region
of the superior right atrium known as the sinoatrial (SA)
node (Figure 5-1). The sinus impulse quickly spreads
through the atria resulting in atrial contraction, and
then continues through the atioventricular (AV) node,
the His bundle, and the right and lefr bundle branches,
eventally reaching the ventricular myocardium where
it results in synchronized biventricular contraction. 1f
ventricular contraction results from impulses that orig-
inate in the SA node, then normal sinus rhythm is said
to be present. Abnormalities of this process result in
various arrhythmias (dysrhythmias).

THE LEAD SYSTEM

The elecmcal 1mpulses in the heart can be recorded by
means of elecrrodes strategically placed on the surface
of the body. The standard ECG has 12 leads: 6 limb
leads and 6 precordial or chest leads. The linb leads
(1, IT, I, aVR, aVL, aVF) record cardiac electrical
impulses in a vertical or frontal plane (Figure 5-2). The
precordial leads (V1-6) are placed over the left chest and
record electrical impulses in a horizontal plane.

The ECG is generated by simultanecusly record-
ing the electrical activity of the heart at each electrode
or pair of electrodes. Any net electrical impulse directed
toward the positive aspect of a lead is represented by
an upward deflection of the ECG tracing in that lead.
The magnitude of the deflection reflects the strength
of the electrical signal, which depends, in part, on the
mass of myocardium that i1s being depolarized, and,
in part, on the electrical impedance of interposed
tissue.

THE NORMAL ECG (Flg'ure 5-3)

Ex ery car dlac cycles electncal lmpulse i$ 1:1‘;Lr1bed on
the ECG as a waveform with the following components:
P wave, QRS complex and T" wave (Figure 5-4).

21



< not feor sale! > < He s MpopasM ! > < CKaK M EERIPD-KOBRERCHAT MYCRHL 5T $podT. py >

SA Node

Eeft Bundle Branch

Left Anterior
Fascicle

Bundle of His Left Posterior

Fascicle

Right Bundle Branch

Figure 5-1 The anatomy of the cardiac conduction system.

Left Axis
Deviation

Normal Axis
Right Axis
Devialion

Figure 5-2 Orientation of limb leads and axis. Positive pole of lead denoted by +.
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Figure 5-3 Normal {2-lead ECG. (See text for details.)

QRS
duration

PR ST
interval segment

ol

I‘—'I

QT interval —»

Figure 5-4 Normal electrocardiographic waveforms
and intervals.

The P Wave

The onset of the P wave heralds the onset of atrial depo-
larization. The normal electrical impulse travels from
the SA node and depolarizes the atria in a superior-to-
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The Electrocardiogram

inferior direction, resulting in a P wave on the ECG that
is upright (positive) in lead II and downward (negative)
in Jead aVR. An impulse arising from a site other than
the S5A node will depolarize the atria in a different direc-
tion and results n a different P wave morphology.
The normal P wave is <1 mV in amplitude in lead V1,
=2.5mV in amplitude in lead I, and <0.12 seconds in
duration in lead Il. Increases in these parameters oceur
with atrial enlargement.

The PR Interval

The PR interval is measured from the onset of the P
wave to the onset of the QRS complex and is a measure
of the time it takes for the sinus impulse to traverse the
atria, AV node, and His-Purkinje system before depo-
larizing the ventricles. The normal PR interval can vary
between 0.12--0.20 seconds; this variability is mainly the
result of autonomic tone. A prolonged PR segment
reflects slowing of the impulse through the conduction
system. An abnormally short PR segment may represent
aceelerated conduction through the AV node or a “short
areuit” between the atria and the ventricles (a bypass
tract).

The QRS Complex

The QRS complex is measured from the onset of the Q
or R wave to the end of the § wave. The mnitial .04
seconds of this complex represents depolarization of the
septwm, which occurs from left to right. This results in
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a small initial negative deflection (“septal q wave”) in
leads T and V6 because the impulse is directed away from
the positive poles of these leads. The remainder of the
QRS complex reflects depolarization of the right and
left ventricles. Because of its greater mass, the electrical
forces from the left ventricle predominate, resulting in
a QRS complex that is mainly positive in leads T and V6

< CkKaB WM BeXGRD-ROBREPCHA: MYCAHLR 5T $podT. py >

and negative in aVR and V1. Thus, the appearance of
the QRS complex in normal sinus rhythm is character-
ized hy:

+ initial “sepral @ waves” in leads T and V6

* predominantly positive QRS complex in leads T and
Ve

Diagnostic Criteria for Commeon ECG Abnormalities

R R B AR
Abnermality Diagnostic Criteria
Left atrial P wave duration in fead If 20.12sec OR

enlargement

Right atrial
enlargement

Left ventricular
hypertrophy

Right ventricular
hypertrophy

Left axis deviation
Right axis deviation

Pathologic Q wave
Peaked T wave

Left bundie branch
block

Right bundle branch
block

Left anterior fascicular
block

Left posterior
fascicular block

P wave inV, =l mV deep and >0.04 sec long

P wave in Vi >1.5mV in amplitude OR
P wave in Il >2.5mV in amplitude

S wave inV, - the R wave inV; or v, >35mv OR
S wave inV; + the R wave inV or vV, >45mv OR
R wave inV; >26mV OR

R wave in lead avL >! I mv OR

R wave in lead | >14mv

R/S ratio inV, >! OR

R wave in V| + the S wave inV; or v, 211 mv OR
R wave inV, >7mV OR

R/S ratio inVs orV, £ |

Axis ~30° to —~105°

Axis >+100

Duration >0.04sec AND
Amplitude >1/3 the height of the R wave

T wave amplitude >6mV in limb feads OR
T wave amplitude >10mV in precordial leads

QRS duration 20.12sec AND
Broad monophasic R wave in leads 1,V,,V,

QRS duration 20,12 sec AND
rsR pattern in V|, AND
Wide § wave in V., V,, and lead |

QRS axis —45° to ~90° AND

qR complex in leads |, avVL AND
rS complex in leads lil, aVF AND
QRS duration <0.10sec

QRS axis +100° to +180° AND
Deep S wave in lead |, Q wave in lead II} AND
QRS duration < 0.10sec
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e predominantly negative QRS complex in leads aVR
and V1 N

* incremental increase in the amplitude of R waves
from V2 to V5

The normal QRS duration (the total time for ven-
tricular depolarization) is less than 100 milliseconds.
Longer QRS durations suggest conduction block or
delay.

The ST Segment

The ST segment corresponds to the time during
which the ventricles have completely depolarized but
not yet begun to repolarize, During this time there is
no net electrical activity in the heart and the ECG
records a flat segment at the electrical baseline. This
segment becomes abnormal during myocardial ischemia
(ST segment depression) and infarction (8T segment
elevation).

The T Wave

The onset of the T wave denotes the onset of ventric-
ular repolarization. The 1" wave i most circumstances
follows the same direction (polarity) as the predominant
portion of the QRS complex, and, thus, is normally
upright in leads I and V6 and inverted in lead aVR.
However, the normal T wave can be either upright
or inverted in leads V1, aVL, and I Changes in T
wave morphology may reflect myocardial ischemia or
infarction, and can also occur as a result of metabolic
abnormalities.

QT Interval

The T interval is measured from the onset of the
QRS complex to the end of the T wave, The normal
duration of the QT interval depends on many fac-
tors, including a person’s age, gender, and heart rate.
Nonetheless, a QT interval greater than 0.46 seconds
or greater than 50% of the associated R wave to R wave
interval is abnormally long. A prolonged QT interval
may reflect a primary congenital abnormality of myo-
cardial repolarization or be secondary to medications
or metabolic abnormalities, and predisposes to malig-
nant ventricular arrhythmias.
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The Electrocardiogram

QRS Axis (Figure 5-2)

The electrical axis is the overall direction of the electri-
cal depolarization of the heart. If this direction is hori-
zontal and to the right, the axis is assigned a value of
zero. Axes directed more clockwise are assigned positive
values, whereas axes directed more counterclockwise are
assigned negative values. The axis can be estimated by
identifying the limb lead in which the QRS complex is
maost isoelectric (positive and negative deflections are of
equal size); the axis is perpendicular to this lead. Because
the ventricles depolarize predominantly from superior
to inferior and from xight to left, the QRS axis normally
falls between —30° and +90°.

ABNORMAL ECG PATTERNS

A variety of cardiac disorders are associated with spe-
cific patterns on ECG. Although it is beyond the scope
of this text to provide a comprehensive discussion of this
topic, the reader should be familiar with the ECG pat-
terns associated with some common abnormalities, as
outlined in Table 5-1.

1. The electrocardiogram is a visual representa-
tion of the electrical activity of the heart.

2. The normal electrocardiographic waveform
consists of a P wave, QRS complex, and T
wave representing atrial depolarization, ven-
tricular depolarization, and ventricular repo-
larization, respectively.

3. The P wave in sinus rhythm has a character-
istic appearance and is upright in lead II and
downward in lead aVR.

4. The QRS is normally a predominantly nega-
tive complex in lead V1 and transitions to a
predominanty positive complex by V4,

5. The normal electrical axis of the heart is —30°
to +90°,

6. Certain cardiac abnormalities are associated
with specific patterns on ECG.
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Stress testing is one of the most widely used tools
i cardiology. It provides diagnostic and prognostic
information in patients with suspected or known coro-
nary heart disease, and is a useful tool for assessing
the adequacy of therapy. Stress testing can also objec-
tively assess the functional capacity of a patient, and
help determine the nature of a patients functional
limitations,

INDICATIONS

CONTRAINDICATIONS

There are small but real risks associated with stress
testing, including myocardial infarction (MF), serious
arrhythmias, and death (approsimate rate of 1 in 2,500
tests). Most of these complications occur in patients
with certain high-risk markers; therefore, patients
should be carefully screened before undergoing exercise
testing to ensure that no contraindications exist (see
Table 6-1),

The most common (and, perhaps, most useful)
indication for stress testing is to determine whether
a patient’s symptoms relate to underlying coro-
nary artery disease. For patients in whom the diagnosis
of CAD is already certain, stress testing may be useful
to:

assess risk and determine long-term prognosis
ASSESs exXercise capacity
evaluate the efficacy of therapy

assist in therapeutic decision making (i.e., determine
who may benefit from cardiac catheterization and
revascularization)

detect exercise-related arrhythmias

localize a region of ischemia in order to target per-
cutaneous revascularization

TESTING MODALITIES

Stress testing can be performed in several ways (Table
6-2). The stress can be induced by exercise (either
walking on a treadmill or riding a bicycle) or by
pharmacological means with dobutamine or coronary
vasodilators, Treadmill exercise is the best-standardized
modality and allows for more flexible protocols, as speed
and incline can be varied independently. The Bruce pro-
tocol is the most commeonly used and consists of incre-
mental increases in the speed and slope of the treadmill
every three minutes. Bicycle testing may, however,
be better tolerated in patients who have orthopedic or
balance problems. The aim of the exercise is to increase
myocardial oxygen demand (MVO;,). In patients with
coronary artery disease (CADD), the increased MVO,
may exceed the ability of the coronary arteries to supply
oxygenated blood, resulting in ischemia.

26
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Absolute and Relative Contraindications to-
Exercise Stress Testing

Absolute:

Acute myocardial infarction (within

2 days)

- Unstable angina (until medically
stabilized)

- Acute myocarditis, pericardidis, or
endocarditis

- Uncontrolled hypertension (resting
SBP >200mmHg or DBP >120mmkg)

- Uncontrolled tachy- or
bradyarrhythmias

- Decompensated, symptomatic
congestive heart failure

- Severe or symptomatic aortic stenosis

- Acutefrecent deep venous thrombosis
or pulmonary embolism

- Acute aortic dissection

- Recent cerebrovascular accident

Relative: - Moderate valvular stenoses (unless

symptomatic)

- Hypertrophic obstructive
cardiomyopathy

- Suspected left main coronary artery
disease

- High grade AV block

- Acute iflness, such as active infection,
thyrotoxicosis, severe anemia

- Inability to exercise adequately

Stress Testing Modalities

Exercise ECG

Exercise echocardiography
Exercise with nuclear imaging
Bobutamine echocardiography
Dipyridamole with nuclear imaging

Adenosine with nuclear imaging
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Stress Testing

Dobutamine produces ar: increase in heart rate,
contractility, and blood pressure, thereby mimicking

“exercise and increasing MVO;. Dipyridamole or adeno-

sine cause coronary vasodilation preferentially in normal

“coronary arteries. This results in a fow mismarch with

blood flow in normal coronary arteries - increased
relative to diseased coronary arteries. Pharmacological
stress testing with these agents -yields - sensitivities
and specificities comparable to exercise stress testing,
Pharmacological stress is not without risk; dobutamine
can induce ventricular arrhythmias and precipitate
myocardial ischemia, while dipyridamole can cause
bronchospasm.

MONITORING MODALITIES

All patents who undergo stress testing are assessed for
symptoms and have continuous ECG monitoring to
identify ischemic changes (ST depression or elevation)
or arrhythmias. The sensitivity and specificity of stress
testing can be improved with the use of echacardio-
graphic or nuclear imaging to identify objectively areas
of myocardial ischemia.

The isotopes used in myocardial perfusion imaging
are thalliom-201 T and technetium-99m (**"1t)
sestamibi. Sestamibi is a newer agent thar has supetior
image quality, and allows for the assessment of left ven-
tricular function as well as ischemia. After intravenous
injection, these isotopes are taken up by viable myo-
cardial cells in quantities proportional to their regional
blood flow. Regions of the myocardium that are well
perfused appear brighter on nuclear imaging than
regions that are poorly perfused (because of CAD)
(Figure 6-1). When used during stress testing, nuclear
or echocardiographic imaging is performed at both rese
and at peak exercise.

CHOICE OF TESTING MODALITIES
(PHYSIOLOGICAL VS.
PHARMACOLOGICAL) N

In general, if a patient can exercise, an exercise test is
pretferred over a pharmacological stress test (see Figure
6-2) because it is a more physiological study. Pharma-
cological stress testing is esaployed when the patient is
unable to exercise adequately. With exercise or dobuta-
mine stress testing, the patient must atain at least 85%
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- C. Infarction

-_A: Normal - B. Ischemia

Stress

Anterior wakl

( Eateral wall

Inferior wall

Rest -

Figure 6—1 Nuclear imaging during stress testing. (a) Normal scan. Both rest and stress images demonstrate
homogeneous perfusion of the myocardium. (b) Ischemia. The stress image demonstrates a large inferior wall
perfusion defect that “fills in” in the rest images. (c) Infarction. Both rest and stress images demonstrate a large
inferior wall perfusion defect.

Stress testing for diagnostic
OF Prognostic purposes

'

Needed to assess myocardial viability
and/or o localize myocardial ischemia

Nol le;s

Uninterpretable ECG” Able to exercise
NO l ¢ YES YES l l NO
YES . . . ~
Able 1 Able 1o » Exercise testing Persantine/adenosine stress
€XErCise CXercise with echo or with nuclear imaging
nuclear imaging Or
YES NO NO Dobutamine stress with
i echo imaging
> Or
Dobutamine stress with
nuclear imaging

Exercise ECG

Figure 6-2 Selection of stress test modality. *Uninterpretable FCG includes left ventricular hypertrophy, left
bundle branch block, intraventricular conduction delays, paced ventricular rhythms, digitalis effect, resting ST-T
wave abnormalities,
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of his/her maximum predicted heart rate (maximum

predicted heart rate = 220 - age) in order to achieve .

a sufficient level of myocardial stress to precipitate
ischemia. When dipyridamole or adenosine is used as
the stress modality, it is presumed that maximum coro-
nary vasodilation occurs with the standard dose, and a
heart rate response is not required.

The level of physiological stress achieved can be
compared between different exercise protocols and
related to routine daily activities by reporting the
level of stress in terms of metabolic equivalents
(METE) (see Table 6-3). One MET equals the body’s
oxygen requirement at rest (~3.5mL Oy/min/kg body
weight).

CHOICE OF MONITORING
MODALITIES (ECG ALONEYVS,
IMAGING)

If a patient can exercise and has no significant ST
segment abnormalities on his/her resting ECG, then
ECG monitoring alone is usually adequate. In patients
with abnormal resting ECGs (left bundle branch block
[LLBBB], left ventricular hypertrophy, digoxin effect,
paced rhythms, persistent ST segment depression), the
ECG is not adequate to identify ischemia, and an addi-
tional imaging modality is necessary. When pharma-
cological stress testing is used, an imaging modality is
always necessary because of the low sensitivity of drug-
induced ST segment changes. The use of echocardio-
graphic or nuclear imaging improves the sensitivity and
specificity of the test in these settings. The decision as
to which imaging modality should be employed depends
on the expertise of the institution. The reported sensi-
tivities among the various modalities are similar (sce

Table 6-4).

INTERPRETATION OF EXERCISE
- ECGTESTING

ST segment depression is the most common electro-
cardiographic manifestation of ischemia. Other stress-
induced ECG findings suggestive of ischemia include
ST segment elevation, ventricular ectopy or arrhyth-
mias, QRS widening, and increased R wave amplitude.
Several different types of ST segment changes may be
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Activities of Daily Living (ADLs) and Their
Corresponding Metabolic Equivalent (MET?)
Level

METS Equivalent Worklood

| ADLs, e.g., eat, dress, use the toilet

34 Walk at 2.5mph pace, bowl, light household
chores

4-5 Push power lawn mower, play golf {wall, carry
clubs), mop floors, strip and make bed, walk
down a flight of stairs without stopping

5-6 Carry anything up a flight of stairs without
stopping, have sexual intercourse, garden, rake,
weed, walk at 4mph pace on level ground

7-10  Carry at least 241bs up a flight of stairs, shovel
snow, carry objects that are at least 80 1bs,
jog/iwallk at a 5mph pace

>10 Strenuous sports, e.g., swirnming, basketball,
skiing, singles tennis

18 Elite endurance athlete

20 World class athlete

*QOne MET = 3.5ml. Oy/mintkg.

seen, although horizontal or down-sloping ST depres-
sions are the most specific (see Tigure 6-3). Although
chest pain occurs only in approximately 1/3 of stress
tests, its presence increases the likelihood of underlying
coronary heart diseasc.

‘When echocardiography or nuclear imaging are per-
formed, ischemia is defmed as a region of myocardium
that appears normal at rest but abnormal with exercise.
Infarction is a region that appears abnormal at both rest
and exercise. Either of these findings is strong evidence
of CAD.

Certain findings during stress testing are markers for
adverse prognosis, These include:

* ST segment depression of 22mm or in 25 leads
* ST segment elevation
* angina pectoris

* ventricular eachycardia
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Comparison of the Diagnostic Value of Various Types of Stress
Tests

Type of Stress Test Sensitivity Spedificity PPV NPV
Exercise ECG 65-70% 80-84% 91% 4%
Bobutamine echo 78-85% 70-88% 92% 69%
MNuclear irnaging 80-90% 70-80% 85% 72%

*The reported values for exercise nuclear imaging incude the average of both
sestamibi and thallium studies. PPV positive predictive value; NPV: negative

predictive value.

______ TA AN A i I\
v b G - / . ] - L
| = b
] : | N
Normal Upsloping ST Horizontal ST Downsloping ST elevation
depression depression ST depiession

Figure 6-3 Patterns of ST segment changes during stress testing. Most physicians use the criteria of | mm ST
segment depression if the pattern is horizontal or downsloping, and 1.5 mm if upsloping. ST segment elevation

greater than I mm is a significant finding,

* exercise-induced hypotension (>20mmIlg drop in
systolic blood pressure [SBP])

* low exercise capacity (5 MET level)

The theory of conditional probability, or Bayes’ the-
ofer, is an integral component of the interpretation
of stress testing when it is used for diagnosing ischernic
heart disease. This theorem states that the post-test
probability of a particular disease depends upon the inci-
dence of the disease in the population being studied.
That is, an abnormal stress test in a person with a very
low likelihood of having CAD is probably a false posi-
tive test, and a negative test in a person with a very high
probability of having CAD is likely a false negative test.

‘Therefore, stress testing for the diagnosis of CAD is
most helpful in patients who have an intermediate prob-

ability of CAD.

STRESS TESTING IN WOMEN

Women under the age of 55 to 60 years often have
“false-positive ST depression,” ie, ST segment
depression in relation to exertion that is not due to
epicardial coronary artery disease. Consequently, other
exercise variables, such as exercise time and hypoten-
sion, must be considered when diagnosing coronary
heart disease in women. Given the lower prevalence of
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Stress Testing

ischemic heart disease in women as compared with men,
all modalities of stress testing are less accurate in this -

population. 1. Stress ‘testing useft for - diagnos-
' ing CAD and determining cardiovascular
prognosis.

CARDIOPULMONARY STRESS TESTING " 2. Stress testing can be accomplished with exer-

cise protocols or pharmacological agents. If a

Cardiopulmonary exercise testing (CPET) measures -~ patient can exercise, an exercise protocol is
respiratory gas exchange during treadmill or bicycle preferred.
exercise protocols. It uses these data to provide infor- = 3. During stress testing, ischemia can be identi-
mation regarding peak oxygen uptake, anaerobic thresh- . fied by monitoring the patient’s symptoms and
old, and minute ventilation. Indications for CPET ECG, or by echocardiographic or nuclear
include: j imaging.

4. If a patients ECG is abnormal at rest, then

objective assessment of functional capacity an imaging modality is necessary to identify

* determination of the appropriateness and timing of ischeria during stress.
cardiac transplantation - 5. 'T'he post-test probability of CAD depends, in
* determination whether a patients dyspnea or low part, on the pre-test probability of CAD in the
exercise capacity is the result of cardiac disease, pul- population being studied.

monary disease, deconditioning, or poor motivation
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Echocardiography refers to a group of tests that utilize
reflected ultrasonic waves (echoes) to generate images
of the heart and other related structures. Since its dis-
covery and application to medicine over 30 years ago, it
has become widely used and is an indispensable tool for
the assessment of cardiac structure and function.

PRINCIPLES AND TECHNIQUES

[ivo-dlmen51onal (2-D) echocardiography is thc
most common technique used clinically and produces 2-
D> images of the heart in multiple planes (see Figure
7-1). The images can be obtained by either transtho-
racic or transesophageal techniques. In transthoracic
echocardiography, the ultrasonic transducer is placed
on various locations (or “windows™) on the surface of
the chest to obtain different views or planes of the heart.
The probe emits an ultrasound beam that moves across
a sector so that a pie-shaped slice of the heart is inver-
rogated and images obrained. This technique allows
visualization of cardiac structures and measurement of
wall thickness and chamber sizes.

During the study, the heart is imaged continuously
throughout the cardiac cycle. By comparing images in
systole and diastole, the motion of various regions of the
heart can be assessed and overall systolic function (ejec-
tion fraction) can be estimated. Regions of the left ven-
tricle that do not contract well during systole provide
evidence of prior myocardial infarction or non-ischemic
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Echocardiography

injury. Transthoracic echocardiography is also an ef-
fective method by which to visualize the pericardium
and identify and assess the significance of pericardial
effusions,

Doppler echocardiography is often used in addi-
tion to 2-D) echocardiography to record blood flow
within the cardiovascular system. It utilizes the princi-
ple of the Doppler effect to determine the direction and
velodity of blood flow relative to the transducer. This
information can also be recorded in a spatially correct
format superimposed on a 2-D echocardiogram. Color
Doppler echocardiography takes such information
and vses various shades of red to depict blood moving
toward the transducer, and various shades of blue for
blood maving away from the transducer. Doppler tech-
niques are used to assess the presence and severity of
valvular stenosis or regurgitation, and to idenrify intra-
cardiac shunts. A summary of the uses and limitations
of transthoracic echocardiography can be found in Table
7-1.

Transesophageal echocardiography (TEE) uti-
lizes seandard echocardiography principles; however,
the transducer is placed at the end of a probe and
inserted into the patient’s esophagus. The distance from
the transducer to the heart is thereby minimized, allow-
ing for improved mmage resolution compared to trans-
thoracic echocardiography (see Figures 31-1, 46-1).
TEE is especially well suited for assessing valvular
anatomy and function, identifying valvular vegeta-
tions in patients with endocarditis, visvalizing aortic

32
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Figure 7-1 Two-dimensional images of the heart from various transducer positions. (a) Parasternal long axis
view. (b) Parasternal short axis view. (a) Apical 4-chamber view. RV: Right ventricle; LV: left ventricle; RA: right
atrium; LA: left atrium; Ao: aorta.

-

Uses and Limitations of Echocardiography

Uses - Assessment of: ' - Cardiomyopathies (hypertrophic,
- LV systolic and diastolic function dilated or infiltrative)
- LV segmental wall motion (e.g., - Pericardial disease (effusion,
post-MI) tamponade)
- RV systolic function - Cardiac tumors and thrombi
- Wall thickness (e.g., LV hypertrophy) - Aortic aneurysm
- Valvular disease (acquired or - Aortic dissection
congenital)
- Infective endocarditis Limitations - Poor transmission of ultrasound
- Congenital heart disease waves through bone or air (lung)
- Cardiac shunts (ASD,VSD, PDA) - Study quality is operator-dependent

LV: left ventricle; Ml myocardial infarction; ASD: atrial septal defect;VSD: ventricular septal defect; PDA: patent ductus
arteriosus.
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Advantages and Disadvintages of e

Transesophageal Echocardlography (TEE)

Advantages - lmage quality superior to
transthoracic echo
~ Better visualization of valves and
atria
= Particularly useful in assessing .
prosthetic valves, vegetations,
aortic disease, and intracardiac

masses

- Can be used during cardiac
surgery

Disadvantages - Invasive

- Requires conscious sedation

- Risk of aspiration

- Risk of trauma to teeth, pharynx,
and esophagus

atherosclerosis and aortic dissections, and identifying
potential cardiac sources of emboli in patients with
embolic neurological events. The advantages and disad-
vantages of TEE are listed in Table 7-2.

Other techniques and applications of echocardio-
graphy include:

* Intravascular ultrasound VUS): A miniaturized
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cular catheter allowing for imaging of atheroscle-
rotic plaques from withini an’ artery

Contrast echocardiography* Agitated salme or
‘microbubbles  are  injected  intravenously. - The

~bubbles are highly refractory under ultrasound and,

thus, opacify the cardiac chiambers, allowing better

~ ~definition of left and right ventricular wall motion,

identification of intracardiac shunts; and assessment
of myocardial perfusion.

Three-dimensional (3-D) - echocardmgraphy-
Allows visualization of cardiac structures in a 3-D
format. Current utility limited to congenital heart
disease, valvular abnormalities, and research.

1. Echocardiography utilizes u]traeomc ‘waves
and their reflected signals to génerate images
of the heart.

2. Echocardiography permits the -assessment of
cardiac structure, valvular function, ventricu-
lar systolic and diastolic function, and estima--
tion of left ventricular ejection fraction. Serial
images can be obtained over time, allowing for
the assessment of disease progression.

3. Transesophageal echocardiography provides
higher image resolution than transthoracic
echocardiography. TEE is well-suited for
imaging valvular structures and thoracic aortic
pathology, and for the identification of poren-
tial intracardiac sources of emboli. -

ultrasound transducer is placed on the tip of a vas-
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Cardiac

Catheterization

Cardiac catheterization involves the percuranecus
placement of catheters into the vasculature and cardiac
chambers. This allows for the measurement of intracar-
diac pressures, assessment of ventricular function, and
visualization of the coronary anatomy. This information
is an essential part of the assessment of a variety of
cardiac disorders.

TECHNIQUES

Access to the vasculature is most often obtained via the
femoral artery and vein, although the brachial or radial
arteries and the subclavian or internal jugular veins may
be used as well. A sheath with a one-way valve is placed
in the vessel, through which various catheters may
be advanced and positioned into the desired cardiac
chamber or vessel (see Figure 8-1). A full diagnostic
cardiac catheterization encompasses several techuniques,
including right heart catheterization, left heart catheter-
ization, assessment of oxygen saturation, measurement
of cardiac output, coronary anglography, and contrast
ventriculography. The specific techniques performed
during a particular procedure depend upon the infor-
mation required.

RIGHT HEART CATHETERIZATION
(RHC)

Hemodynamics

During RHC a balloon-tipped catheter is advanced
through the right-sided cardiac structures, allowing for
the direct measurement of pressure in the right atrium,
right ventricle, and pulmonary artery (see Figure 8-1b
and Figure 8-2). The catheter can then be advanced as
tar as possible in the pulmonary artery (the pulmonary
capillary wedpge position); pressure measured in this
position is an indirect measurement of the left atrial
pressure,

Oximetry

Blood samples can be drawn sequentially froin the
various right-sided cardiac chambers and vessels (venae
cavae to pulmonary artery). If a sudden increase in sat-
uration is noted, it identifies the location where oxy-
genated blood from the left side of the heart is entering
the right heart cireulation (Le., intracardiac shunting
through an atrial or ventricular septal defect or patent
ductus arteriosus). ‘The magnitude of the oxygen “step
up” can be used to quantify the size of the shunt.
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Catherer ——p»
Figure 8-1 (a) Coronary angiography. An intravascular catheter is advanced from the femoral artery, through

the aorta, and placed into the ostium of the left main coronary artery. Catheters can also be placed into the
ostium of the right coronary artery and across the aortic valve into the left ventricular chamber (LV). {(b) Right
heart catheterization. A balloon-tipped catheter is advanced through the inferior vena cava (IVC), into the right
atrium (RA), across the tricuspid valve (TV), into the right ventricle {RV), across the pulmonary valve (PV),

and is “wedged” into a branch of the pulmonary artery (PA). LAD: left anterior descending coronary artery;
LCx: left circumflex coronary artery; LMCA: left main coronary artery; RCA: right coronary artery,

SVC: superior vena cava.

Cardiac output (CO)

Cardiac output can be measured by injecting a known
volume of saline, at a known temperature, into the right
atrium and monitoring the temperature changes distally
in the pulmonary artery (thermodilution technique).
CO can also be assessed by measuring oxygen con-
sumption with a metabolic rate meter (Fick technique)
or by making assurmptions about a person’ oxygen con-
sumption (assumed Fick). Using these techniques, the
following formula applies:

cardiac output = O, consumption + AV Q, difference

The AV (O, difference equals the oxygen carrying capac-

ity of blood (13.6mL of Oy/g of hemoglobin/liter of
blood) x {serum hemoglobin concentration) x (arteri-
ovenous difference in percent O; saturation).

Syseemic vasenlar resistance (SVR) can be calenlared
from the cardiac cutput and arterial blood pressure
using the following formula:

SVR = [{mean arterial BP — RA pressure) +~ CQJ x 80

SVR is expressed in units of dynes-sec-cm™. Measure-
ment of the CO, SVR, and chamber pressures can be
very useful in delineating the cause of a patient’s hemo-
dynamic abnormalities and determining the appropriate
treatment (see Table §-1).
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Figure 8~2 Continuous pressure recording during right-heart catheterization,
Line |:An electrocardiogram (ECG) rhythm strip (similar to lead V).
Line 2: Demonstrates the rise in pressure from the right atrium (RA) to the right ventricle (RV)

(distinct RA wave forms not well seen).

Line 3: Demonstrates the change in pressure as the catheter is advanced from the RV to the pulmonary artery
(PA). Note the similar systolic pressure and the rise in diastolic pressure. Also note that the pressure rises during
diastole in the RV {white arrow) but falls during diastole in the PA (gray arrow).

Line 4: As the catheter is advanced from the PA to the pulmonary capillary wedge (PCW) position, the systolic
pressure falls and distinct a and v waves are seen. Note that the peak of the PA wave form occurs during the ST
segment on the ECG (line A); whereas the peak of the v wave in the PCW tracing occurs after the peak of the T
wave on the ECG (line B). This feature may help to distinguish the two pressure wave forms in patients with

large V ‘waves on the PCVV pressure tracing.

~ INDICATIONS FOR RIGHT HEART
CATHETERIZATION

R

i RS
nght heart catheterization may be pcrformt,d alone or
as part of a complete diagnostic cardiac catheterization.
The major indications for right heart catheterization
include:

* -assessment of filling pressures and cardiac output in
~patents -in heart failure, espedally when compli-
cated by hypotension or renal failure
= assessment of volume status and vascular resistance
in patients with sepsis

s evaluation of intracardiac shunts

evaluation of pericardial disease (tamponade, con-
striction, etc.)

* perioperative monitoring of patients with a high risk
of periprocedural heart failure

LEFT HEART CATHETERIZATION (LH

et R

Hemodynamm§ -

During LHC, a catheter is passed through the femoral
artery and advanced retrograde through the aorta,
across the aortic valve, and into the left ventricle (LV),
Left ventricular pressure can then be measured, as can
the pressure gradient across the aortic valve, thereby
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Characteristic Hemodynamic Profiles

Diagnosis Systeric RA PA PCW co SVR Treatrnent
BP Pressure Pressure
Normal 120/80 0-5 12-30/5-15 8-12  5L/min 800-1200
enmig mmHg mmkg mimkg dynes-sec-cm ™

Cardiogenic shock d T T T 4 T Vasopressors,
inotropes

Septic shock l l Nior J 1 T L Vasopressors, IV
fluids, antibiotics

Hypovolemia d l 1 1 ! T Volume
resuscitation

Pulmorary N T T NI NI Nt Pulmonary vaso-

hypertension/ difators, diuretics

Cor pulmonale

Pericardial 4 T T T 4 T Pericardiocentesis

tamponade™

*In pericardial tamponade, the RA, PA diastolic, and PCW pressures are not only elevated, but are equal.

RA: right atrium; PA: pulmonary artery; PCW: pulmonary capillary wedge; CO: cardiac output: SYR: systemic vascular
resistance; NE normal.

(b)

Figure 8-3 Normal coronary angiogram. (2} Normal right coronary artery (RCA) showing bifurcation into the
posterior descending artery (PDA) and the posterolateral artery (PLA). (b) Normal left main coronary artery
(LMCA} and its bifurcation into the left anterior descending (LAD) and left circumflex (LCx) arteries, The diago-
nal branches (Diag) arise from the LAD and the obtuse marginal (OM) branches arise from the LCx.



< not for sale! > < He ANA nporesxy ! >

allowing for the assessment of aortic stenosis (sce Figure
29.1). Simultaneous right and left heart catheterizadon
permits measurement of the gradient across the mirral
valve (MV), allowing for the assessment of mitral steno-
sis (MS) (see Figure 30-1).

Coronary angiography

Catheters can be directly placed into the coronary osta
(Figure 8-la), through which radio-opaque contrast
material is injected. The contrast fills the lumen of the
coronary arterics and their branches, allowing visualiza-
tion of the coronary anatomy and identification of
stenoses or occlusions (Figure 8-3 and Figure 15-3).

Ventriculography and aortography

The left venuricle can be visualized by injectdon of
contrast directly into the LV cavity. Contractility and
wall motion of the ventricle can be assessed and mitral
regurgitation can be quantified. Injection into the
ascending aorta may help to assess the severity of aortic
regurgitation, and may identify an aortic ancurysim or
dissection.

INDICATIONS FOR LHC

Left hcart Cathc,tcrmauon may bc pcrformcd for diag-
nostic or therapentic purposes. Indicatons for diag-
nostic LHC include the following:
* to define the coronary anatomy in patients with:
- acute ST elevation myocardial infarction (MI)
(with a view w0 immediate angioplasty)
- unstable angina or non-ST elevation MI with

high-risk markers (especially if elevated troponin
or concomitant heart faibure)

- postinfarction angina
- stable angina refractory to medical therapy or
with high-nisk stress test result
- cardiac arrest survivors
- recurrent chese pain for which noninvasive
testing is equivocal or nondiagnostic
* w measure hemodynamics and quandfy vabvular

abnormalities in patients with aortic or nitral valve
discase

* to assess left ventricular systolic functon

* to evaluate proximal aortic disease (dissection or
aneurystii)

< CRAH W JeXaPO-ROHBERCHA: MYCAHI sT dpodT. py >

Cardlac Catheterlzatlon

* to assess hemodynamics in patients with suspected
pericardial constriction or restriction

Therapeutic applications of cardiac catheterization
include:

s angioplasty and stent placement for the treatment of
coronary artery disease

* intra-aortic balloon pump placement for cardiogenic
shock and as a bridge to surgery in patients with
refractory ischernia or mechanical complications of
Ml

¢ balloon valvuloplasty for valvular stenosis

¢ percutancous closure of intracardiac shunts

COMPLICATIONS OF CARDIAC
CATHETERIZATION

The most frequent complication of cardiac cathetcﬁzaw
tion is bleeding; this requires wansfusion in ~1%
of patents. Major complications such as death,
MI, stroke, ventricular fibrillacion, anaphylactic re-
actions to contrast, and emergent need for coronary
artery bypass graft (CABG) are rare (<1% incidence).
Contrast nephropathy occurs in as many as 15% of

* patients and is much more common in diabetics and

patients with pre-existing renal insufficiency. Vascular
injury at the access site (arterial laceration, throm-
bosis, distal emnbolization, pseudoaneurysm, AV fistula,
hematoma, retroperitoneal hemorrhage), renal failure,
cholesterol embolization, non-life threatening allergic
reactions, infection at the access site, atrial arrhythmias,
and heart block are also well recognized complications.

CONTRAINDICATIONS TO CARDIAC
CATHETERIZATION

Relative contraindicarions to catheterization include:

* active infectious processes

* ongoing major organ bleeding

* recent (<] month) stroke

* worsening renal impairment

® severe aneinia

* severe electrolyte and/or acid-base disturbances
* severe active non-cardiac systemic illness

* severe uncontrolled psychiatric illness
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digitalis toxicity

severe systemic hypertension

1. Cardiac catheterization is a safe and effec-
tive tool for the diagnosis of cardiovascular
diseases.
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2.

Tmportant information -provided by cardiac-
catheterization includes right and left heart
pressures, oxygen saturadons, cardiac outpurt,
left ventricular function, and coronary artery
anatorny.

Cardiac catheterization is the gold seandard
for assessing the severity of valvular heare
disease, especially valvular stenosis.
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;Diagnostic

Modalities for
Arrhythmias

Several diagnostic modalides are available for use in
patients with known or suspected arthythmic disorders.
These include tilt table testing, ambularory ECG mon-
itoring, and electrophysiological study (EPS) with pro-
grammed stimulation.

TILT-TABL.E TESTING

I")urmg th:s test, 2 patient is strappcd onto 4 lcvel mblc
and then tilted to an upright position (usually 60° from
supine) for 15 to 30 minutes. The patient’s blood pres-
sure and heart rate are monitored and the padent is
assessed for symproms of presyncope or syncope.

Indications

"The main indication for tilt-table testing is to evaluate
patients with suspected neurocardiogenic (vasovagal)
syncope. Iy may also be useful in patients with recurrent
syncope of unclear cause.

Pathophysiology of the Response

Theoredeally, rapidly assomung the upright positon
results in a sudden decrease in venous return to the right
heart. This evokes a sudden increase in ventricular con-
tractlity and sdmulates ventricular mechanofibers (C-
fibers). A parasympathetic-mediated, paradoxical reflex
ensues (Bezold-Jarisch reflex) in which systemic vascu-
lar resistance and heart rate both precipitously drop
resulting in cerebral hypoperfusion and syncope.

Interpretation of the Test

Three abnormal responses may be seen:

heart

cardivinhibitory  response:  sudden block
and/or drop in heart rate without significant blood
pressure change

vasodepressor response: a dramatic reduction in
blood pressure with little change in the heart rate
(less common)

mixed response: a combination of the cardioinhi-
bitory and vasodepressor responses (most cormon
abnormal response)

The test is considered positive if it precipitates a synco-
pal episode or elicits presyncopal symptoms in the face
of a significant reduction in heart rate and/or blood
pressure (Figure 9-1). The sensitivity of this rest for the
detection of vasovagal syncope is approximately 70%.
Unfortunately, serial testing of an individual patient may
not elicit the same response, and 20-25% of patients
without a history of syncope will have an abnormal test.

AMBULATORY ECG MONITORING

An ambulatory ECG monitor (Holter monitor) is a
portable telemetric device that allows continuous ECG
recording in the outpatient setting. Patents usually
wear the device for 24 to 48 hours, during which they

41



< not for salef! > < He A npopasm ! o>
el

Blueprints in Cardiclogy

B0
rli] -y
6.
5010
a0

."%l')l
X
!(:l

Heart Rate
{bpmj

Systolic Blood Pressure
(g}

I [ I
1012 14 10

I
Tiroe (rinuies); 0

I B R
2 4 6 B

T Syncope

Figure 9-1 Abnormal response to tilt table testing,
Following initial tilt to 60°, the patient rapidly devel-
oped hypotension and bradycardia {mixed vasodepres-
sor and cardio-inhibitory response), and subsequently
lost consciousness. This resolved after lying the patient
supine.

perform their usual activities and record any symproms
that they experience. The device is interrogated for the
presence of arrhythinias, which can then be correlated
with the padents symptoms. Indications for Holter
monitoring include:

* to evaluate for an arrhythmic cause of unexplained
syncope, near syncope, or dizziness
* o evaluate for an arrhythmic cause of palpitations

* to assess a patient’s response to antiarrhythmic
therapy

Twenty-four hour monitoring may be helpful for
patients who have frequent symptoms; however, infre-
quent symptoms are unlikely to occur during the short
duration of recording. Loop monitors (or event moni-
tors) are similar to the 24-hour monitors but can be
worn for weeks or months at a dme and record a
person’s ECG when the device is activated. This device
may be useful for the cvaluation of infrequent symp-
toms. Devices are now available that are implanted
under the skin of the chest wall and can remain in place
for many months. These may be useful to evaluate very
infrequent symptoms.

< Ckal W EeKaRE-RCHEREPCHA: MYCAHL 5T &pOMT.

ELECTROPHYSIOLOGICAL STUDY (EPS)

Electrophysiological studies involve the introduction
of multiple catheter-based eclectrodes through the
femoral veins and into the right aoium and ventride.
These electrodes are then strategically positioned in

By >

superior vena cava

catheter i righl # rivrn

Lo Togation of He bundle

infarior voria tava

catheters placed
it Brart from
the nght tomenat vern

catheter in right ventricle

Figure 9-2 Intracardiac position of catheters for
electrophysiclogical studies. The catheters are posi-
tioned to affow measurement of electrical activity in
the right atrium (RA), right ventricle (RV), and the
bundle of His. lllustration by Shawn Girsherger Graphic
Design.

the heart and used to measuwre endocardial electrical
activity (Figure 9-2). Each segment of the cardiac
conduction system (from the sincatrial node to the
His-Purkinje fibers) can be systematically studied to
assess its ability to conduct electrical impulses normally.
Additionally, the atrial and  ventricular  myocar-
dium and the conduction systemm can be evaluated
to determine their ability to generate and maintain
tachyarrhythmias.

Indications

EP studies are primarily indicated in the evaluation of
certain tachyarrhythmias. They may also occasionally be
useful in assessing certain bradyarrhythmias. Specific
indicarions include the evaluation of:

* non-sustained ventricular tachycardia (V) in
patients with prior myocardial infarction (MI) and
left ventricular ejection fraction (LVEF) <35%

* sustained VT or cardiac arrest in the absence of a
precipitating cause (e.g., ischemia, hypokalemia)
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* supraventricular tachycardia (SVT) of uncernin
mechanism

* heart block of unclear etiology (especially 2**-degree
heart block, type 2)

* unexplained syncope in padents with decreased
LVEF

* possibly for risk-stratifying patients with sympro-~
matic hypertrophic cardiomyopathy

Once the EP catheters are in place, attempts are made
to induce the tachyarrhythmia by electrically stimulat-
ing certain areas of the heart (programmed electrical
stimulation). Once the arrhythimia is induced, its con-
duction sequence can be mapped. In cereain arrhyth-
mias, the electrical circuit by which the arrhythmia is
perpetuated can be interrupted with the use of radiofre-
quency (RE) energy. This energy is used to make a focal
burn in the endocardium overlying a parc of the abnor-
mal dreuit. This ablates the conductive tissue where
the energy was applied, therehy destroying the drout
and preventing recurrences of the arrhythnia (RF abla-
tion). Examples of arrhythrmas that are frequently
amenable o RE ablation include:

< CRAH ¥ PEXapn-KoHBeNCHMA: MYCARI s7 dponw. py >

Diagnastic odlities for Arrhythmi

* atrioventricular reentrant tachycardia (e.g., Wolff-
Parkinson~-White)

* AV nodal reentrant tachycardia
e atrial flutter

* certain forms of ventricular tachycardia

Padents who have inducible ventricular tachyarrhyth-
tnias during an EP study may be candidares for implan-
ration of a cardioverter-defibrillator.,

o " \ . .
e \%\\\ i - 2 A " RO
1. Tilt-table testing is indicated for the evalua-
tion of suspected neurocardiogenic syncope.

2. Twenty-four hour ambulatory EKG monitor-
ing may be helpful in identifying arrhythmias
that occur on a relatively frequent basis. Fyvent
monitors are useful in evaluating less frequent
arrhythimias.

3. EP testing may be used t dewermine the
mechanism of both tachy- and bradyarrhyth-
mias, and to Jocalize the source or pathway of
a tachyarrhythmia so that RF ablation can be
performed.
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Other Imaging

Modalities

Although the vast majority of cardiac imaging is
performed with echocardiography, nuclear perfusion
imaging, or coronary angiography, several other imag-
ing modalities are currently in clinical use or may be so
in the future.

CHEST RADIOGRAPHY
(see Flgure 1(]~«~1)

Chest radmgraphy provides an image of various cardiac
and vascular structures and remains an important tool
in the initial evaluation of patients with suspected heart
disease. In reviewing a chest x-ray (CXR) for evidence
of cardiovascular disease, attention should be focused on
the following:

* cardiac size (normally less than % the thoracdc
Y

diameter)

evidence of individual chamber enlargement (sce
Table 10-1)

the pulmonary vasculature (cephalization of pul-
monary vessels, Kerley B lines, pulmonary artery
enlargement; see Table 10-2)

aortic and mediastinal size

evidence of prior cardiothoracc surgery (ster-
notomy wires, surgical clips, prosthetic rings and/or
valves, pacemaker, implantable defibrillator)

calcification of the

pericardium

vasculature, valves, or

MULTIPLE GATED BLOOD POOL
IMAGING (MUGA)

MUGA, a form of radionuclide ventriculography
(RVG), is one of the most reliable methods of quantify-
ing ventricular systolic function. In performing a
MUGA, the patient’s blood is labeled with a radivactive
tracer and the radioactivity subsequently emiteed from
the heart is measured with a pamma camera. The quan-
tty of radiation emitted at any instant reflects the
amount of blood in the heart ac that poine in dime, By
“oating” the measurement of radioactivity to the
person’s ECG, systolic and diastolic radiation emmission
can be measured separately and compared; the differ-
ence reflects the amount of blood e¢jected from the heart
with each contraction (the ejection fraction). Both
right venuricular and left ventricular ¢jection fractions
can be accarately measured.

Advantages

* high degree of acenracy

* reproducible

» provides information about both right and left
ventricular function

* assesstnent of function not limited by body

habitus

easy 1o perform (requires less than 30 minutes)
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Figufé 10-1 Normal chest x-ray and location of cardiac struetures. (a) Posterior-anterior view. (b) Lateral
view. Aci aorta; LA: left atrium; LV: left ventricle; PA: pulmonary artery; RA; right atrium; RV: right ventricle.

Characteristic Radiographic Findings of Specific Cardiac Abnormalities

Cardiac Abnormality

Associated Radiographic Finding

Left atrial enlargement

Right atrial enlargement
Left ventricular hypertrophy
Left ventricular enlargement

Right ventricular enlargement

Straightening or lateral bulging of left heart border, widening of the carinal angle
to >75°

Bulging of right heart border
Rounding of left ventricular apex

Downward and lateral displacement of left ventricular apex, globular appearance,
loss of retrocardiac air space (on lateral view)

Loss of retrosternal air space (on lateral view)

Disadvantages

* radiation exposure

* provides essentially no information about valvular

structure and function

Clinical Utility

MUGA/RVG is frequently used when accurate, serial
measurernents of ventricular function are needed and
slight changes in ejection fraction are clinically signifi-
cant. Such situations include monitoring for cardiotox-

+ less accurate in padents with arrhythmias icity in patients receiving chemotherapy, and evaluation
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Abn‘oi-mél Radiographic Findings in Selected Céidioﬁéséu'lar'ﬂi.sbfdefs .

Cardiovascular Disorder Abnormal CXR Finding . Radiographic Appearance
Congestive heart failure Vascular cephalization Prominent vessels in Upper lung fields
Kertey B lines Horizontal, linear densities in the latéral lung
fields reflecting engorged lymphatic vessels
Blunting of the costo- Concave upward radic-opacity of the
phrenic angle (i.e., pleural costophrenic angle
effusion)
Pulmonary hypertension Pruning of the pulmonary Prominent central pulmonary arteries with
vasculature loss of peripheral pulmonary vascidature
Pericardial effusion with or “Water botte” heart Enlarged cardiac sithouette with broad
without tamponade inferior diameter
Constrictive pericarditis Pericardial calcification Thin, radic-opaque outline of the cardiac
sithouette
Aortic aneurysm/dissection Widened mediastinum Vvide mediastinal shadow
Congenital cardiac shunts Shunt vascularity Increased pulmonary vascular markings;
{ASD, VD) atrial enlargement

ASD: atrial septal defect; VSD: ventricular septal defect,

pre- and pose-cardiac trapsplantation to monitor for  functdon, contractility, infarct size, valvular functon,
acute allograft rejection. MUGA is also useful w deter-  and pericardial discase. In addidon, it can derect
mine IV and RV systolic function when technical limi-  and quantify coronary artery calcification, a surrogate
tations (e.g., extreme obesity, severe COPD) impair the  marker of coronary atherosclerosis (see Figure 10--2).
quality of the images obtained by other modalivies {¢.g.,

echocardiography). Advantages
s superb image resoludon
* not limited by patient’s body habirus
ELECTRON BEAM COMPUTED * rapid acquisition time
TOMOGRAPHY (EBCT) * rclatively inexpensive (~$475)

EBCT, formerly known as ultrafast or cine CT; pro-

vides high-resolution imaging of the heart that is gated Disadvantages
to the cardiac eyde. It differs from standard CT in that
the imaging source does not need to be rotated around o o
the patient, thus allowing for faster image acquisition. * movement during image acquisition can lead 1o
EBCT can provide both anatomic and functional artifact

data, including the assessment of ventricular volumes, * patient must breath hold for 20-50 seconds to
myocardial mass, ejection fraction, regional cardiac reduce motion artifact

* provides anatomical not physiological information
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Figure 10-2 Eiectron beam CT ina patient with severe coro.nary.artery disease and constrictive péficarditis.
There is dense calcification of the aortic root (AQ root), left main coronary artery (LMCA), descending thoracic
aorta {dAo), and the pericardium (P). A large right pleural effusion (RPE) is also noted.

* radiation exposure

* intravenous contrast {typically required for image
acquisition) may be nephrotoxic

*  25% of coromary seginents can’t be imaged owing to
respiratory modon artifact, excessive calcification, or
small vessel caliber

Clinical Utility

Currently, the main utility of cardiac EBCT is in the
evaluation of pericardial diseases and cardiac tumors. It
1s the test of choice for the visualizadon of the peri-
cardium in suspected constrictive pericarditis, and for
anatomical delineation  of invasive cardiac  tuimors.
EBCT may also play a role in the noninvasive assess-

ment of coronary artery disease (CAD). Coronary arte-
rial calcification is an early component of atherosclerotic
plaque formation, and its measurement may reflect total
atherosclerotic burden. EBCT can acourately detect and
quantify coronary calcium, and, as such, it can be used
as a screening test to identdfy CAD in asymptomatic
patients. A calaum score can be derived (range from 0
to >400); high scores (>400) have a strong correlation
with the presence of obstructive CAD (sensitivity:
80-100%), but have low specificity (40-60%). Nonethe-
less, the finding of coronary calcification in an asymp-
tomatic patient does not warrant any specific therapy
aside from risk factor modification, and controversy
exists regarding the appropriate use of this modality
in predicting dlinical outcome or guiding preventive
therapy.
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Figure 10-3 Cardiac MRI. IVS: interventricular septum; LV-lat: fateral wall of the left ventricle; RV: right ventri-
cle; RA: right atrium; TV: tricuspid valve. Image courtesy of R Tello, Dept of Radiclogy, Boston Medical Center,
Boston, Massachusetts.

infiltrative disorders of the myocardium, and myocar-
CARD!AC M.Rt dial wall thickness.

Cardiac magnetic resonance imaging (MRI) offers great
potential as a new modality for noninvasive cardiac
imaging (Figure 10--3); however, its application in clin-
jcal medicine has been limited by the complex natare of
the technology and its high cost, Tmages are obtainedin ~ *  absence of radiation exposure

the same way as routine MRI, and image acquisition is  » images can be obrained in any orientation or geo-
gated to the person’s ECG so that systole and diastole metric plane

can be disdnguished. Padents must be able o hold their
breath for 20-50 seconds to eliminate respiratory
motion during image acquisition. Cardiac MRI provides
a variety of anatomical and functional information  Disadvantages
including left and right ventricular ejection fraction,
myocardial mass, intracardiac volumes, regional wall
motion analysis, myocardial ischemia, myocardial via- ° costly

bility, coronary anatomy, valvular structure and func-  ®  sophisticated technology that requires additional,
tion, anatornical abnormalities, pericardial diseases, extensive training

Advantages

* superb image resolution, without interference from
lung, bone, or fat

= provides for assesstnent of almost every aspect of
cardiac anatomy and performance

*  pot available at all facilites
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Other Imaging Hodalities .

* requires gating of images to the ECG {may be

difficult in patients with atrial fibrillation) L e s
* cannot be used in patients with pacemakers, defib- | 1. Chest radiography remains a valuable tool in
rillators, or other metallic foreign bodies . the assessment of a variety of cardiac disorders.

It should be evaluated with regard to size
and morphology of the cardiac silhouette,
mediastinal size, presence of vascular calcifi-
cation, and evidence of pulmonary vascular
congestion.

* patients with claustrophobia may not be able to
tolerate the study

* motion during image acquisition can result in
artifacts

* patients must be able to hold their breath for 20-50 2. MUGA scanning provides an accurate and

seconds highly reproducible assessment of LV and RV
Clinical Utility function.
Currently, cardiac MRI is used predominantly for 3. Electron beam compured womography (CT) is
research purposes. In the future, it may become clini- the test of choice for visualizing pericardial
cally useful for the assessment of myocardial and valvu- thickening and invasive cardiac tumors. It may
lar function, delineation of coronary anatomy, detection also play a role as a screening test for CAD.
of myocardial ischemia, detection of post-infarction 4. Currently, cardiac MRI is mainly investiga-
complications {e.g., ventricular septal defects, left ven- tional; however, it may soon play a role in the
tricular aneurysms), assessment of myocardial viahility, : diagnostic evaluation of a variety of cardiac
and for the diagnosis of myocardial and pericardial disorders.

discases.
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Coronary Artery
Disease—

Pathophysiology

Coronary artery disease (CAD) is the leading cause of
death in the United States, accounting for one half of
the nearly one million deaths resulting from cardiovas-
cular disease each year. The term atherosclerosis is
derived from the Greek “athere” (gruel) and “sclerosis”
(hardening). Atherosclerosis of the coronary arteries is
the major cause of CAD; intracoronary thrombosis
(atherothrombosis)y also plays an important role, CAD
is a progressive degenerative process that begins in
childhood and manifests in middle to late adulthood as
acute coronary syndromes (i.e., unstable angina and
acute myocardial infarction [MI]) or chronic ischemic
heart disease (e.g., chronic stable angina, ischemic car-
diomyopathy). Epidemiological studies have identified
multiple risk factors for atherosclerosis and CADD; the
modification of these risk factors holds promise for the
prevention and treaument of this disease,

NORMAL CORONARY ANATOMY

The left main coronary artery is quite short and
bifurcates into the left anterior descending (LAD) and
the left circumflex (LCx) arteries. The LAD gives off
diagonal branches that supply blood to the anterior
aspect of the left ventricle, and the LCx artery gives off
obtuse marginal branches that supply blood to the
lateral aspect of the left ventricle. In 10% of people, the
LCx gives rise to both the posterior descending and pos-
terolateral arteries (left dominant circulation). In 5%
of people, the RCA gives rise to the posterior descend-
ing artery and the LCx gives rise to the posterolateral
arteries {codominant circulation).

Small collateral vessels interconnect the coronary
arteries. ‘These collaterals are non-functional in the
normal setting but provide an alternate route for blood
flow if the coronary artery becomes stenosed.

NORMAL CORONARY
ARTERY PHYSIOLOGY

The heart receives blood thlough thc left and mght
coronary arteries, which are the first branches of the
aorta {(Figure 11-1). The right coronary artery (RCA)
gives off acute marginal branches to the right ventricle,
and, in 85% of people, it also gives off branches to the
inferior aspect (posterior descending artery [PDA])
and posterior aspect (posterolateral branches) of the
left venwricle. This is referred to as right dominant
circulation.

T he coronary arteries are conductance vessels and offcr
very little resistance to coronary blood flow in their
normal state. They can, however, constrict or dilate in
response to vasoactive substances, thereby allowing the
heart to maintain a fairly constant level of coronary
blood flow despite changes in perfusion pressure. This
phenomenon is referred to as autoregulation and
allows coronary blood flow to increase in the face of
increased myocardial oxygen demand (e.g., exercise).

53



< pot for sale! > < He INA npopaxxw ! ox

Blueprints in Cardiclogy

Right coronary
artery (RCA)

Acute marginal
branch

< CRAK M DeXEBO-ROKRBERCHA: MYCAHLD 5T dponT. py >

Left main coronary artery

Left circumflex (LCx) artery

Obtuse marginal (OM} branch

Diagonal branch

Left anterior
descending (LLAD) artery

Posterior descending artery (PDA)

Figure | 1l Anatormy of the coronary arteries.

Maximal

Coranary Blood Flow Resting

»

T i

i 50 T o0 106

Coronary Stenosis (%)

Figure [1-2 Coronary flow reserve and alterations
in coronary blood flow in refation to the degree of
coronary artery stencsis present. “Maximal” refers to
the maximal coronary blood flow possible in response
to increased myocardial oxygen demand. The difference
between the maximal and resting flows is the coronary
flow reserve. Maximal coronary blood flow is signifi-
cantly reduced in the face of a stenosis of >70%.
Resting coronary blood flow is not significantly
affected until the stenosis is >90%.

"The difference between the resting coronary blood flow
and the maximal coronary blood flow is referred to as
the coronary flow reserve (Figare 11-2),

The normal arterial wall consists of the endothelinm,
the intima, the media, and the adventitia. The endothe-
lium plays an important role in autoregulation. Tt syn-
thesizes and releases powerful vasodilators such as
endothelium-derived relaxing factor (nitic oxide) and
prostacyclin in response to various stimuli, including
platelet-derived factors {acetylcholine, serotonin, and
adenosing 5'-diphosphate [ADP]), thrombin, and in-
creased shear stress (flow-mediated vasodilation).
The endotbelium is also intimately involved in the pre-
vention of intravascular thrombosis via its production of
antiplatelet (heparan, prostacyclin) and thrombolytic
(tissue plasminogen activator) factors. Thus, a normal,
intact endothelium is crucial in regulating coronary

vascular tone and maintaining adequate coronary
bload flow.



(a)
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PATHOGENESIS OF ATHEROSCLEROSIS

The initiating event of atherosclerosis is an injury to the
vascular endothelium; the subsequent response 1o this
injury leads to the development of atherosclerotic
lesions, The initial injury can be mechanical (shear
stress), biochemical (e.g., lipoproteins, tobacco), and
possibly infectious (e.g., viruses, Chiamydia). I'his injury
results in alterations in endothelial permeability,
increased adhesiveness of leukocytes to the endothe-
lium, and altered release of vasoactive and hemostatic
substances from endothelial cells. These changes, col-
lectively referred to as endothelial dysfunction, are the
earliest measurable changes of atherosclerosis and result
in a local prothrombotic state and impaired ability of the
endothelium to modify vascular tone.

Following the initial injury, circulating monocytes
adhere to the endothelial surface and migrate into the
vascular intima where they become macrophages. Low-
density lipoprotein (LDL) is transported through the
endothelial cells and ingested by the macrophages, thus
producing “foam cells.” Collections of these foam cells
produce the earliest visible lesion of atherosclerosis, a
yellowish deposit in the vascular wall known as a “fatty
streak.”

The activated macrophages produce and release toxic
substances (e.g., superoxide anion, oxidized LDL) that
result in endothelial denudation and subsequent platelet

Fibrous cap

Media

Lumen

A Lipid-Laden Plague
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Coronary Artery Disease—Pathophysiology

adhesion to the site of injury. Platelets and activated
macrophages also release various cytokines and growth
factors resulting in the migration and proliferation of T
cells, smooth muscle cells, and fibroblasts. This process
eventually creates a neointima with a fibrous cap over-

lying the lipid core.

THE ATHEROSCLEROTIC PLAQUE

Athuosclcrotlc plaques may he prulommant]y fibrotic
or may consist of a large lipid core with a thin fibrous
cap (Figure 11-3). Fibrotic plagues generally appear
daring early adulthood, are white in appearance and
may progressively protrude into and narrow the lumen
of the artery, resulting in decreased coronary blood flow.
In response, the vessel distal to the stenosis dilates in the
resting state to allow for normalization of resting blood
flow. This, however, decreases the vessels ability
augment flow in response to increased metabolic
demands {decreased coronary flow reserve). Once the
metabolic demands exceed the maximal coronary blood
flow, ischemia and angina develop. In general, a 70%
decrease in the diameter of the artery is enough to
limit blood flow in the face of increased demand {e.g.,
exercise) and produce exertional angina. A 90%
decrease in the arterial diameter may limit blood flow

Fitwous Cap

Lumen

(b)

A Predominantly Fibrous Plague

Figure 11-3 Morphology of atherosclerotic plaques. (a) Lipid-rich plaque. (b) Predominantly fibrous plaque

(see text for details).
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Figure 11-4 A vulnerable plaque with rupture of
the shoulder region and subsequent thrembosis of the
vascular Jumen.

Risk Factors for Atherosclerosis

Positive Risk
Factors

Major:
Hypertension
Hyperlipidernia
Smoking
Diabetes mellitus
Male gender
Advanced age
Family history of premature
atherosclerosis
Minor:
Obesity
Physical inactivity
Hyperhomocysteinemia
Efevated lipoprotein a (Lpa)
Elevated fibrinogen levels
Elevated plasminogen activator
inhibitor
Negative Risk Elevated HDL
Factors

and result in angina even in thf, restmg state (see Figure
11-2).

In largely lipid-laden piaques, the qccumuhtmg lipid
causes necrosts of the macrophages; resulting in the
release of digestive enzymes such as collagenase and
gelatinase (matrix metalloproteinases). ‘These enzymes
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weaken the fibrous cap ‘and a “vulnerable plaque”
formed. This type of plaque is prone to fissure or
rupture, especially at the edge (or “shoulder”) of the
lesion (Figure 11-4). Such plaque rupture exposes the
lipid core and vascular collagen to the circulating blood,
feading to platelet activation and aggregation. A throm-
bus is then formed at the site of plaque rupture, result-
ing in partial or complete occlusion of the coronary
artery and resulting in the clinical syndromes of unsta-
ble angina and acute myocardial infarction (refer to
Chapters 14 and 15).

RISK FACTORS

Many (,pldemlologcal studies have demonstrated an
association between CAD and certain risk factors, some
of which clearly play a causal role (e.g., hypertension,
hyperlipidemia, diabetes, smoking) (see Table 11-1).
High-density lipoprotein (FHIDL) is a negative risk
factor; higher levels of HDL cholesterol (>60 mg/dl) are
associated with a decreased risk of CAD. Some risk
factors (c.g., diabetes, hypercholesterolemia, smoking,
etc.) can be modified, whereas others (age, gender, and
family history) cannot. Modification of risk factors
decreases the future risk of CAD, stabilizes existing
CAD, and potentially stimulates regression of athero-
sclerotic plagues in patients with established disease.

1. Coronary artery dlsease is the leading cause of
death in the United States.

2. Coronary artery disease is caused by athero-
sclerosis of the coronary arteries and has both -
acute and chronic manifestations (refer to -
Chapters 14 and 15). _

3. Atherosclerosis is characterized by endothelial
injury, inflammation, lipid deposition, plague
formation, and thrombosis.

4. Risk factors for CAD can be identified and
maodified to reduce the risk of this disease.
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Dyslipidemnia refers to a group of disorders character-
ized by abnormal circulating levels of lipid or lipopro-
tein fractions. They are caused by genetic and/or
environmental conditions that alter the metabolism of
these lipoproteins.

NORMAL. LIPID AND
LIPOPROTEIN METABOLISM
- (see Ilgure 12 1)

AR

The ma)()r plasma hpoprotems are dlstmguﬁhcd by
their lipid content and density, and their constituent
proteins {Table 12-1). Chylomicrons {formed within
the intestine from dietary fat) and very-low-density
lipoproteins (VLDL) (produced in the liver) are both
rich in triglycerides (TG). They are metabolized t
chylomicron remnants and intermediate-density
lipoproteins (IDL), respectively, after acquiring
apolipoprotein C-1I (apo C-II) from high-density
lipoproteins (HDL) and then undergoing hydrolysis by
lipoprotein lipase (I.PL) in muscle and adipose tissue.
The liver clears chylomicron remnants, and IDL under-
goes further conversion to low-density lipoproteins
(LDL), which ean circulate for 3—-5 days. LDL accounts
for approximately 70% of the total plasma cholesterol
and is cleared mainly by the liver.

Lipoprotein (a) [Lp(a)] is secreted by the liver and
makes up less than 10% of the total plasma lipoprotein

Dyslip_id_emia

mass. LDL, together with Lp(a), has been shown to be
atherogenic, and elevated levels are associated with
increased risk of cardiovascular disease. DI is secreted
by both the liver and intestine; it readily accepts cho-

- lesterol from cells and other lipoproteins, and is believed

to be cardioprotective.

EPIDEMIOLOGY

Apprommanely 32% of American men and 27% of
American _wornen ..have ‘hypercholesterolemia - that
requires treatment. More than half of the coronary heart
disease in the United States is attributable to lipid
abnormalities, predominantly elevated LDIL choles-
terol. An individual’s cholesterol or LDL. is, on average,
mtermediate between that of his parents, reflecting
genetic influences.

ETIOLOGY

In the majority of people, elevated hpld levels result

from a combination of factors that include obesity,
inactivity, a diet high in fats and cholesterol, and genetic
predisposition. A minority of patients have dyslipi-
demia that results purely from genetic mutations in
the genes involved in lipid metabolism (primary dys-
lipidemias). The underlying metabolic defects and
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Figure 121 Normal metabolism of lipoproteins and sites of action of lipid fowering agents.
(Used with permission from:Aaronson P, et al. The Cardiovascular System at a Glance.
Oxford: Blackwelt Science, 1999: 70.)

Properties of 'Lipoprdteins

Lipoprotein Class Origin Major Surface Apoproteins Major Core Lipid
Chylomicrons Intestine B-48,C, E Dietary TG, cholesterol esters
ViDL Liver B-I00,C, E Hepatic TG

LDL VLDL catabolism B-100 Cholestercl esters

Lp (a) Liver B-100, (3) Cholesterol esters

HGL Liver, intestine A C Cholesterol esters

TG: trigyceride; VLEL: very low-density lipoprotein; LDL: low-density lipoprotein: HDL: high-density lipoproteir; Lp (a):
lipoprotein (a).

associated lipid profiles of these primary dyslipidemias A variety of conditions can produce elevated lipopro-
are outlined in "Table 12-2. Of these primary dyslipi- tein levels in the absence of an underlying genetic defect
demias, polygenic hypercholesterolemia is the most  (secondary hyperlipidemia). These conditions are out-
COMIMNON. lined in Table 12-3.
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Metabuolic Defect(s)

Ciass Lipid Profile Phenotypes
LV T chylomicrons (class I) Familial LPL deficiency Impairment/absence of |.PL
TVLDL (class V) Familial apo Cll deficiency Functional deficiency of LPL

Ha TLDL Familial hypercholesterolemia; LDL receptor defects
Familial defective apoB|00; ({ receptor number or |
Polygenic hypercholesterolemia affinity for LDL)

lib TvDL, T LDL Familial combined hyperlipidemia TVLDL secretion -+ LPL

defect
1] TvLDL T IDL Dysbetalipoproteinemia Defective apcE
v TvLDL Familial hypertriglyceridemia T VLDL production or | TG

metabolism

VLDL: very low-density lipoproteir: LDL: low-density lipoprotein; LPL: lipoprotein lipase.

Secondary Cauises of Hyperlipidemia

Secondary Causes of

Secondary Couses of

Hypercholesterolemia Hypertrigiyceridemia
High-fat diet Type Il diabetes mellitus
Obstructive liver disease  QObesity

Nephrotic syndrome Hypothyroidism
Hypothyroidism Alcohaol use

Medications Medications (beta-blockers,

(corticosteroids,
anabolic steroids,
progestins}

diuretics, estrogen)

 DETECTION OF DYSLIPIDEMIA

et

Every adult over the age of 20 years should have a com-
plete fasting lipid profile (total serum cholesterol,
HDI.-cholesterol [FIDL], and TGs) measured every 5
years. If TG levels are <400mg/dl., then LDL-
cholesterol (LDL,) can be calcnlated as follows:

LDI.¢ = Tota] cholestercl — (HDLc + TG/S)

CLINICAL MANIFESTATIONS

History

Most patients with hyperlipidemia are asymptomatic,
although patients with severe hypertriglyceridemia (TG
> 1,000mg/dl) may present with acute pancreatitis.
Patients should be thoroughly questioned regarding
symptoms of cardiovascular disease (angina, claudica-
tion, transient ischemic attack [TTA], cerebrovascular
accident [CVA]). Measurement of lipid levels should
be performed in concert with a search for other
major risk factors for coronary artery disease (CAD),
including:

* current cigarette sinoking

*  hypertension (BP > 140/90 mumHg, or on antihyper-
tensive medications)

* age (men 245 years, women =55 years)

» family history of premature CAD (in males <55
years or females <65 years), A strong family history
of dyslipidemia or cardiovascular disease suggests a
primary lipid disorder.

* TIDL: low HDL (<40mg/dl) is a risk factor for
CAD, whereas high HDL (>60mg/dl) is considered

protective and negates the effect of one other risk
factor.
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Corneal arcus (a gray ring around the cornea),
xanthelasmas (yellowish peri-orbital plaques), xan-
thomas (subcutaneous nodules on extensor tendons),
and hepatosplenomegaly are sometimes present in
patients with dyslipidemias. Manifestations of athero-
scleresis, including diminished peripheral pulses and
arterial bruits should be looked for in patients with, or
suspected of having, a dyslipidemia.

TREATMENT

Goals (see Table 12-4)

For the vast majority of hyperlipidemic patients, the
goal of therapy is reducing CAD risk by lowering
LI>1.. The National Cholesterol Education Program
(NCEP) has developed guidelines (Adult ‘Treatment
Panel 111, or ATP T} for wreating hyperlipidemia based
on a person’s absolute lipid levels, the presence of CAD
or CAD equivalents (other atherosclerotic disease,
including symptomatic carotid artery disease, peripheral
arterial disease, and abdominal aortic aneurysm; and

LDL Treatment Récommendations

T e

DL Level at

Goal LDL

Risk Profile
which to Initiate
Drug Therapy

Without CAD, fewer =190 <160

than 2 other risk

factors
Without CAD, 2 or more

risk factors =160 <I30
With CAD or CAD

equivalent® 2130 <100

*CAD equivalent refers to cother atherosclerotic disease or
diabetes mellitus.

# Physician should exercise clinical judgement in patients with
LDL of EGI-129 mg/dl. to determine if drug therapy should
be initiated.
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diabetes mellitus), and the presenée of other coexisting
cardiac risk factors (refer to the section on History). In
patients without CAD and with fewer than two other
cardiac risk factors, the goal of treatment is an LDL,
<160mg/dL; in patients with two or more risk factors,
the goal LDL, is <130mg/dL. Patients with known
CAD or CAD equivalents should have an LDL, of
<100mg/dL.

Hypertriglycerideria (TG 2150mg/dL) is usually
associated with, and responds wo wreatment of, elevated
LDL.. For persistently elevated "T'Gs, therapy should be
instituted to lower the non-HDL. cholesterol (total cho-
lesterol - HIDL,) to no greater than 30mg/dl. above the
respective L)L, goal.

Nonpharmacological Therapy

Primary treatment for hypercholesterolemia and hyper-
triglyceridemia involves dietary therapy, in concert with
weight loss and regular exercise. These measures are
collectively referred to as therapeutic lifestyle changes
(TLC) under ATP III. The TLC diet derives less than
7% of toral calories from sarurated fat and contains
<200mg/day of cholesterol. Intake of soluble fiber
(10-25 g/day) and plant stanols/sterols (2 g/day) should
also be considered as therapeutic options to enhance
LDL lowering. On average, dietary therapy lowets lipid
levels by about 10-20%. Secondary causes of dyslipi-
demia should also be corrected or treated.

Pharmacological Therapy (see Table 12-5)

Drug therapy for hypercholesterclemia should be con-
sidered when LDI.. level remains above the initation
level for drug therapy despite 3 to 6 months of maximal
dietary therapy. Pharmacological treatment may also be
considered as initial therapy in addition to diet in
patients with elevated lipid levels and known CAD, ath-
erosclerotic vascular disease, or diabetes. The preferred
first line agent for hypercholesterolemia is an HMG-
CoA reductase inhibitor, or “statin,” because of its effi-
cacy in reducing both LDL and cardiovascular events
(myocardial infarction [MI] or death). Second line
agents include niacin and bile acid sequestrants {e.g.,
cholestyramine). These agents may also be added to a
statin for refractory patients, in which case close moni-
toring for liver toxicity is required.
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Dyslipidemia

Drug Mechanism of Action Libid “Side Effects
Class Effects T
Bile-acid T Fecal bile acid excretion oL Constipation
sequestrants T LDL-receptor activity T HOL Abdominal bloating
TG | Absorption of other drugs
Nicotinie acid (niacin) 1 Plasma free fatty acids L1LDL Elevated LFTs
4 Hepatic VLDL T HDL Increased uric acid
synthesis Lire Gl upset, flushing and pruritis
HMG-CoA reductase { Cholesterol biosynthesis oL Elevated LFTs
inhibitors (statins) T LDL-receptor activity T HDL Myositis (T CK; rare)
l16 Mild Gl symptoms
Fibric-acid derivatives 1 Hepatic VLDL +— LDL Elevated LFTs
(fibrates) synthesis T HDL Cholelithiasis
T LPL activity TG Myositis (rare)
Diarrhea, nausea
Probucol Enhances scavenger 1oL Prolonged QT
pathway removal of LDL Ll HDL Ventricular arrhythmias (rare)
-TG Nausea, diarrhea

Flatulence

LFTs: liver function tests; CK: creatine kinase.

Drug therapy for hypertriglyceridemia is recom-
mended if TG levels remain high 200mg/dL) for
any patient, or borderline high (150-199mg/dL) for
patients with CAD risk factors despite an adequate
trial of lifestyle modification. A statin is usually suf-
ficient therapy in patients with borderline elevations
of 'TG; niacin or a fibric-acid derivative {fibrate) may
be necessary for patients with higher TG levels.
Patients should be monitored closely when statins
and fibrates are used in combination, as this regimen
is associated with a higher risk of myosits and
rhabdomyolysis.

A fasting lipid profile should be obtained 1 to 3
months after starting or changing lipid therapy. If goal
lipid levels are not achieved, more aggressive lifestyle
modifications or pharmacological therapy should be
employed. Liver function tests and serum creatine
kinase (CK) level should also be checked several months
after initiation of pharmacological therapy to assess for
occult toxicity.

“The major serum lipids are LDL, HDL, -and

i \%‘%\\%\\H\
triglycerides.
Dyslipidemias usually result from the com-
bined effects of diet, inactivity, obesity, and
genetic factors.

. Elevated T.DI. cholesterol, and to a lesser

extent elevated triglycerides, is associated with
increased risk of CAD and cardiovascular
events.

Low HDL (<40mg/dL} is a risk factor for
CAD, whereas increased HDL (60 mg/dL) is
protective,

‘The trearment of dyslipidemias is based on the
absolute level of lipids, the presence of other
CAD risk factors, and the presence of established
cardiovascnlar disease or diabetes mellitus.
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Chronic Stable

Angina

Angina is the clinical manifestation of myocardial
ischemia. It is overwhelmingly the result of a limitation
in coronary blood flow induced by atherosclerctic
narrowing of the coronary arteries. Angina thar is long-
standing and reproduced by a predictable amount of
exertion is referred to as chronic stable angina.

PATHOPHYSIO LOGY

Normal coronary arteries mediate clmnges in coronary
blood flow in response to changes in myocardial oxygen
demand (MV(),). When the demands of the heart
mcrease (such as during exercise), the coronary arteries
dilate to allow increased blood flow to meet these
demands (see Figure 11-2}. This system of autoregula-
tion occurs at the level of the arterioles, requires an
intact vascular endothelivm, and is mediated by byprod-
ucts of metabolism including adenosine, acidosis, low
oxygen tenston, and high levels of carbon dioxide.
When a coronary artery becomes narrowed by greater
than 70%, its blood flow is decreased by approximately
90%. In this setting, maximal coronary vasodilation
occurs and allows for enough blood flow to meet the
metabolic demands of the resting heart. However,
during periods of increased myocardial demand (e.g.,
exercise), the artery is unable to dilate further, resulting
in iadequate coronary blood flow and ischemia.
Higher grade stenoses (>90% reduction in diameter)
may cause ischemia in the resting state. The narrowing

of coronary arteries is overwhelmingly the result of
atherosclerosis, the pathogenesis of which is described
in Chapter 11.

CLINICAL MANIFESTATIONS

Hlstory

The term angina pectoris (sec also Chapter 1) is used
to describe a discomfort in the chest or adjacent areas
caused by myocardial ischemia without myocardial
necrosis. In chronic stable angina, the discomfort is
usually precipitated by physical or emotional stress. It
is frequently not painful, but, rather, is described as
“pressure-like” or “squeezing.” Tt is usually retrosternal
in location but can radiate to the neck and the arms, and
can be associated with dyspnea, diaphoresis, nausea, or
vomiting.

Typical angina begins gradually and reaches maximal
mtensity over a few minutes, then gradually subsides
with rest or after the administration of nitroglycerin.
The resolution of the discomfort with nitroglycerin can
be a helpful diagnostic feature of angina; however, it is
a relatively nonspecific response — esophageal pain and
other syndromes may also be alleviated by nitroglycerin.
Characteristics that are not suggestive of angina include
feeting chest pain, discomfort that is brought on or
worsened by breathing or arm movement, or discom-
fort that is reproducible by palpation on examination.
Ldentification of risk factors for atherosclerosis is crucial
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in the assessment and treavment of patients with chronic
stable angina (see Table 11-1}. .

Physical Examination

The physical examination of patients with coronary
artery disease (CAD) and chronic stable angina often is
entirely normal. However, evidence of hypertension
(elevated blood pressure, retinal changes), hyperlipi-
demia (xanthomas, xanthalasma}, and vascular disease
{(diminished pulses, vascular bruits) should raise the sus-
picion of underlying CAD. Examination of the heart is
often normal, but in patients with prior myocardial
infarction (M), signs of left ventricular dysfunction
(dyskinetic apical impulse, third heart sound, elevated
jugular venous pressure, or pulmonary edema) may be
present. A transient murmur of mitral regurgitation may
be heard during an episode of angina and results from
ischemic papillary muscle dysfunction.

DIFFERENTIAL DIAGNOSIS

A w1de vanery of chsm ders can mimic angmal chest pain
and are outlined in Chapter 1.

DIAGNOSTIC TESTING

G

The diagnosis of angma (and thus of CAD) can often be
made by history alone. Further objective testing may be
confirmatory, or may be necessary to clarify the diag-
nosis when the cause of the patient’s symptoins is not
clear. In approximately 50% of patients with chronic
stable angina the restng elecrrocardiogram is normal or
demonstrates nonspecific ST-T changes. (Q waves, con-
duction abnormalities, or premature ventricular com-
plexes may be present in patients with a prior ML
Stress testing is frequently used to establish the diag-
nosis and estimate prognosis of patients with chronic
stable angina (see Chapter 6} Exercise-induced ST
segment depression is the hallmark of exertional
ischemia. Features on stress testing that reflect a poorer
ptognosis in patients with chronic stable angina include:

* g greater magnitude of ST depression (>2 mm)

s ischemic changes occwrring in multiple (>5) ECG
leads

* ischemia occurring at a low level of stress

*  exercise-induced hyporension
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Chronic Stable Angina

Echocardiography (see Chapter 7) can also be used to
identify evidence of a prior MI and assess left ventricle
(LV} function in these patients. A definitive diagnosis of
CAD can be made by performing coronary angiogra-
phy. This procedure allows precise determination of the
number and severity of coronary stenoses, which can be
used to estimate prognosis and to guide therapy.

MANAGEMENT’

General Approach

There are several key aspects of the management of
chronic stable angina, which are often considered and
applied simultaneously.

1. Symptomatic relief of angina can be achieved by
either decreasing MVO, (with medications) or
increasing  myocardial  oxygen  supply/coronary
blood flow (with medications or with percutaneous
or surgical revascularization).

2. Any concomitant disorders such as anemia, fever,
tachycardia, thyrotoxicosis, congestive heart failure
(CHF), and infections, increase the metabolic
demands on the heart and should be identified and
treated.

3. Aggressive risk factor modification (including cho-
lesterol lowering, hypertension control, treatment
of diabetes mellitus, smoking cessation, weight loss,
dietary changes, and regular exercise} should be
undertaken to lower the subsequent risk of future
adverse cardiac events (Table 13-1).

Pharmacological Therapy (Table 13-2)

Several different classes of medications are uvseful as
anti-anginal therapy, including nitrates, beta-blockers,
calcium-channel blockers and antiplatelet therapy.
Nitrates are potent vasodilators that reduce both
preload and afterload, thus reducing MVO,. They also
dilate the coronary vasculature to some extent, thereby
improving supply. Nitrates can be used either to treat
symptoms or as chronic prophylactic therapy; however,
it 1s important to have a nitrate-free pertod when using
long-acting nitrates to prevent the development of
tolerance.

Beta-blockers and calcium-channel blockers both
reduce MV, by decreasing heart rate, blood pressure,
and contractility, and are effective in relieving symptoms
of angina and Improving exercise tolerance. Beta-
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Risk Factor

Godl of Modification

Modifiable Risk
Factors

Hypertension
Diabetes mellitus
High LDL,

Low HDL,
Cigarette smoking
Physical inactivity
Obesity

Nonmodifiable Risk
Factors

Male gender

CAD

SBP < 135, DBP < 85
FBS < 120, HAlc < 8

LD < 160 if no other risk factors
LDL < 130 if 1-2 risk factors
LDL < 100 if known CAD or diabetes

HDL > 35

Total cessation

30 minutes of exercise 23x/week
<120% ideal body weight

Family history of premature —

FSB: fasting blood sugar; HAEc: hemoglobin Alc; SBP: systolic blood pessure; DBP: diastolic blood pressure; LDLe: low-density
lipoprotein cholesterol.

Afterioad

Effect of Anti;anglnal Agenfé on Determinants of Myocardial Oxygen Supply and Demand

MVO,

Preload Contractility Supply
Nitrates A i} — — l T
Beta-blockers — 1 N d (R -
Calcium blockers — N} l { R T

HR; heart rate; MVO,: myocardial oxygen demand.

blockers are the agents of choice for the treatment of
patients who have had a prior MI or have known IV
dysfunction (refer to Chapters 14, 15, and 19) and
produce a significant mortality benefit in these settings.
Aspirin  inhibits platelet aggregation and prevents
thrombosis at the site of a coronary stenosis, an effect
that is essential in the treatment of all forms of coronary
artery disease. All patients with symptoms of CAD
should, therefore, be placed on daily aspirin therapy.
Patients who are intolerant of aspirin may be treated
with other antiplatelet agents such as clopidogrel.

Revascularization Therapies

When angina persists despite optimal medical manage-
ment, or when patients with “high-risk” stress tests are
identified, cardiac catheterization should be recom-
mended to define the coronary anatomy and determine
the feastbility of coronary revascularization. Revascular-
ization may be performed by either percutaneous trans-
luminal coronary angioplasty (PTCA), with or without
coromary stenting, or coronary artery bypass grafting
(CABG) (see Table 13-3).
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T s R
Chronic Stable Angina

PTCA

CABG

Advantages Less invasive;
Shorter hospital stay;
Lower initial cost;

Easily repeated
Disadvantages

No clear mortality benefit;
Need for repeat procedures

Less complete revascularization;

Improves survival;
More complete revascularization;
Improved outcome in diabetic patients

Higher initial morbidity and mortality;
Higher initial cost

PTCA: percutaneous transluminal coronary angioplasty; CABG: coronary artery bypass grafe.

PTCA has been shown to be more effective than
medical therapy in relieving symptoms of angina, but
without a clear mortality benefit. CABG can provide
complete revascularization, is effective for angina
control, and has been shown to be superior to both
medical therapy and PTCA in terms of mortality in
high-risk patients. Padents in whom bypass surgery is
of particular benefit include those with left main CAD,
and those who have IV dysfunction and either three-
vessel CAD or two-vessel CAD with involvement of the
proximal left anterior descending coronary artery. This
is especially true for diabetic patients.

PRINZMETAL'S VARIANT ANGINA

In 1959, Prinzmetal described a syndrome of anginal
chest pain that occurs almost always at rest, and is asso-
ciated with ST-segment elevation on the ECG. Tt may
be associated with acute MI, ventricular arrhythmias, or

sudden death.

Etiology

Variant angina is caused by coronary artery spasin
leading to complete occlusion of the vessel. This tends
to occur in areas adjacent to atheromatous plaques, but
can also occur in normal arterial segments (pure coro-
nary vasospasin). Cigarette smoking is an important risk
factor for variant angina. Cocaine use can precipitate

coronary vasospasm even in individuals without a prior
history of this syndrome.

Clinical Manifestations

Patients with variant angina tend to be younger than
patients with chronic stable angina, and the chest pain
with which they present tends to occur at rest rather
than with exertdon. In contrast to the ST segment
depression associated with classic angina, the ECG
during episodes of variant angina demonstrates ST-
segment elevation. The diagnostic hallmark of variant
angina is the finding of spasm of a proximal coronary
artery with resultant ischemia during coronary arteri-
ography. Intracoronary infusion of ergonovine or
acetylcholine can be used to induce coronary vasospasm
in patients with suspected variant angina.

Management

Coronary vasospasm responds very promptly and com-
pletely to nitrates. Short-acting nitrates are useful in
abolishing acute attacks, while long-acting nitrates can
prevent recurrent episodes. Calcium-channel blockers,
especially nifedipine, are also very effective. Beta-
blockers have a variable effect and may be detrimental
owing to the resulting unopposed alpha-adrenergic
vasoconstriction. Overall long-term prognosis is good
unless there is co-existing CAD, MI, or significant
arrhythmias.
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Chronic stable angina is caused by obstructive,
fow-limiting, atherosclerotic stenoses within
the epicardial coronary arteries.

Chronic stable angina is characterized by exer-
tional chest pain that is relieved with rest or
after the administration of nitroglycerin.

Exercise stress testing is helpful in clarifying
the diagnosis and prognosis of patients with
suspected angina; cardiac  catheterization
remains the gold standard for diagnosing CAD.

Aspirin, risk factor reduction, and anti-anginal
medications are the mainstays of medical
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~therapy; ~percutaneous  or surgical ‘Tevas.

cularization is indicated for patients with
refractory angina or high-risk non-invasive
test results,

Prinzmetal’s angina is the result of coronary
artery spasm, usually at the site of an athero-
sclerotic plaque. Tt is associated with ST
segment elevation on ECG and responds to
nitrates or calcium-channel blockers.

Beta-blockers are relatively contraindicated in
the treatment of vasospastic angina owing to
their potential to induce unopposed alpha-
adrenergic vasoconstriction,
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_.-Unstable Angina and

Non-ST Elevation
Myocardial Infarction

Acute coronary syndromes (ACS} is a term that refers
to unstable angina (UA), non ST-elevation myocardial
infarction (NSTEMLI; previously referred to as non-(}-
wave MD), and ST-elevation MI (STEME previously
referred to as Q-wave MI). The first two of these syn-
dromes (UA and NSTEMI) will be discussed in this
chapter and STEMI will be discussed in the next.

EPIDEMIOLOGY

.[n the Umted f)tates alone, there are nearly 1. 5 mllhon
hospital admissions for UA and NSTEMI each year.
Additionally, NSTEMI accounts for 30-40% of all Mis.

Etiology (see also Chapter 11)

Slowly progressive, high-grade coronary stenoses can
cause angina and may progress to complete oeclusion;
however, they rarely precipitate ACS because of the
development of collateral circulation. Rather, most ACS
result from rupture of lipid-laden atherosclerotic plaque
with subsequent intravascifar thrombosis (see Figure
11-4). If the thrombus is flow-limiting but not occlu-
sive, or is only transiently occlusive, UA or NSTEMI
results. In addition to atherosclerosis, several other dis-
orders may result in myocardial ischemia and infarction.
These include:

coronary vasospasin (of normal coronary arteries or
at the site of an atherosclerotic plague)

severe hypertension

disorders that increase myocardial oxygen demand
(MVQO,) (e.g., hyperthyroidism, pheochromocy-
tomna, sepsis) or decrease oxygen delivery (anemia)

CLINICAL MANIFESTATIONS

History

Unstable angina encompasses a broad range of anginal
presentations that include:

* crescendo angina superimposed on chronic stable

angina
new onset angina (within 2 months) brought on by
minimal exertion

¢ rest angina of >20 minutes in duration

¢  post-MI angina {occurring >24 hours after MI)

An NSTEMI presents with features similar to UA
except thar the anginal symptoms tend to be more
severe and prolonged. Congestive heart failure (CHF)
may accompany UA or NSTEMI if severe ischemia or

67
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underlying left ventricle (LV) dysfunction is present.

Tschemic-induced arthythimias (sinus tachycardia, pre- -

mature ventricular complexes [FVCs], non-sustained
ventricular tachycardia [VT]) may also occur (see
Chapter 16).

Physical Examination

Physical examination during an ACS may demonstrate:
*  tachycardia

*  hypertension

*  transient S; or 84

* transient or increased murmur of mitral regurgita-
ton {papillary muscle ischemia)
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-whereas they persist or evolve following an NSTEML

- Catdiac enzymes {creatine kinase-MB isoenzyme
[CK-MB} and troponins) are highly sensitive and spe-
cific markers of myocardial necrosis; and -distinpuish
NSTEMI (clevated enzymes) from UA (normal enzyme
levels). Serial measurements {on admission and every 8
hours for 24 hours) of CK-MB are usually performed to
differentiate between UA and NSTEMI, and to esti-
mate infarct size. Serim CK levels begin to normalize
after 24-48 hours whereas troponin levels remain ele-
vated for 7-10 days; the latrer provides a useful test for
diagnosing MI several days after the event (see Figure
14-2).

DIAGNOSIS

DIFFERENTIAL DIAGNOSIS

"The diagnosis of UA is primarily based on clinical symp-
toms and confirmed by ancillary tests. The electrocar-
diogram (ECG) obtained during chest pain typically
demonstrates ST segment depression or symmetric T
wave inversions (Figure 14-1); however, it may be
normal in approximately 5% of patients. These ECG
changes are often labile during UA (present during

The complete differential diagnosis of chest pain is
reviewed in Chapter I. The most important diagnoses
to consider inchude:

* pulmonary emholism

¢ aortic dissection

¢ pneumothorax

Figure 14-1 ECG During UA/NSTEMI with ST Segment depression.
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Unstable Angina and Non-ST Elevation ydial Infarction

* preumonia

* pericarditis

* gasrrointestinal disorders {gastwoesophageal reflux
disease, cholelithiasis, pancreatitis)

PROGNOSIS

ECG findings, and serum markers of myocardial necro-
sis all atfect the risk of M or death: in patients with UA
and NSTEMI. Factors that identify a patient as being
at high risk are summarized in Table 14-1. The pres-
ence of one or more of these factors suggests the need
for more aggressive therapy.

Unstable angina progresses to MI in about 10% of cases
and to death in about §%. The presenting symptoms,
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Figure 14-2 Serum markers of myocardial injury.
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Risk Categories of Patients with Unstable Angina -

TREATMENT

The primary goals of treatment are to control symptoms
and preserve myocardial function. These goals are
accomplished by:

* administration of analgesia

¢ reduction of myocardial oxygen demand

* improvement in coronary blood flow

* prevention of intracoronary thrombosis

Additionally, long-term prevention of recurrent
ischemic cvents through risk factor modification is
essential.

Liberal use of anxiolytics (benzodiazepines) and anal-
gesia (morphine) helps to relieve pain and anxiety, thus

R

High Risk

Intermediate Risk

Low Risk

At least one of the following
features must be present:

- Prolonged (>20mmin)
ongoing rest pain

Pulmonary edema

Rest angina with dynamic >} mm
ST changes

Angina with new MR murmur

Angina with 33 or rales

Angina with hypotension

Positive cardiac troponin®

No high-risk feature but must
have any of the following:

Resclved prolonged rest pain

Rest angina (>20min) relieved
with SL NTG

Angina with dynamic T wave
changes

New-onset Class lll to IV angina
within past 2 weeks

Nocturnal angina

Q waves or resting ST depression

<| mm in multiple leads
Age >65 years

No high or intermediate risk
features but any of the following:

Increased angina frequency,
severity, or duration

Angina provoked at lower than
usual threshold

Normal or unchanged ECG

New onset angina within past 2
months

Risk refers to the risk of progression of M| or death.

*May be classified as NSTEMI,
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decreasing heart rate and blood pressure and reducing
MVQ,.

Antiplateler therapy should be initiated as soon as the
diagnosis of UA or NSTEMI is suspected. At least
160mg of aspirin should be given acutely, followed by
81-325myg daily. The first dose should be chewed to
ensure rapid absorption. Clopidogrel (300mg initial
dose followed by 75 mg daily) appears 1o decrease mor-
bidity when added to aspirin, and is an alternative
antiplatelet agent for patients with an aspirin allergy.

Antithrombotic therapy with either unfractionated
heparin or low-molecular-weight heparin (LMWE)
(enoxaparin or dalteparin), should be administered for
48-72 hours to patients with intermediate or high risk
features, LMWZHs are more effective than unfraction-
ated heparin but are contraindicated in the setting of
renal insufficiency. Glycoprotein TIb—¥TEa inhibitors,
which block platelet activation and aggregation, have
been shown to be of benefit in the treatment of UA and
INSTEMI, and should be used in patients with high risk
clinical features.

Beta-blockers decrease MVO, and are thereby effec-
tive in controlling ischemia. They should be used in all
patients with UA/NSTEMI unless contraindicated.
Non-dihydropyridine calciun channel antagonists may
be used in patients without heart failure and with pre-
served LV systolic function, and may prevent recurrent
infarcdon in this setting. Nitrates, in oral, transdermal,
or intravenous forms, are effective in relieving anginal
symptoms and for prophylaxis against further ischemic
episodes, but they do not affect mortality. Angictensin
converting enzyme (ACE) inhibitors appear to decrease
morbidity and mortality in some patients with
UA/NSTEMI, and should be added if hemodynamically
tolerated.

Thrombolytc therapy has no role in the treatment
of UA and NSTEMI, as it is associated with higher
mortality due to intracranial hemorrhage in these
patients.

After the patient with UA or NSTEMT has been sta-
bilized, cardiac catheterization and coronary revascular-
ization should be considered. Initial studies comparing
conservative therapy (medications, risk stratification
with exercise tolerance test {ETT]) to an early invasive
strategy (cardiac catheterization and revascularization)
found a higher morbidity in the invasive group. More
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recent studies using intracoronary stenting have favored
the early invasive strategy. Thus, the decision to proceed
to cardiac catheterization is made on a case-by-case
basis, based on an individual patient’s risk profile,
comorbidities, and patient/physician preference. A
generally accepted approach follows:

* low-risk patients: noninvasive stress testing for
further risk stratification {may be done off medica-
tions if diagnosis is uncertain)

* intermediate-risk patients: noninvasive stress testing
after stabilization with medications

* high-risk patents: cardiac catheterization and
revasenlarization if anatomically indicated

Patents who undergo noninvasive testing and have
moderate to severe ischemia should undergo cardiac
catheterization and revascularization, either percuta-
neously (PTCA with or without stent implantation) or
surgically {CABG) depending on their anatomy.

RiISK FACTOR MODIFICATION

Risk factor modification is a key component of long-
term therapy. Goals of risk factor modification are out-
lined in Table 13-1.

I. Acute coronary syndromes (ACS) refers to
unstable angina, non-ST elevation M1, and ST
elevation ML

2. Acute coronary syndromes result from ather-
osclerotic plaque rupture and intracoronary
thrombosis.

3. Initial treatment of UA/NSTEMI mncludes
analgesia, anuplatelet agents, heparin, beta-
blockers, and nitrates,

4. Low and intermediate risk patients should
undergo risk stratification with stress testing,
and cardiac catheterization if the test is very
abnormal. High-risk padents should undergo
cardiac catheterization and revascularization.
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ST-Elevation

- Myocardial Infarction

ST-elevation myocardial infarction (STEMI; previ-
ously referred o as Q-wave or transmural MI) is
an acute coronary syndrome in which there is per-
sistent, complete occlusion of the involved coronary
artery.

PATHOPHYSIOLOGY
(see Chaprers 11 and 14)

asymptomatic or have atypical symproms. Large infarc-
tions may present as congestive heart failure (CHF) or
cardiogenic shock. Patients with an inferior MI may
present with hypotension from right ventricular infarc-
tion. Ventricular tachyarrhythmias are commoen and
account for most of the deaths during the first hours
following a STEMI (see Chapter 16).

STEMI is.ovcrwhclmingly the result of atherosclerotic
plaque rupture with subsequent coronary thrombosis.
Rarcly, STEMI may be the result of another disorder

mcluding:

* coronary emboli (from intracardiac thrombi or
valvular vegetation)

in situ thrombosis (due to a hypercoagulable state)
vasculitis (e.g., Kawasaki’s disease)

coronary artery dissection (either primary or as a
resubt of aortic dissection)

CLINICAL MANIFESTATIONS
7 (sée also Chapter 1)

The majority of patients with STEMI report severe,
persistent, substernal chest pain that is commonly
associated with nausea, vomiting, diaphoresis, dyspnea,
and apprehension. Approximately 25% of patients are

DIAGNOSIS

The hallmark of STEMI is ST segment efevation on the
ECG (Figure 15-1}. Serial 12-lead ECGs should be per-
formed to confirm the diagnosis and focalize the area of
infarction. A charactenistic evolution of ECG changes
veeurs (Figure 15-2). ST-elevation is present initially;
this is followed sequentially by loss of R wave height,
development of Q waves, T wave inversion, and finally,
return of the ST segments to baseline. Patients with
extensive anterior wall MI may present with a new left
bundle branch block.

Cardiac enzymes have a similar pattern of elevation
in STEMI as they do during non-ST elevation M (see
Figure 14-2); however, the absolure increase tends to be
greater. Echocardiography during an STEMI demon-
strates hypokinesis or akinesis of the lefe ventricle (ILV)
in the distribution of the occluded vessel. This finding
can be helpful in the assessment of patients with sus-
pected acute MI (AMI) but with a non-diagnostic or
borderline clectrocardiogram (ECG).

71
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Figure 15-1 Electrocardiogram during an acute ST elevation myocardial infarction. Note the marked ST
segment elevation in leads Vi—V,, |, and aVL.

MANAGEMENT

Acute Therapy

Time is a key factor during an STEMI, because thera-
pies are more beneficial when administered early.
Therefore, rapid assessment and treatment should be
the goal. Initial management should include:

L. a brief, wargeted history

2. directed physical examination to identify complica-
tions and comorbid conditions

3. 12-lead ECG to confirm the diagnosis (within 10
minutes of presentation)

4. institution of analgesia, oxygen, antiplatelet agents,
antithrombotic agents, and beta-blockers

5. determination of the need for reperfusion therapy

"The initial management of STEMI is similar to that of
UA/NSTEMI. Antiplatelet therapy (aspirin) and an-
tithrombotic therapy (unfractionated or low-molecular-
weight heparin) should be started as soon as STEMI
is diagnosed. The first dose of aspirin should be chewed

to ensure rapid absorption. Oxygen shoukd be adminis-
tered by nasal cannula or facemask. Analgesia and anx-
iolytics are important for pain control and to decrease
heart rate and blood pressire. Sublingual nitroglycerin
should be administered and intravenous nitroglycerin
should be started if ischemic chest pain persists.
Beta-blockers decrease mortality and reinfarcton after
an STEMI and should be administered to all patients
uniess contraindications exist {e.g., hypotension, brady-
cardia, bronchospasm). Caleivm channel blockers are
generally not indicated in this setting.

If the patient has evidence of persistent ischemia
(continued angina, persistent ST elevation) after initial
tnedical treatment, reperfusion therapy with thrombol-
ysis or primary angioplasty should be considered. Eligi-
bility and exclusion criteria for thrombolytic therapy are
outlined in Table 15-1. Time is a key issue, because
thrombolysis is of minimal benefit beyond 6 hours after
onset of symptoms.

Thrombolytic therapy with tissue plasminogen acti-
vator (tPA) establishes patency of the infarct-related
artery in 75-80% of cases, and has been proven to
decrease mortality, decrease infarct size, improve 1V
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Normalization of T Foi - Days 10 weeks

waves

Figure 15-2 Evolution of ECG changes after an
STEME.

function, and reduce heart failure in patients suffering
an STEMI. Other thrombolytic agents (tPA, TNE-tPA)
yield similar results and are easier to administer. Suep-
tokinase 1s somewhat less effective but is associated with
a lower rate of intracranial hemorrhage.

Primary angioplasty offers an alternative reperfusion
technique {Figure 15-3). Tt is more effective at restor-
ing flow in the affected coronary artery (>95% success
rate) than is thrombolytic therapy, and it has a lower risk
of intracranial hemorrhage. Comparative trials have
demonstrated superiority of primary angioplasty with
regard to mortality, reinfaretion, recurrent ischemia,
and stroke. The main Hemitation to primary angioplasty
is its lack of widespread availability. At institutions
where primary percutaneous transluminal coronary
angioplasty (PTCA) is available, it is the preferred strat-
egy. At hospitals where primary PT'CA is not available,
thrombolytic therapy should be administered; patients
with contraindications to thrombelytic therapy and
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ST-Elevation Myccardial Infarction

Indications

“Chest pain consistent with AMI, and

- ST-elevation >0.1 mV in >2 contiguous leads or
new LBBB, and

3. <6 hours from onset of symptoms {consider if

612 hours)

[l

Absolute Contraindications

Active internal bleeding {excluding menses)

2. Suspected acrtic dissection

3. Prior hemorrhagic stroke at any time; other CVA
within one year

4. Known intracranial neoplasm

Relative Contrgindications

I Uncontrolled HTN on presentation (BP > 180/
F 1OmmHg)

History of prior CVA

INR >2-3; known bleeding diathesis

Recent trauma (within 2—-4 weeks)
MNoncompressible vascular punctures

Recent (within 2—4 weeks) internal bleeding
Fregnancy

Active peptic ulcer

History of chronic severe hypertension

For streptokinasefanistreplase: prior exposure
(especially within 5 days to 2 yrs) or prior allergic
reaction

SODNO U A WN

AMI: acute myccardial infarction; LBBB: left bundle branch
block; CVA: cerebrovascular accident; HTIN: hypertension;
INR: international normatized ratio.

those failing to reperfuse after attempted thrombolysis
should be transferred to a nearby hospital with angio-
plasty facilitics for either primary or rescue angioplasty.

Post-MI Management

After thrombolytic therapy, patients should be contin-
ued on heparin for an additional 24-48 hours. Follow-
ing an anterior MI, some patients develop mural
thrombi in the LV cavity; these patients require con-
tinued anticoagulation with coumadin for 3-6 months.
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(b)

Figure 15-3 Coronary angiogram during an acute inferior myocardial infarction. (a} Initial angiégram reveals an
occluded right coronary artery (arrow). (b} Same artery after angioplasty and placement of an intracoronary

stent at the site of occlusion.

Aspirin 1s continued indefinitely, Beta-blockers should
be continued and increased to the highest dose toler-
ated; angiotensin converting enzyme (ACE) inhibitors
should be initiated, especially if significant IV systolic
dysfunction is present. Lipid levels should be checked
within 24 hours of admission and appropriate Jipid-
lowering therapy with HMG-CoA reductase inhibitors
(“statins”) should be started. As with NSTEM], aggres-
sive risk factor modification should be undertaken.

Echocardiography is generally performed several
days after AMI to assess LV function. It can also iden-
tify LV mural thrombi, vabvular disease (mitral regurgi-
tation), ventricdar septal defects, and ventricular
ANEurysims.

Patients who have undergone primary PTCA with
successful reperfusion, have no residual high-grade
stenoses, and have had an uncomplicated course, are
usually discharged home 3—4 days after admission
without further resting. Patients who are managed con-
servatively, including those who received thrombolytic
therapy, should undergo low-level exercise wlerance
testing (ETT) 3-5 days after infarction to assess for

ischemia and for risk stratification. A symptom-limited
ETT is recommended 3-6 weeks after discharge, If
either of these tests reveals significant inducible
ischemia or the patient develops recurrent angina,
cardiac catheterization and revascularization should be
performed. Treatment for complications of MI s
described in Chapter 16.

1. STEMI results from atherosclerotic plague
rupture and subsequent coronary thrombosis.

2. Initial therapy for STEMI includes analgesia,
oxygen, aspirin, heparin, nitrates, and bera-
blockers.

3. Patients with persistent angina and ST eleva-
tion should undergo reperfusion therapy with
angioplasty, if available. If angioplasty is not
available, thrombolytic therapy should be
administered.
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Despite recent major advances in its treatment, an acute
myocardial infarction (AMI) is still associated with sig-
nificant morbidity and mortality. This is, in large part,
a result of infarct-related complications including:

*  heart faiture (both left and right ventricular dys-
function)

cardiogenic shock

arrhythmiag

mechanical  complications  (ventricular free  wall
rupture, ventricular septal defect [VSD), papillary
muscle ruprure)

_ HEART FAILURE
Pathophysiology
Ischemic heart disease can resultin heart failure through
a variety of mechanisms. Acute ischemia results in an
immediate risc in left ventricular diastolic pressure
owing to impairment of myocardial relaxation. Con-
tinued ischemia results in reversible systolic dysfune-
tion, thereby decreasing cardiac output and further
elevating intracardiac pressure. Both the systolic and
diastolic dysfunction may precipitate heart failure
during an acute ischemic event.

Myocardial infarcdon (MI) results in myocardial
necrosis with a resultant loss of left ventricular systolic
function. Following the acute phase of an MI, ventric-

8 Complications of '
Myocardial Infarction
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ular remodeling occurs and results in IV dilation. This
aftered ventricular morphology produces a farther fall
in LV systolic function. These factors contribute to the
development of both acute and chronic heart failure in
this setting. The development of congestive heart
tailure (CTIF) following an Ml also relates to the infarce
size (the larger the infarction, the more severe the
degree of left ventricular dystunction), and infarct
location (an anterior wall MI results in more severe
dysfunction than does an inferior or lateral wall MI).

Diagnosis

Patients with significant IV dysfunction following an
MI may have symptoms and signs of CHF, including
dyspnea, orthopnea, tachypnea, tachycardia, pulmonary
rales, and an §; or S, gallop. Chest x-ray frequently
demonstrates pulmeonary vascular congestion and car-
diomegaly. An echocardiogram will demonstrate hypo-
or akinesis of the effecred areas of the LV, and allows for
estimation of the overall left ventricular ejection frac-
tion. Invasive assessment of intracardiac pressures with
a pulmonary artery catheter can definitively establish
the diagnosis of CHE but is required in a minority
of patients with an acute MI (e.g., patients with CHF
complicated by hemodynamic instability).

Treatment

The management of mild to moderate heart failure in
the acute MI setting includes treatment of the underly-
ing ischemia, as wel as diuresis, afterload reduetion, and

15
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(c.g.,.ﬁarosemlde) and_mtrates is effective in re_dumng_.:”
symptoms of pulmeénary congestion, whereas afterload:

reduction with angiotensin converting enzyme (ACE)
inhibitors improves both symptoms and mortality. Beta-
blockers reduce long-term mortality in CHE, and
should be given to most post-MI patients irrespective of
LV function; however, they must be used with caution
in patients with decompensated heart failure in the acute
setting.

Care must be taken 1o avoid overdiuresis in these

patients. Most patients presenting with an acute MI and
mild CHF are not volume overloaded. In fact, they are
frequently somewhat volume-depleted owing to tachyp-
nea, diaphoresis, and vomiting. Aggressive diuresis in
this setting can result in intravascular volume depletion
and can precipitate hypotension.

CARDIOGENIC SHOCK

The most severe form of acute heart failure is referred
to as cardiogenic shock. It affects approximately 7% of
patients with AMI,

Definition

Cardiogenic shock is characterized by:

* reduced cardiac outpurt (cardiac index <2.21/kg/min)
* hypotension (SEP <90mmHg)

* clevated pulmonary capillary
(PCWP >18mmHg)

* organ hypoperfusion

wedge pressure

Pathogenesis

Approximately 80% of MI patients with cardiogenic
shock have an extensive infarction with severe LV dys-
function (~40% of the LV must be infarcted to result
in cardiogenic shock); the remaining patients have
mechanical complications (see below) or hypovolemia.
Patients with advanced age, prior infarction, diabetes
meHitus, farge infarction size, and known pre-existing
LV dysfunction are at increased risk of developing
cardiogenic shock after an infarction.

Diagnosis

Patients with cardiogenic shock are hypotensive, have
signs of pulmonary edema, and have poor organ perfu-
sion {e.g, mental status changes, decreased urine

Treatment

signs: of acute (ST (,levanon or deprcsswn) or chmmc

(pathological -Q waves) 1schem1c heart disease. The

hemodynamic abnormalitics ¢an be confirmed with
invasive monitoring (Swan-Ganz catheterization).

'Managcmmt of (:ardtogemc, shock requires continuous

hemodynamie monitoring as 3 guide o optimizing left

“ventricular filling pressure and cardiac output. Medical

management - includes the wuse of vasopressors (such
as dopamine) to maintain adequaté blood pressure,
inotropes (such as dobutamiine) to augment cardiac
output, and diuretics 1o decrease pulmonary congestion.
Patients who develop eardiogenic shock within 24 hours
of presentation of an AMI have improved survival if they
undergo revascularization by either percutancous trans-
haminal coronary angioplasty (PTCA) or coronary
artery bypass graft (CABG), and should be considered
for emergent cardiac catheterization. Placement of an
intra-aortic balloon pump (IABP) is sometimes neces-
sary to augment systemic blood pressure, improve organ
perfusion, augment diastolic coronary artery perfusion,
and improve heart faiture. Despite aggressive therapy,
the mortality of cardiogenic shock resulting from an
AMI approaches 70%.

RIGHT VENTRICULAR INFARCTION

nght ventricular mfarctlon RV usua]l"y ocours in
association with an inferior LV infarction because both
these territories are supplied by the right coronary
artery. Isolated RV infarction is rare.

Clinical Manifestations

Patients with significant RV1 have signs of RV failure,
namely elevated jugular venous pressure (JVP), hepatic
congestion, and hypotension. Kussmaul’s sign {an inspi-
ratory increase in JVP) may be present. Pulmonary con-
gestion is usually absent unless there is concomitant LV
dysfunerion.

Diagnosis

The diagnosis can frequently be made on a 12-lead
ECG with right-stded precordial leads. This may show
>l mim ST-clevations, particularly in lead V,R. This
finding may be transient and usually resolves within 12
to 24 hours after infarction. Echocardiogram will



< not for sale! > < He R mpopasy ! >

demonstrate RV hypokinesis, and usually reveals an
associated inferior wall motion abnormality. Right heart
catheterization demonstrates a low cardiac output, low
pulmonary capillary wedge pressure (PCWP), and ele-
vated right heart pressures. The differential diagnosis of
RVI includes pulnonary embolism and cardiac tam-
ponade.

Treatment

Acute treatment of an RV inchades reperfusion therapy
(thrombolysis or angioplasty) for the associated inferior
MI. Hypotensive patients require volume resuscitation
{(to maintain adequate RV preload) and inotropic
support with dobutamine.

MECHANICAL COMPLICATIONS
OF AMI (Figure 16-1)

Following an AM, disruption of necrotic myocardium
may occur and result in left ventricular frec wall rupture,

Figure 16=1 Mechanical complications of AMI. {a}
Papillary muscle rupture resufts in acute, severe mitral
regurgitation (MR). (b} Rupture of the interventricular
septum produces an acute ventricular septal defect
(VSD) resulting in left-to-right shunt flow. (c)
Ventricular free wall rupture causes the rapid develop-
ment of a pericardial effusion (PE) that results in peri-
cardial tamponade. RA: right atrium. RV: right ventricle.
LA: left atrium. LV: left ventricle,
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" Complications of Myocardial infarction

VSD, or rupture of a papillary muscle with resultant
acute mitral regurgitation. These conditions are sum-
marized in Table 16-1.

Clinical History

Mechanical complications usually occur 3-5 days after
an acute ML Patients suffering from free wall rupture
may present with recurrent chest pain, pericardial tam-
ponade, or sudden death. Patients with an acute VSD
or papillary muscle rupture usually have a new, harsh
systolic murmur associated with a precordial thrill, and
rapidly develop pulmonary edema and hemodynamic
collapse.

Diagnosis

The diagnosis of a mechanical complication follow-
ing an AMI can be confirmed by echocardiography
and pubmonary arterial catheterization (sce Table
16-1).

Treatment

The treatment of LV free wall rupture includes pericar-
diocentesis (if in tamponade) and emergent surgery and
LV repair. Treatment of an acute VSD or papillary
muscle rupture includes inotropic agents, vasodilators,
and placement of an intra-aortic balloon pump as tem-
porizing measures while awaiting cmergent surgical
intervention. Despite rapid surgical intervention, sur-
vival after IV free wall rupture is rare. Survival after an
acute VSD or papillary muscle rupture is generally
<50%, but depends on their rapid recognition and ini-
tiation of therapy.

ARRHYTHMIAS

A wide variety of arrhythmias may occur during an
acute MIL. Some are relatively benign, but many are life
threatening and account for the majority of infarct
associated sudden cardiac deaths, The advent of coro-
nary care units and contineous telemetry monitoring
has allowed for the early recognition and treatment of
these arrhythmias, and has resulted in a significant
reduction in mortality in the peri-infaret period. The
genesis, diagnosis, and treatment of these arrhythmias
are more fully discussed in Chapters 22-24. The spe-
cific etiology and treatment of various rhythm distur-
bances as related to the specific setting of AMI are listed
in "Table 16-2,
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Mechanical Complications of Myocal;dial'lnfar'ction

Variable Free Wall Rupture Ventricular Septal Papillary Musdle
Defect Rupture
Days post-Mi 3-6 3-5 35
New murmur 25% 90% 50%
Palpable thrill No Yes Rare
Previous Mi 25% 25% 30%
Echo findings Pericardial effusion Shunt flow across Flail or profapsing mitral valve
septal defect leaftet with severe regurgitation
Swan-Ganz Equalization of diastolic Oxygen saturation Prominent V waves seen on
catheterization pressures (tamponade) step-up in RV pulmonary capillary wedge tracing
Mortality
- Medical 90% 90% 90%
- Surgical Case reports 50% 40-90%

Modified from Heart Disease, 5™ edition, Braunwald, p. 1241, W.B. Saunders, 1998,

OTHER COMPLICATIONS
OF ACUTE MI

Pericarditis {see Chapter 33) frequently occurs in the
peri-infarct period as a resubt of pericardial inflamma-
tion adjacent to regions of myocardial necrosis. An
autoimmune pleuro-pericarditis associated with fever
and an clevated erythrocyte sedimentation rate can
also oceur, wsually weeks after the initial infarction
{(Dressler’s syndrome). Treatment is with aspitin or non-
steroidal  anti-inflammatory  agents.  Anticoagulants
should be avoided owing to an increased risk of devel-
oping hemorrhagic pericarditis.

Ventricular anenrysms are areas of focal myocardial
dilation that ocecur as a result of ventricular remodeling
following an AMI. They are readily detected by
echocardiography and may produce persistent ST-
segment elevation on the surface ECG. True
anenrysms are made up of scar tissue, rarely rupture,

and require no specific therapy. False aneurysms, or
pseundo-aneurysms, represent ventricular wall rupture
with containment by the pericardivm, and have a high
risk of spontaneous rupture. Surgical repair is the treat-
ment of choice,

Both arterial and venows emboli may occur
patients with AML Venous emboli result from the
hypercoagulable state as well as physical inactivity, man-
ifest as deep venous thromboses or pulmonary -emboli,
and can be prevenied by early ambulation or adminis-
tration of prophylactic anticoagulants.” Arterial emboli
originate from left ventricular mural thrombi and can
result in stroke, renal failure, mesenteric infarction, or
limb ischemia. These occur more frequently following
anterior wall infarctions, especially with associated
aneurysm formation. Mural thrombi may be identified
by echocardiography and require systemic anticoagula-
tion with warfarin for 3 to 6 months to lower the throm-
boemholic risk.



Arrhythmias in Acute Myocardial Infarction

it 3
Arrhythmia Mechanism Goal of Treatment Therapy
Ventricular Electrical instability Correct electrolyte abnormalities  Potassium, magnesium repletion; beta-blockers.

premature beats

Ventricular tachycardia

Ventricular fibrillation

Accelerated
idioventricular rhythm

Sinus tachycardia

Atrial fibrillation or atrial
flutter

Supraventricular
tachycardia

Sinus bradycardia

Atrioventricular {AV)
block

Intraventricular block
(e.g. left or right bundle
branch block)

Electrical instability

Electrical instability

Electrical instability

T sympathetic tone

T sympathetic tone,
pericarditis

T sympathetic tone

T vagal tone
SA nodal ischemia

T vagal tone
AV node ischemia

Ischemia/infarction of
conduction tissue

Reduce sympathetic tone

Restore sinus rhythm
Prophylaxis against VF

Restore sinus rhythm

Restore sinus rhythm

Correct underlying cause
Control heart rate

Control heart rate
Restore sinus rhythm

Control heart rate
Restore sinus rhythm

T HR if hemodynamically unstable

Treatment dependent on severity
of block and hemodynamic
compromise

Cbserve

Cardioversion/defibrillation acutely, Consider
anti-arrhythmic agents if prolonged or recurrent,

Immediate defibrillation

Observation unless hemodynamically unstable.
Increase sinus rate (atropine or atrial pacing) if
symptomatic. Avoid anti-arrhythmic agents.

Antipyretics, analgesics, volume repletion, diuretics,
or transfusion if needed. Beta-blockers unfess CHF
present,

Beta-blockers, calcium blockers, or digoxin for rate
control. Consider cardioversion.

Yagal maneuvers, beta-blockers, or calcium blockers.
Consider cardioversion.

Ohbserve if stable.

Atropine or atrial pacing if hemodynamically unstable.

I** degree block and Wenckebach: observe if stable.
Higher degrees of block: atropine. Consider
temporary pacemaker (especially if anterior Ml).

Consider temporary pacemaker for new left bundle
branch block.
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myocardial ischemia or infarction results from
both diastolic and systolic dysfunction. It is
treated with afterload reduction (ACE in-
hibitors), preload reduction (nitrates), and
diuresis.

Most patients with mild to moderate CHF
complicating an acute MI are not volume
overloaded. Overly aggressive diuresis in this
setting may precipitate hypotension.
Cardiogenic shock is characterized by systemic
hypotension (SBP <%0mmHg), low cardiac
output (I <2.2 L/kg/min), elevated pulmonary
capillary wedge pressure G18mmHg), and
evidence of organ hypoperfusion.

Treatment of cardiogenic shock includes
pressors, inotropes, and diuretics. Patients
with cardiogenic shock complicating an AMI

< CRAH M LeXABO-KOBBeRCHA: MYCAHL sT ipodT. py >

should be considered for-emergent - cardidc. -
catheterization and coronary reperfusion. :
Right ventricular infarction is characterized -
by hypotension, clevated neck veins, and -
lack of pulmonary congestion. It usually
occurs in conjunction with an inferior left
ventricular infarction. Treatment consists of
volume expansion, inotropic support, and

reperfusion therapy for the associated inferior ~

MI.
Mechanical complications following an acute
Ml include ventricular free wall rupture, VSD,
and papillary muscle rupture. These are all

surgical emergencies and are associated with * 3

excessive mortality. B
True aneurysms of the IV rarely rupture,.
whereas pseudo-ancurysms are prone to-
rupture and require surgical resection.
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Part IV
Heart Failure
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Cardiovasc_u;_lar

Hemodynamics

The four cardiac chambers comprise two separate
purnps (the right and left sides of the heart) that func-
tion together in series. The efficiency of these pumps
depends in part on their inherent contractile properties
(contractlity), as well as on the rate at which the pumps
fill (preload) and the resistance against which they
must pump (afterload). These and other hemodynamic
variables are unportant measures of cardiac function and
are altered in characteristic ways in the setting of heart
failure. Assessment of the hemodynamic status of the
failing heart allows for the recagnition of specific disease
states, quantification of disease severity, tailoring of
specific therapy, and evaluation of the therapeutic
response. [hus, an understanding of basic cardiovascu-
lar hemodynarnics Js essential to the understanding and
management of heart failure.

HEMODYNAMIC PARAMETERS

: Intracar‘dlac Pressures

The assessment of intracardiac pressure is discussed at
length in Chapter 8, but will briefly be reviewed here
with regard to the assessment of heart failure. The
normal pressure in each of the cardiac chambers is
shown in Figure 17-1. Changes in these pressures may
reflect alterations in a person’s volume starus or the
funceionsl state of their heart. Most of these pressures
can be directly measured by placing a catheter into the
chamber of interest.

"The pressure required to fill the left ventricle (the filling
pressure) is an important measure of ventricular func-
tion. It can be measured direcly via placement of a
catheter within the left ventricular cavity (left ventri-
cular end-diastolic pressure or LVEDP), or it can be
indirectly assessed by measurement of the pulmonary
capillary wedge pressure (PCWP). In the absence of
pulmonary vascular disease the PCWP reflects left atrial
pressure. Furthermore, in the absence of mitral steno-
sis, the left atrial (LA) pressure reflects EVEDP. Thus,
the PCWP can be used as an accurate surrogate for
LVEDFE.

Cardiac Qutput

"The cardiac output (CO) is the volume of blood that is
pumped by the heart in one minute and is the product
of the heart ratc (ITR) and the stroke volume (SV, the
amount of blood the heart pumps with each bear):

CO=HRxSV(units: L/min)

The cardiac index (CI) is a method of normalizing the
CO 1o body size and is obtained by dividing the CO by
the body surface area (BSA, in meters squared [m?]):

CI= CO/BSA (units: L/min/m?)

The normal CO s approximately 4 to 6 liters per
minute; however, this may increase greater than
five-fold as a result of increases in heart rate and
stroke volume. The heart rate (also referred to as
chronotropy) is largely controlled by the autonomic
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{15.25/8.12 mmHg

Figure 17-1
right atrial pressure; RV: right ventricle; PA: pulmonary
artery; PCWP: pulmonary capillary wedge pressure;
LV: left ventricle. Note that the PCWP is an indirect
measure of left atrial pressure.

Normal intracardiac pressures. RAP:

nervous system. The stroke volume depends on
three hemodynamic factors: preload, afterload, and
contractility.

Prelead

Preload refers to the volume of blood in the left ventri-
cle just prior to systole (LV end diastolic volume). This
volume, however, cannot easily be measured, and left
ventricular filling pressure (EVEDP, LA pressure, or
mean PCWP) is, therefore, used as a swrrogare.

Afterload

Afterload is the force against which the left ventricle
must pump. According to the law of LaPlace, afterload
is directly proportional to blood pressure and left
ventricular diameter, and inversely proportional to left
ventricular thickness. Clinically, however, systolic blood
pressure alone is often used as a measure of afterload.
Afterload can also be quantified by assessment of
the systemic vascular resistance (SVR), which can be
caleulated as:

Increased
contractiliey

Normal

Stroke Volume

CHF

Filling Pressure (Preload}

Figure 17-2 Frank Starling curve in various hemo-
dynamic settings. In the normal setting, as filling pres-
sure (preload) increases, stroke volume (SV) increases
{point a — point b). Increased contractility (i.e.,
infusion of inotropic agents) is associated with an
increased SV at any level of preload {point a — point
¢). In contrast, decreased contractility (i.e.. heart
failure) is associated with a decrease in SV at a given
level of preload (point a - point d). In this setting, an
increased preload is required to maintain the same SV
(point a ~> peint e). Additionally, further increases in
preload {point e — point ) result in relatively minimal
augmentation of stroke volume at the expense of a
marked elevation in filling pressure.

SVR =[(MAP-CVP)/CO] x 80
(units: dynes—sec—cm™)

MAP is the mean arterial pressure and CVP js
the central venous pressure. In general, as afterload
increases, stroke volume and cardiac output decrease.

Contractility

Contractility (also referred 1o as inotropy) is the inher-
ent strength of veuntricular contraction independent of
preload and afterload. Contractility can be augmented
hy increased activity of the sympathetic nervous systen,
and by sympathomimetic medications {e.g., dopamine
or dobutamine). Contractility can be decreased by beta-
blocking agents and calcdum channel antagonists.

Pressure-Volume Relationships

The relationship between left ventricular filling pres-
sure and stroke volume is described by the Frank-
Starling curve (Figure 17-2). As can be seen, over a
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Left Ventricular

Pressure volume
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Cardiovascular Hemodynamlcs

Systolic pressure-volume
curve (contractility)

Diastolic pressure-volume
curve (compliance)

Left Ventricular Volume

Figure 17-3 Left ventricular pressure-volume foops. (2) Normal pressure volume loop. The mitral valve opens
at point | followed by left ventricle (LV} filling. The LV reaches a maximum volume at point 2 (LV end diastolic
pressurefvolume, or preload) followed by isovolumic contraction (line 2-3). The zortic valve opens at point 3,
allowing for LV ejection (fine 3-4). The volume of blood ejected represents the stroke volume. Maximum pres-
sure is generated at point 4 {LV end systolic pressure, or afterload) and is followed by aortic valve closure and
isovolumic relaxation (line 4-1). (a) Effect of changing hemodynamic parameters on stroke volume. (1) Normal
stroke volume. (2) Increasing preload results in increased stroke volume. (3} Increasing afterioad results in
decreased stroke volume. (4) Increasing contractility results in increased stroke volume.

wide range of volumes, an increase in preload results
in an increase in stroke volume. At extremely high
pretoad (not shown in figure) the relationship fails and
stroke volume falls (likely the result of over-stretching
of myocardial contractile elements).

As can be seen in Figure 17-2, heart failure is asso-
ciated with decreased contractility resulting in a lower
stroke volume for a given preload. In an attempt to
augment stroke volume, the preload increases substan-
tially. This increased pressure is transmitted to the pul-
monary vasculature, resulting in pulmonary edema.

The relationship between left ventricular pressure
and volume can be represented graphically by a pres-
sure-volume loop (Figure 17-3a). As can be seen, left
ventricular stroke volume (i.e.,, IV performance) is
affected by changes in preload, afterload, and contrac-
tility (Figure 17-3bh). Abnormalities in any of these
factors can result in impaired myocardial performance
and alterations of normal cardiac filling pressures.

The end-diastolic pressure-volume curve defines the
compliance, or distensibility, of the ventricle. A highly
compliant ventricle & one that can accommodate a large
volume of blood with only a small rise in pressure (as
oceurs with chronic sortic msufficiency). In contrast, a

poorly compliant ventricle (as occurs with ventricntar
hypertrophy or acute ischemia) is one in which a small
increase in volume results in a significanr increase in
pressure.

Ejection Fraction

The overall systolic function of the heart is reflected in
the ejection fraction. This is the proportion of blood
that is in the ventricle at the end of diastole that is sub-
sequenrly ¢jected during systole. The normal ejection
fraction is approximately 60%, and can be measured
by echocardiography, nuclear scanning, or contrast
ventriculography.

Normal hemodypamic values are summarized in
Table 17-1.

ALTERATIONS OF HEMODYNAMIC
PARAMETERS IN HEART FAiLURE

MOSt forms of heart failure are associated with a hil
in cardiac owpur, frequently as a result of a decrease
in contractility (systolic dysfunction). Systolic blood
pressure (BP) may also fali since BP is proportional to
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Surmmary of Normal Cardiac Hermodynamic

Values

R

Hermodynomic Parameter Range of Normal Volues

Heart rate 60-80bpm (at rest)
Cardiac output 4-61/m
Cardiac index 2.5-4.01 /minfm?

Systemic vascular 800-1200 dynes-sec-cm™

resistance

Pulmenary capiltary 812 mmhg
wedge pressure

Ejection fraction 60%

the product of the CO and SVR. Vasoconstriction
ocours as a compensatory mechanism to maintain an
adequate B, and accounts for the increase in SVR that
is usually present in patients with heart failure (fre-
quently >1500 dynes-sec-cm™), However, this increase
in afterload results in a farther fall in stroke volume (see
Figure 17-3b).

Heart failure is also associated with an increase in left
ventricular preload, The increased LVEDP is transmit-
ted back to the pulmonary vasculature resulting in a rise
in the PCWP. A PCWP of >18mmHg may alter the
local Starling forces such that fuid enters the extravas-
cular space, and pulmonary edema develops. Chronic
elevation in the PCWP results in pulmonary vasocon-
striction, thereby elevating the pulmonary vascular
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resistance, and resulting in pulmonary hypertension.
This results in right ventricular pressure overload, and,

eventually, right ventrcular failure with elevation of
right atrial and central venous pressures.

The therapy of heart failure is aimed at correcting
these hemodynamic abnormalities, specifically, de-
creasing afterload, decreasing preload, and increasing
contractility.

1. The eardiac output is the vohune of blood that
is pumped by the heart in one minute and is
the product of the heart rate and the stroke
volume.

2. The pulmonary capillary wedge pressuce is
an indirect measure of left ventricular end
diastolic pressure, and, thus, is a measure
of preload.

3. Afterload is propordonal to blood pressure
and is estimated by the systemic vascular
resistance.

4. Over a wide range of volumes, increases in
preload result in increases in stroke volume.

5. Heart failure is associated with a fall in stroke
volume, frequently resulting from a decrease
in contractilicy. A compensatory increase in
preload and afterload helps ro maintain stroke
volume and blood pressure, but results in
pulmonary vascnlar congestion.
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Heart

Clinically, heart failure can be defined as the inability of
the heart to pump sufficent blood to meet the meta-
bolic demands of the body: The term cardiomyopathy
refers to a disorder of the myocardium that may or may
not be associated with clinical heart failure.

CLASS!FICAT!ONS

Hear[ faﬂure may be classified as systolic or dla‘il‘()]JL
right-sided or left-sided, high-output or low-output,
and acute or chronic. These classifications reflect either
the underlying pathophysiology of heart failure or the
pattern of the patient’s symptoms.

Systolic heart failure is characterized by impaired
myocardial contractility. The heart becomes weakened
and cannot pump blood effectively during systole. Con-
sequently, blood backs up into the pulmonary system
resulting in pulmonary vascular congestion. This is the
primary mechanisim of heart failure in both ischemic
and non-ischemic dilated cardiomyopathies. The sever-
ity of left ventricle (LV) systolic dysfunction can be
assessed by echocardiography, contrast ventriculogra-
phy, or nuclear imaging, and can be quantified by cal-
culation of the left ventricular ejection fraction (EVEF):

* normal LVEF: 250%

* mildly reduced EVEF: 40-50%

* moderately reduced IVEF: 30-40%
* severely reduced EVEF: <30%

Mechanisms of

Failure

Diastolic heart failure is characterized by impaired
ventricular relaxation (Le., decreased ventricular com-
pliance). In this setting, any given volumme of blood that
enters the LV cavity will result in a higher than normal
LV pressure. This results inn imnpairment of diastolic
ventricular filling and an increase in left ventricular
end-diastolic pressure (LVEDP). The increased pres-
sure is transmitted to the pulmonary system resulting in
pulmonary vascular congestion. This 1s the primary
mechanism of congestive heart failure (CHF) in hyper-
tensive, hypertrophic, and infiltrative heart diseases.

Many heart failure patients, particularly those with
advanced disease, have both systolic and diastolic
heart failure. Advanced systolic dysfunction results in a
rise in IVEDP, resulting in diastolic dysfunction. Many
patients with diastolic dysfunction develop systolic
dysfunction late in their disease (see Table 18-1).
Left-sided heart fajlure results from disorders that
predominantly affect the left ventricle (e.g., myocar-
dial infarction [MI], hypertension, valvular heart
disease) or produce global myocardial dysfunction
(i.e., nomischemic cardiomyopathy). Left-sided heart
failure produces symptoms of pulmonary venous con-
gestion (dyspnea, orthopnea, and paroxysmal nocrurnal
dyspnea).

Right-sided heart failure is most commonly
the result of left-sided heart failure but can occur
independently (e.g., right ventricle [RV] mfarction,
acute pulmonary embolism), and produces signs of
systemic venous congestion (edemmna, ascites, congestive
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Cause of Heart Failure

Common Causes of Heart Failure and Their Major Pathophysiological Abnormalities
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Major Pathophysiological Abnormidlity

Systolic Dysfunction Diastolic Dysfunction
Acute ischemia A ++
Ischemic cardiomyopathy +t +
Nenischemic cardiomyopathy ++
Aortic stenosis With advanced disease 4

Mitral regurgitation

MHypertension

Infiltrative heart disease {i.e., amyloid, sarcoid)
Hypertrophic cardiomyopathy

++

With advanced disease
+

With advanced disease

With advanced disease
++
+t
++

hepatomegaly, jugular venous distension). Right-sided
heart failure resulting from primary lung disease (e.g.,
pulmonary hypertension, chronic obstructive pulmo-
nary disease [COPDY) is referred to as cor pulmonale.
Both right- and lefe-sided heart failure frequently
coexist (biventricular heart failure).

Low-output heart failure results when the heart is
unable to pump enough blood to meet the body’s
notmal metabolic demands, and can be seen with
various forms of both systolic and diastolic failure.
High-output heart failure results when a relatively
normally functioning heart is unable to keep up with the
body’s abnormally increased metabolic demand, as may
occur with thyrotoxicosis, anemia, and arteriovenous
fistulas.

Acute heart failure refers to the sudden develop-
ment of heart failure symptoms in a person who was
either previously asymptomatic or whose heart faihure
was well controlled. It commonly occurs in the setting

of:
* myocardial ischemia or infarction
* severe hypertension

* sudden valvular dysfunction (e.g., ischemic mitral
regurgitation, ruptured mitral or aortic valve).

Chronic heart failure is that which has existed for a
period of time. The patient may be chronically symp-
tomatic or have well-controlled symptoms on medical
therapy.

Frequently, several classifications can be used to
describe heart failure in a single individual. For example,
a person may have chronic, left-sided, systolic heart
tailure.

COMPENSATORY MECHANISMS

In response to the decreased cardiac output that accom-
panies CHE, several adaptive processes occur that help
to miaintain adequate cardiac output and tissue perfusion
by augmenting stroke volume and heart rate. These
include:

¢ Activation of the renin-angiotensin-aldosterone
systemn results in improved blood pressure and tissue
perfusion through angiotensin-induced vasocon-
striction and aldosterone-induced sodinm and water
retentonn.

* Increased activity of the sympathetic nervous system
results in vasocconstriction, increased ventricular
contractility, and increased heart rate.

*  Vasopressin and natriuretic peptides are released and
result in fluid retendon, increased preload, and,
thereby, increased stroke volume.

* Endothelin is also released and produces further
vasoconstriction.

Although these responses are initially adaptive, they
eventually have deleterious effects (see Table 18-2). The
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Mechanisms of Heart Failure

Compensatory Mechanism

Beneficial Effect

Detrimental Effect

Renin-angiotensin activation

T Aldosterone
Tco

T Sympathetic tone
maintains BP

Natriuretic peptides
Tco

Endothelin

T SVR to maintain BP and tissue perfusion

Volume retention leads to T preload, T SV, and
T HR and contractility result in T CO; T SVR
Volume retention leads to T preload, T SV, and

T SVR to maintain BP and tissue perfusion

T SVR results in L CO

Volume overload
May induce ischemia;
T SVR results in L CO

Volume overload

T SVR results in 4 CO

SVR: systemic vascular resistance; BP: blood pressure; CO: cardiac output; SY: stroke volume.

increased afterload induced by angiotensin, norepi-
nephrine, and endothelin may decrease stroke volume
and result in a further decline in cardiac output. The
volume expansion results in fluld overload and elevated
intracardiac pressure. If the LVEDWP (and, therefore, the
mean pulmonary capillary wedge pressure [PCWT])
acutely exceeds ~1820mmHyg, pulmonary edema
develops. In patients with chronic heart failure,
increased pulmanary lymphatic drainage partially com-
pensates for the increased intrapulmonary pressure and
may allow patients to remain relatively asymptomatic
despite a PCW? of >25 mmiip.

The failing heart also undergoes structural changes
in response to myocyte loss (i.e., myocardial infarction),
increased afterload, or clironic volume overload. As a
first response, the lefe ventricle initially hypertrophies;
this may be followed by left ventricular dilation, These
changes help to normalize the wall stress and lower
the LVEDP. However, the progressive hypertrophy
and dilation eventually alter the shape of the heart, pro-
ducing a spherical IV cavity. This process is known as

ventricular remodeling and eventually results in a
further increase in wall stress and LVEDP, and a
decrease in LV systolic function.

" 1. Tleart failure may be classified as systolic or -
diastolic, lefe-sided or right-sided, low-output
or high-output, and acute or chromic.

2. Systolic heart failure is characterized by
impaired ventricular contraction, whereas
diastolic heart failure is characterized by
impaired ventricular relaxation.

3. Vasopressin, endothelin, aldosterone, natri-
uretic peptides, the remuin-angiotensin systein,
and the sympathetic nervous system all
contribute to the compensatory response to
heart failure.
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Clinical

Manifestations and
Treatment of
Heart Failure

EPIE)EMIOLOGY

CLINiCAL MANIFESTAT!ONS

Heart fallure (HEF) affe(,ts nearly 500,000 Amerl(,ans
1s the leading discharge diagnosis for persons over the
age of 65, and accounts for almost $20 billion in health
care costs annually. It is expected these numbers will
continue to rise as the population ages.

ET!OLOGIES

In 1hc 8} mted ﬂmtes the most common cause of systolm
HF 1s ischemic heart disease. However, heart failure
may also result from a variety of other primary cardiac
disorders, including congenital or acquired valvular
abnormalities, hypertension, and infiltrative or inflam-
matory diseases of the myocardium (Table 19-1). A
variety of metabolic abnormalities and several toxins
may also result in heart failure. A thorough evaluation
will usually implicate one of these disorders in the eti-
ology of congestive heart failure (CHF); however, the
exact cause cannot be determined in a significant
number of cases. In such cases, the etiology is referred
w as idiopathic. The major causes of diastolic heart
failure include systemic hypertension, acute ischemia,
hypertrophic  cardiomyopathy, and the restrictive
cardiomyopathies.

Hlstory

Dyspnea is the most common symptom of left-sided
heart failure. It may occur at rest or with exertion, may
worsen immediately after lying down as a result of a
sudden increase in venous return (orthopnea), or may
occur several hours after the patient lies down to sleep
as a result of central redistribution of extravascular fhiid
(paroxysmal nocturnal dyspnea). Wheezing and noctur-
nal cough may also result from CHE Fatigue, lethargy,
and poor exercise tolerance are frequent symptoms of
heart failure and reflect poor cardiac output. Right-
sided heart failure classically produces lower extremity
edema that is exacerbated by prolonged standing
and improved by elevation of the legs. Right-sided
heart failure may also result in abdominal discomfort
and nausea as a result of intestinal edema and may
produce ascites. Chest pain or tightness is common in
heart failure, may result from elevated intracardiac or
intrapulmonary pressures, or may reflect underlying
coronary artery disease,

Physical Examination

Signs of heart faihure are the same regardless of its cause.
Signs of left-sided CHF inchide:

90
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Etiologic Category

Etiologies of Heart Failure

Exampies

Ischemia

Valvular heart
disease

Hypertensive heart
disease

Toxins

Metabolic
abnormalities

Infiltrative diseases

Infectious diseases

High-output failure

Idiopathic CMP

Hypertrophic CMP

Acute ischemia
Ischemic cardiomyopathy (CMP)

Aortic stenosis or regurgitation
Mitral stenosis or regurgitation

Acute hypertension
Hypertensive cardiomyopathy

Alcohol, cocaine, adriamycin

Hyper- or hypo-thyroidism

Thiamine deficiency {Beri-beri)

Selenium deficiency (Keshan's
disease}

Amyloidosis
Hemachromatosis
Sarcoidosis

Viral myocarditis

Arteriovenous shunts
Paget’s disease
Beri-beri

Anemia

Cause unknown {presumed
viral)

Various genetic mutations

* pulmonary rales (fine inspiratory crackles)

* dullness at the lung bases (resulting from pleural

effusions)
* Jeft-sided
dysfunction)

* Jeft-sided fourth heart

dysfunction)

third heart

sound  (Sy)  (systolic

sound (Sy) (diastolic

* left ventricular heave

Signs of night ventricular CHF include:

* elevated jugular venous pressure

*  ascites

Clinical Mamfestations and Treatment of Heart Fallure
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* hepatomegaly

* edema

Patients who have symptoms or signs of vascular
congestion or organ hypoperfusion are said to have
decompensated heart failure, whereas patients without
these features are said 1o be compensated.

DIFFERENTIAL DIAGNOS‘IS

The main dlfferenna] diagnosis of left sided hearr
failure includes pneumonia, pulmonary embolisin, and
chronic obstructive pulmonary disease. The differential
diagnosis of right-sided heart failure includes cirrhosis,
nephrotic syndrome, pericardial discase, venous stasis,
and deep venous thrombosis.

DIAGNOSTIC EVALUATION

'I he evaluanon of the patient with CHF should inc lude
a search for the cause and an assessment of the severity
of the heart failure. Routine laboratory examination
should include a hematocrit and a measure of thyroid
function. A chest x-ray may reveal pulmonary vascular
congestion (vascular redistribution, Kerley B lines, etc.),
cardiomegaly, or pleural effusions. An electracardio-
gram (ECG) should be performed to evaluate for evi-
dence of underlying coronary artery disease or left
ventricular hypertrophy (EVIT).

An echocardiogram is essential and allows for the
accurate determination of biventricular systolic and
diastolic foncton. With systolic heart failure, echacar-
diography demonswates a depressed left ventricular
efection fraction. With pure diastolic heart failure,
echocardiography usually demonstrates IVH, a normal
LV gjection fraction, and evidence of abnormal diastolic
ventricular filling on Doppler evaluation. Echocardiog-
raphy can also identify valvular abnormalities that may
have caused the heart failure or tnay reveal evidence of
underlying CAD.

Placement of a pulmonary arterial (PA) catheter
(Swan-Ganz catheter) allows for the direct measure-
ment of intracardiac pressures, can confirm the diagno-
sis of heart failure when the diagnosis is in doubt, and
can help to guide therapy. If the cause of the CHF s
thought to be CAD, coronary angiography is indicated
and will define the extent of the coronary disease and
the feasibility of revascularization.
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Clinically compensated.
Treatment: vasodilators, B-blockers
+/- diuretics, digoxin
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Congested without hypoperfusion.
Treatment: diaretics

Volame Status

Dry Wet
Adequate A B
Perfusion
Inadequate | ¢ D

Hypoperfused without congestion,
Treatment: vasodilators and
notropes.

Figure 19-]

Congested and hypoperfusion.
Treatment: vasodilators. inotropes.
and diuretics

Hemodynamic profiles based on clinical signs in patients with decompensated heart failure, and

the associated therapies. Adequate perfusion is indicated by normal mentation, adequate urine output, and warm

extremities,

TREATMENT OF HEART FAILURE

General Approach

All patients with heart failure should limit their inges-
tion of salt. Patients with mild-to-moderate heart failure
can accomplish this aim by eating low-salt foods and not
adding extra salt to prepared foods. Patients with more
severe heart failure may need to limit their salt intake
to <2 grams of sodium per day. Restriction of fluid
intake is usually not necessary except in the most severe
cases. Patients with heart failure should be encouraged
to exercise regularly, and all potentially modifiable risk
factors for atheroscletosis should be addressed, includ-
ing smoking cessation, lipid control, and weight loss.
Avoidance of alcohol and illicit drugs are also important
aspects of heart failure therapy.

The management of the individual patient with heart
tailure depends, in part, on the eticlogy of their disease
and the acuity of their symptoms. Potentially reversible
causes should be sought out and specific treatment
initiated. Treatment of the patient with acutely decom-
pensated heart failure is aimed at improving systemic

perfusion, decreasing congestion, and establishing 2
stable hemodynamic state. The goals of long-term
therapy of the compensated heart failure patient are the
control of symptoms, prevention of decompensation,
and reduction of mortality.

The choice of specific therapy for the decompensated
patient should be directed by their clinical presentation,
i.e,, whether they present with signs of congestion,
hypoperfusion, or both. The hemodynamnic status of
these patients (.e., congested with adequate perfusion,
hypoperfused, or congested and hypoperfused} and the
most appropriate regimen for their treatment can often
be determined by answering two simple questions (see
Figure 19-1):

* Is the patient wet (i.¢., volume-overloaded with pul-
monary and peripheral congestion) or dry?

* s the patient adequately or inadequately perfused
(i.e., normal mentation, adequate urine output,
Wartn extremities)?

Invasive hemodynamic monitoring with a PA catheter is
occasionally required and allows for a more precise
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determination of the severity of heart failure. The PA
catheter can also be used to guide therapy in an effort
to norinalize a patient’s hemodynamics (so-called “rai-
lored therapy™). Ideal hemodynamic parameters in
patients with chronic heart failure include a pulmonary
capillary wedge pressure (PCWP) ~15-18mum Hg, right
atrial pressure <8mm Hg, cardiac index 22.2 1./min/m?,
and a systemic vascular resistance (SVR) of 1000-1200
dynes/sec/cm .

Treatment of Systolic Heart Failure

Pharmacological Therapies

The pharmacological therapy of systolic heart failure
centers around the control of excess body water, reduc-
ton of aftericad, and augmentaton of contractility.
These hemodynamic changes help to normalize cardiac
pressure-volume relationships (see Figure 19-2). Acutely
decompensated patients frequently require intraven-
ous medications (Table 19-2); whereas compensated
patients can be managed with oral therapy (lable
19-3).

In patients with pulmonary congestion or signs of
volume overload, diuretics will wsually improve their
symptoms. Farcsemide, which acts in the loop of Henle,
is the most common diuretic used for treating HE, but
has not been shown to decrease mortality. Thiazide
diuretics, which act in the distal convoluted wbule, are
less frequently used; however, the addition of a thiazide
(i.e., metolazone) to furosemide can be remarkably
effective for inducing diuresis. This combination may
also result in renal potassium and magnesium wasting;
electrolyte levels need to be checked regularly when
using these medications, Spironolactone, an aldosterone
mhibitor, is a relatively weak diuretic but has recently
been shown to decrease symptoms as well as improve
mortality in patients with NYHA (New York Heart
Assodiation) class HI-TV heart failure.

In patients with either asymptomatic left ventricular
systolic dysfunction or symptomatic systolic hearr,
vasodilators are clearly beneficial. "F'hese agents decrease
systemic vascular resistance, therchy decrcasing afrer-
load and improving cardiac output. Angiotensin
converting enzyme (ACE) inlibitors and angiotensin
receptor blockers (ARBs) are the most effective oral
vasodilators. ACE inhibitors decrease the progression
of heart failure, improve symptoms, and decrease
mortality in patients with HK. ARBs may be equally
effective but are less well studicd. Hydralazine is a less
elfective vasodilator, but still a useful agent in those

Ciinical Manifestations and Treatment of Heart Failure
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patients who cannot rake ACF. inhibitors or ARBs
because of renal dysfunction or medication intolerance.
In patients with acutely decompensated heart failure,
afterfoad reduction can be accomplished rapidly with
mtravenous nitroprusside or nitroglycerin.

Digoxin is a cardiac glycoside that inhibits the Na*-
K" AT'Pase, resulting in higher intracellular calcium
levels and thereby augmenting contractility. Digoxin
improves symptoms in patients with heart failure and
decreases their need for hospiralization; however, it does
not improve mortality. Many other oral inotropic agents
have been studied and all have shown either no benefit
or increased mortality in HF patients. Dobutamine and
dopamine are beta-agonists, and are effective intra-
venous Inotropic agents especially useful for patients
with decormnpensated HE. These agents augment cardiac
output, itnprove tissue perfusion, and may resulr in brisk
diuresis.

Nitrares are venodilators, and, as such, result in
decreased preload. They are useful for the control of

Normal

CHF

Stroke Volume

Filling Pressure (Preload)

Figure 19-2 Frank Starling curve in heart failure and
the effects of specific agents on stroke volume and
preload. In the normal setting, as filling pressure
(preload) increases, stroke (SV) increases. In heart
failure, the SV is decreased, and an increased preload is
required to maintain the same SV, Diuretics (D) and
venodilators (V) decrease filling pressures without sig-
nificantly improving stroke volume. Arterial vasodilators
(A} and inotropes (I} improve stroke volume without
significantly affecting filling pressures, Combination
therapy with venodilators and arterial vasodilators (A
+ V) both improves cardiac performance and lowers
fitling pressures.
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Intravenous Agents Used in the Treatment of Patients with Decompensated Heart Failure

- - — O —————
Drug Hemodynamic Mechanism of Action Dose Range Side Effects
Effect
Dobutamine TCo, IsvR, o~ and [-adrenergic 2-15pglkg/min Tachycardia, ventricular
JPCWP agonist properties arrhythmias
Dopamine ISVR, 5CO, Renal and splanchnic 1-2 pgfkg/min Higher doses result in
{low dose) «PCWP vasodilation adrenergic stimulation
. and vasoconstriction
Milrinone TTco, LisvR, Phosphodiesterase Bolus: 2550 pglkg Hypotension,
LpCcwe inhibitor increases Infuse: 0.25- tachyarrhythmias
cAMP levels 0.5 pgfkg/min
Nitroprusside  4JSVR, TCO, NO donor, potent 10pg/min, titrating by Coronary “steal,”
LPCWP arterial and venous 20pg/min every 15 cyanide thiocyanate
vasodilation minutes until HD goals toxicity, hypotension
met or hypotension
Nitroglycerin LSVR, «>CO, Decreases ventricilar 50400 ug/min Headache, hypotension
lpcwep filling pressures and
myocardial oxygen
demand, arterial and
venous vasodilation
Furosemide lpewp Loop diuretic; Intermittent bolus ({0~  Volume depletion,

stimulates salt {(and

400 mg} or continuous

hypotension, electrolyte

water) loss

infusion abnormalities

CO: cardiac output; SVR: systemic vascular resistance; PCWP: pulmonary capillary wedge pressure; HD: hemodynarmic; ¢-: no

significant effect.

congestive symptoms, and for control of angina in
patients with concurrent CAD. They do not improve
mortality.

Beta-blocking agents were long thought to be con-
traindicated in patients with systolic HF, owing to their
negatively inotropic effects. However, recently, several
beta-blockers (carvedilol, metoprolol) have been shown
to be both safe and effective in the treatment of heart
fallure; they wmprove symptoms and substantally
decrease mortality. Nonetheless, these agents can lead
to an initial worsening of congestive symptoms. There-
fore, it is important to start these agents at low doses
(e.g., carvedilol 3.125mg twice daily, metoprolol 25ng
daily), increase slowly (titrate upward every 2-4 weeks
as tolerated), and use diuretics for control of congestive
symproms. A general approach to the outpatient man-
agement of chronic heart failure is summarized in
Figure 19-3.

Surgical Therapies

Coronary artery revascularization, either surgically or
percutaneously, should be considered in padents with
heart failure and evidence of ischemic discase. Successful
revascularization may improve contractile function, alle-
viate symptoms, and attenuate the remodeling process.

Ventricular assist devices (VADs) are mechanical
pumps that are surgically implanted into the heart and
can temporarily sustain a patient’s circulation until the
heart recovers or the patient receives a heart transplant.
Presently, VADs are being used only as temporizing
measures; however, in the future these devices may
become a more permanent form of therapy.

Cardiac transplantatdon provides a definite survival
advantage over medical therapy in patents with
advanced heart failure, and is associated with a one-year
survival rate approaching 80% and a S-year survival rate
of approximately 65%. Unfortunately, because of a
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Clinical Manifestations reatment of Heart Failure

in the Management of
Heart Failure

Drug ' improve Decrease Mortdlity’  Prevent Recurrent

Symptoms CHE
Diuretics Yes No No
Digoxin Yes No +-
Inotropes Yes Trmortality No
Direct vasodilators Yes Yes No
ACE inhibitors Yes Yes Yes
Beta-blockers Yes Yes Yes
Spironolactone Yes Yes No

Systolic Dysfunction (LVEF<50%)

? Volume Status

Yolume o
overloaded Euvolemic
Biuretic > ACEI (ARB it ACEl intolerant)
Beta blocker
Spironolactene (class TH-1V HF)
Digoxin
Clinically Progressive
stable SYHIPOms
Continue medical therapy Consider intravenous therapy

Consider evaluation for transplant
or assist device

Figure 19-3 Algorithm for the outpatient management of chronic systolic heart faiture. Initial evaluation of
patients with left ventricular dysfunction should include an assessment of volume status. If signs or symptoms of
volume overload are present, initial management should include diuresis. In the asymptomatic, euvolemic patient,
initial therapy should consist of an ACE inhibitor followed by the cautious addition of a beta-blocker. Spironclac-
tone should be initiated in patients with moderate to severe symptoms. Digoxin should be reserved as a second
fine agent for those patients who remain symptomatic despite the above therapy. If symptoms persist despite
optimal medical therapy, assist device or transplant should be considered.
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shortage of donor hearts, most patdents die while
waiting for a transplant. Approximately 40,000 peaple
die each year from chronic heart failure, while only 2 500
donor hearts become available. As a result of this short-
age, attempts have been made to develop a totally arti-
ficial heart. These self-contained, mechanical devices
have been implanted in just a few patients as part of
experimental trials, and have had short-term siceess,
With further technical advances, these devices may offer
long-terin support for patients with severe heart failure.
Currently, the only absolute contraindications to cardiac
transplantation are other medical conditions indepen-
dent of the patient’s heart failure that would limit his or
her life expectancy.

Treatment of Diastolic Heart Failure

The management of pure diastolic dysfunction is prob-
lematic, as much less is known abour the treatment of
diastolic HF than of systolic HF. Management is aimed
at treating the underlying cause, alleviating congestive
symptoms, and attempting to improve diastolic function
with the use of negatively inotropic agents. Both beta-
blockers and calciun channel blockers appear to be
equally effective in this regard, but may need to be used
in high doses. Dioretics should be used cautiously to
control pulmonary or systemic congestion. Patients
with diastolic dysfunction are very preload-dependent;
overdiurests may result in hypotension, tachycardia, and
worsened diastolic function.

< Cckal W Kerapbh-RoRpepcrAas MyCAHD 5T &poHT. Dy >

Teart failure is an incressingly prevalent
disease thar accounts for billions of health care
dollars.

Initial management of patients with decom-
pensated heare failure should be aimed ac
normalizing volume status and improving
systemic perfusion.

Therapies that have been shown to decrease
mortality in all patients with systolic heart
failure include ACE inhibitors and beta-
blockers. Spironolactone improves mortality
in patients with. class I1-IV symptoms,
Digoxin, nitrates, and diuretics are used pri-
marily for symptom control.

Patients with progressive symproms despite
optimal medical therapy should be considered
for cardiac replacement therapy (VAD or
transplant).

The management of diastolic heart failure pri-
marily consists of wreatment with negative
inotropes and limited diuresis. “Fhese thera-
pies are, however, of unproven benefit.
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Myocarditis is an inflammatory discase of the myocar-
dium thar results from a variety of underlying disorders.
Iis manifestations range from asymptomatic left ventri-
de (IV) dysfunction to fulminant congestive heart
failure (CHF).

EPIDEMIOLOGY

The true incidence of myocarditis is uncertain owing to
the high frequency of asymptomatic cases. It is esti-
mated that the myocardium hecomes involved in 1-5%
of patients presenting with an acute viral illness.

ETIOLOGY
Causes of myocarditis include:
» viral infections (e.g., Coxsackie B, adenovirus,
mfluenza, HEV)
* acure rheumatic fever

Lyme disease (Borrelia burgdorferi)

Chagas’ disease (Tiypayosone cruszi)

toxins (e.g., cocaine, anthracyclines, catechol-
amines),

systemic discases (collagen vascular, autoimmune, or
granulomatous diseases)

hypersensitivity reactions to a variety of antihiotics,
antihypertensives, and anticonvalsants

Myocarditis

The wast majority of cases are the result of viral
infections.

PATHOG EN ESIS

T he offendmg agent or toxin may cause direct myocyte
damage or necrosis. More importantly, an immune
response Is stinmlated, in which macrophages and
T-lymphocytes mfilrate the myocardium and release
pro-inflammatory eytokines such as tumor necrosis
factor and interdleukin-1. This reaction may proceed
for months and eventually result in left ventncular
dysfunction.

 CLINICAL MANIFESTATIONS

History

The typical patient with acute myocarditis is an other-
wise healthy, young adult. The clinical presentation
varies widely. Most cascs arc probably minimally symp-
tomatic and never come to medical attention. Sympto-
matic patients usually present with heart failure of
recent onsct. Other presenting symptoms  include
palpitations, chest pain, syncope, and sudden cardiac
death. Patients may recall a preceding viral syndrome.

Physical Examination

The physical examination is similar to that of other
patients with heart fatlure. Most patients are tachycardic

97
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and moderately dyspneic. A pericardial friction rub
may be present if the pericardium is also inflamed. Signs
of systemic disease should be sought, including
fymphadenopathy (suggests sarcoidosis), rash (suggests
hypersensitivity reaction), and features of acure
rheumatic fever (see Chapter 28).

DIAGNOSTIC EVALUATION

Abnorma] lahoratory ﬁndmg'; in acute myocarditis
include:

* clevated creatine kinase and troponin (¢levated only
int the acute phase)

* cevated erythrocyte sedimentation rate

* abnormal ECG that may show transient ST
elevation, diffuse T wave inversions, atrial and
ventricular arrhythmias

*  elevated acute viral deers

Echocardiography typically demonstrates ventricular
systolic dysfunction that may be ecither global or
regional. Intracardiac thrombi, valvular regurgitation,
and pericardial effusions may also be seen. Nuclear
scanning and contrast-enbanced magnetic resonance
imaging (MRI) can detect the degree and extent of
inflanmation in myocardits, but are of uncertain utility.
Endomyocardial biopsy can definitively establish the
diagnosis of myocarditis; demonstration of an inflam-
matory myocardial infilrate with associated myocyte
damage confirms the diagnosis. However, a negative
biopsy does not exclude the diagnosis, because the his-
tological changes may be short-lived and the mvolve-
ment of the myoccardium may be heterogeneous. Biopsy
should be considered if the clinical evaluation suggests
a specific disorder for which treatment is available;
however, its routine use remains controversial.

DIFFERENTIAL DIAGNOSIS

Acute rnyocardms can mimic acute myocardla] mfarc-
tion (AMI) (chest pain, ST-T wave changes, myocardial
enzyme elevation, and regional wall metion abnormali-
ties). A careful history must be obtained to distinguish
between the two entities. One distingnishing feature is
the pattern of cardiac enzyme elevatdon. Following an
AMI, the creatine kinase MB isoenzyme (CK-MB) rises
within hours, peaks within the first day, and slowly
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returns to normal over the next several days. With
myocarditis, the CK-MB may remain persistently
elevated for days to weeks.

Given the variability in preeematlon and dmgnosns of
this disease, prognostication is difficule. In general,
approximately one-third of patients presenting with
acute myocarditis and LV dysfunction will regain
normal cardiac function; one-third will have persistent,
mild left ventricular dysfunction; and one-third will
develop progressive symptomatic left  ventricular
dysfunction.

TREATMENT

The treatment of acute myocarditis is ]arge]y support-
ive including restricted activity, monitoring for arrhyth-
mias, and institution of routine therapy for heart failure
(see Chapter 19). In certain forms of myccarditis {e.g.,
Lyme disease, Chagas’ disease, acute rheumatic fever)
specific therapy may be of some value; however, in most
forms of myocarditis (i.e., viral myocarditis) immuno-
suppressive and immunologic therapy is of no proven
benefit. Nonsteroidal and-inflammatory agents have
been shown to increase myoecyte damage in animal
models and are contraindicated in the early phase of
myocarditis.

Patients with fulminant myocarditis may develop car-
diogenic shock and require inotropic support or mecha-
nical assist devices (see Chapter 19). Although many of
these patients improve with aggressive medical therapy,
patients with severe, progressive myocardial dysfunction
should be considered for heart transplantation.

1. Viral infections are the most common cause of
myocarditis.

2. Myocarditis can result in diffuse or patchy
mvolvement of the myocardium.

3. Anti-inflatnmarory  and  immunosuppressive
therapy do not have proven benefit for the
treatment of acute myocarditis.
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The cardiomyopathies (CMPs) are primary discases

of the myocardium. They may result from a variety of

conditions, bur can largely be classified into dilated,
hypertrophic, and restrictive forms.

CLASS!FICAT!ON

Th(b(, three classes of C I\lP may be dlstmgulshed
by their morphological appearance and LV function
(Figure 21-1).

* Dilated cardiomyopathy (DCM) is characterized
by left ventricular dilation and systolic dysfunction.
Often, four-chamber dilation is present. Regional
wall motion abnormalities may be present even in
the absence of significant coronary artery disease
(CAD).

Hypertrophic cardiomyopathy (HCM) is charac-
terized by marked thickening of the ventricular
myocardivm, small left ventricular cavity size, and
hyperdynamic systolic function.

Restrictive cardiomyopathy (RCM) is characrer-
ized by normal IV size and systolic tunction, and
impaired diastolic function. Mild ventricular thick-
ening may be present.

There is significant overlap among classcs, and features
of more than one type may be present in the same indi-
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vidual. Diastolic dysfunction is a prominent feature of
all three.

DILATED CARDIOMYOPATHY

Epldemlology

The reported incidence of DCM 1s 5 to 8 cases per
100,000 people per year, kt 15 more cormmoen in males
than in females, and in African Americans than in their
cancasian counterparts.

Eticlogy
A wide variety of disorders can result in DCM,
including:

s viral infections (e.g., adenovirus, enterovirns, HIV)

s immunologic/inflammatory diseases (e.g., systemic
lupus ervthematosus {SLE], rheumatoid arthritis,
scleroderma)

toxins {e.g., alcehol, anthracyclines)

metabolic disorders (hyper- ot hypothyroidism,
beri-beri, selenium deficiency)

*  pregnancy (post-parmm CMP)

tachycardia (atrial fibrillation, atrial fluceer)

In addition, genctic factors may also play a role. In
approximately one-quarter of cases of DCM, the cause

99



< not for sale! > < He IR NpoxasM ! o>

Blueprints in Cardiology

< CRal M RexaBO-ROBRERCHA: MYCAHLR 5T dpodT. py >

v

Normal Dilated

Hypertrophic

Restrictive

Figure 21-1

Schematic representation of left ventricular size and shape ameng the various cardiomyopathies

(CMPs). Dilated CMP results in a large ventricular cavity with thin ventricle walls. Hypertrophic CMP is
associated with a markedly thickened ventricle with a small ventricular cavity. Restrictive myocardial disease
is associated with a normal LY cavity size and mildly thickened ventricular walls,

remains unknown; most of these “idiopathic” cases are
likely the result of prior viral myocarditis.

Clinical Manifestations of DCM

History and Physical Examination

(sce also Chapter 1Y)

Most patients with DCM present between the ages
of 20 and 50 with symptoms of lefe-sided heart
failure. Other manifestations include arrhythmias (atrial
and ventricular tachyarrhythmias), thromboembolic
events {from atrial or ventricular thrombi), syncope, and
sudden cardiac death. The physical examination of
patients with DCM is indistinguishable from that of
patients with other forms of systolic heart failure.

Diagnostic Evaluation

Echocardiography is the main diagnostic modality
in DCM and wsually reveals four-chamber dilation
with depressed IV systolic function. Other routine di-
agnostic studies in a patient with CMP should include
electrolytes, complete blood count, thyroid function
tests, and iron studies. ECG often demonstrates an
interventricular conduction delay and left axis deviation.
Chest x-ray reveals cardiomegaly and may demonstrate
pulmonary congestion.

Patients should be questioned about occupational
exposures, alcohol consumpton, illicit drug use, and

family history of CMP. Stress testing and coronary
angiography are useful in patients in whom the history
suggests underlying CAD. Myocardial biopsy is not
routinely performed.

Treatment

The treatment of DCM is the same as for other forms
of systolic dysfunction (see Chapter 19).

HYPERTROPHIC CARDIOMYOPATHY

HCM is an inherited disorder of the cardiac sarcomere
and is characterized by marked ventricular hypertrophy.
Ir is 2 heterogeneous disease with varied morphologic,
clinical, and hemodynamic manifestations resulting in a
variety of descriptive subtypes, including hypertrophic
obstructive  cardiomyopathy (HOCM), idiopathic
hypertrophic subaortic stenosis (IHSS), and asymmetric
sepral hypertrophy (ASH).

Epidemiology

Patients with HCM typically present in adolescence or
early adulthood. There is an increased risk of sudden
cardiac death (I-6% per year), with the following
factors assoctated with the highest risk:

* younger age at diagnosis (<14 years)
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* history of syncope or nonsustained ventricular
tachycardia

* family history of sudden death

Ten to 15% of patients with HCM progress 1o left
ventricular dilation and systolic dysfunction.

Etiology

At least 50% of cases of HCM are familial, usually with
autosotrial dominant inheritance. Over 70 genetic alver-
ations of at least 9 different genes on 4 chromosoines
{1, 11, 14, £5) have been identified in familial forms of
HCM. These genes encode various proteins of the
cardiac sarcomere, including myosin heavy and light
chains, woponin T and |, vopomyosin, and myosin-
binding protein . "The etiology of sporadic cases of
HCM remains unknown.

Pathophysiology

Marked wventricular hypertrophy (wall thickness >
15 mm, with normal being <11mm) is the hallmark
of HCM; most patients demonstrate asymmetzic septal
involvement. On myocardial biopsy, myocyte hypertro-
phy, myofibrillar disarray, and fibrosis are characteristic
findings.

Asymimetric septal hyperrophy causes a narrowing
of the left venuicdar outflow tract (IVOT) that
worsens during systole. The resulting increase in
flow velocity in the IVOT pulls the anterior mitral
leafler toward the interventricular seprumn (Venturi
effect); this resuits in further obstruction to LV ocutflow
by the mitral valve leaflet and also can result in mitral
regurgitation.

Diastolic dysfunction, mitral regurgitation, and myo-
cardial ischemia also contribute to the symptoms of
HCM. Myocardial ischemia may occur despite normal
epicardial coronary arteries as a result of increased
muscle mass, elevated diastelic filling pressure, in-
creased wall stress, and decreased capillary density.

Physical Examination

Patients with HCM often have a prominent fourth
heart sound and a hyperdynamic precordial impulse.
The dynammic left ventricular obstruction often found in
this disorder produces a coarse, crescendo-decrescendo,
systolic murmur over the left sternal border thac
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increases during expiration or during the strain phase
of Valsalva (see "Table 4-2). 'This feature, and the lack of
radiation to the carotids, distinguishes the murmur of
HCM from that of aortic stenosis.

Diagnostic Evaluation

ECG useally reveals marked left ventricular hypertro-
phy, left amial enlargement, and lelt axis deviation.
Echocardiography is the diagnostic test of choice and
demonstrates marked left ventricular (and frequently
right ventricular) thickening. Systolic anterior motion
of the mitral apparatus, mitral regurgitation, and a
dynamic gradient are other characteristic echocardio-
graphic features.

Cardiac catheterization may also aid in the diagnosis
of HCM by demonstrating a pressure gradient within
the ventricle. This gradient may be quite labile and not
apparent at rest, but may be brought out by the Valsalva
maneuver.

Treatment (see Figure 21-2)

High-dose beta-blockers and calcium antagonists (pri-
marily verapamil) are the mainstays of medical therapy.
These drugs are negatively inotropic, resulting in
decreased LV conwractile force, and, thereby, reduce the
EVOT obstruction. They frequently improve both
symptoms and exercise tolerance. Disopyramide may
also be effective if these agents fail. Diuretics, if clini-
cally indicated, should be used cautiously, as the cardiac
output in IHICM is dependent on adequate preload.

Septal myomectomy (with or without mitral valve
replacement) should be considered for patients with
severe HCM (IVOT gradient >50mmHg) who do not
respond to medical therapy. This procedure signifi-
canely reduces the EVOT pradient in over 90% of
patients, and results in clinical improvement. Alcohol
infusion into the sepral arteries is an alternative to
myomectomy and produces an infarction of the septum
with resulting thinning of the septal myocardium and
relief of the TVOT obstruction.

The role of dual-chamber pacing (may reduce the
IVOT obstructiony and implantable defibrillators (for
prevention of sudden cardiac death) is unclear in HCM.

Atrial arrhythmias are common in HCM. Loss of
organized atrial contraction owing to atrial fibrillation
can result in significant hemedynamic compromise.
"I'hus, attempts should be made to restore and maintain
sinus rhythm in these patients.
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HCM
Asymptomatic
? BB, CCB
Syinptomaric

LB or CCB

Fatlure of Drug Therapy

Septal myomectomy

Mitral valve repair/replacement
Alcohol septal ablation

? Pual chamber PPM

Figure 21-2 Treatment strategy for HCM.

RESTRICTIVE CARDIOMYOPATHY

Pure RCM 15 characterized by diastolic dysfunction in
the absence of a dilated or hypertrophic LV,

Etiology

Restrictive cardiomyopathy may be a primary disorder
(idiopathic) or be secondary to another disease:

* idiopathic (endomyocardial fibrosis, hypere-
osinophulic syndrome)
¢ mfiltrative disorders (amyloidosis, sarcoidosis,

hemochromatosis, glycogen storage disease)
* scleroderina

* carcinoid heart disease

Clinical Manifestations

The presentation of RCM is similar to that of severe
constrictive pericarditis (see Chapter 35). Evidence of
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High risk for SCD*
Amiodarone

ICh

Acrial fibrillation
Pharmacological or
electrical CV

Anticoagulation

Progression to DCM
Standard therapy for DCM

Cardiac transplantation

biventricular failure is usually present, although signs
and syroptoms of right heart failure predominate. The
jugular venous pulsations classically demonserate rapid
X and Y descents (see Figure 4-1)

Differential Diagnosis

RCM may mimic other forms of heart failure; however,
the main differential lies in the distinction between
restrictive cardiomyopathy and constrictive pericarditis
(see below),

Diagnostic Evaluation

In primary RCM, echocardiography demonstrates
normal ventricular size and systolic function and abnor-
mal diastolic function. In secondary RCM, myocardial
thickening and LV and RV systolic dysfunction are often
present.

The distinction between constrictive pericarditis
and RCM is often aided by their hemodynamic profiles.
Both restrictive cardiomyopathy and constrictive peri-
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Normal Restriction

Constriction

Figure 21-3 Left (LV) and right {RV} ventricular pressure tracings in a normal heart, in restrictive cardiomy-
opathy, and in constrictive pericarditis. In the normal setting, diastolic pressure in the LV exceeds that in the RV;
both rise gradually during diastole (black arrow}. In restriction, the ventricles are poorly compliant; diastolic pres-
sures are elevated and ventricular filling results in a rapid rise in pressure followed by diaseasis (the dip and
plateau pattern, or square root sign). Pressure in the LV still exceeds that in the RV owing to a greater
effect of the restrictive process on the LV {gray arrow). In constriction, a similar pattern is seen, but the LV and
RV pressures are identical owing to the homogeneous effect of the constricting pericardium {striped arrow).

carditis demoostrate elevated venous pressures and a
rapid rse and then plateau of diastolic ventricular
pressure (square root sign) {Figure 21-3). However, in
constriction the restraining effect of the pericardium
affects both ventricles equally; therefore, the RV and
LV diastolic pressures remain equal throughout the res-
piratory cycle, even after volumne loading. Most restric-
tive diseases affect the LV in excess of the RV and the
diastolic pressures dissociate with inspiration or volume
loading. The presence of pericardial calcification on
chest x-ray, CT, or MRI also suggests constrictive
discase.

Treatment

The wrearment of primary RCM does not differ dra-
matically from the treatment of other forms of diastolic
heart failure (see Chapter 19). In secondary forins of
RCM, specific therapy (when available) should be
directed at the underlying canse. Venous congestion
should be managed with cautious diuresis, as ventricu-
lar underfilling can result in decreased cardiac output,

hypotension, and hypoperfusion. Atrial fibrillation is
a cominon occurrence, and restoration and mainte-
nance of sinus rhythm should be the goal. Malignant
ventricular arrhythimas can be seen in certrain restrictive
cardiomyopathies, particularly sarcoidosis, and may
require implantable defibrillator placermnent. Cardiac
transplantation should be considered for patients with
refractory symptoms.

DIFFERENTIAL DIAGNOSIS OF
THE CARDIOMYOPATHIES

Other cardiovascular diseases may result in depressed
left ventricular systolic function, abnormal diastolic
function, and/or myocardial thickening, and can therehy
mimic the cardiomyopathies. These conditions include
valvular heart disease, hypertensive heart disease, and
ischernic heart disease. 1t is inportant to identify these
underlying causes, as correction of the primary abnor-
mality may restore cardiac function.
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Dilated cardiomyopathy, hypertrophic car-
diomyopathy, and restrictive cardiomyopathy
afl result in congestive heart falure, but do so
through different mechanisms.

Dilated cardiomyopathy is characterized by
left ventricular (and frequently four-chamber)
dilation, resulting in predominantly systolic
dysfunction.

Hypertrophic cardiomyopathy is character-
ized by severe left and right ventncular thick-
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ening resulting in predominantly diastolic
dysfunction. LV systolic function is usually
preserved.

Restrictive cardiomyopathy is characterized
by impairment of diastolic function and fre-
quently resules from infiltrative disease.
Dilated cardiomyopathy is treared with after-
load reduction, diuretics, and bera-blockers.
Hypertrophic cardiomyopathy is treated with

negatively inotropic medications  {calcinm

channel blockers, beta-blockers).
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.-M_ec_hanisms of

Arrhythmogenesis

Before approaching specific arrhythmias, we shall dis-
cuss the mechanisms of their production. Specialized
cells in the right atrium, known collectively as the sinoa-
trial (SA) node, rhythmically generate electrical im-
pulses and thereby function as the pacemaker of the
heart. These electrical impulses are propagated through
specialized conduction pathways (the His-Purkinje sys-
tem) resulting in the orderly and sequential depolar-
ization of the atria and then the ventricles (see Figure
5—1). Abnormal production or propagation of these
electrical impulses produces arthythmias, whereas ab-
normal conduction of the electrical impulses produces
heart block {see Table 22--1).

PHYSIOLOGY OF THE
ACTION POTENTIAL

Although a comprchens;wc review of the car dtac action
potential (AP) is beyond the scope of this text, some
basic knowledge of cardiac electrophysiology is neces-
sary to understand fully the mechanisis of arrhythmias.
The action potential is the surmmation of the electri-
cal activity of a cardiac myocyte (Figure 22-1). In the
resting state, the inside of the myocyte is maintained at
approximately ~80mV relative to the outside by the
active accumulation of potassium ions (K7) in the cell
and the active expulsion of sodium ions (Na") from
the cell. When the myocyte is depolarized w —60mV
(threshold potential), it becomes highly permeable 1o

Na* and calcium (Ca®™). The subseguent ion fiuxes result
in rapid cellular depolarization (phase 0 of the AP),
which is represented by the QRS complex on the surface
electrocardiogram (ECG). Phases 1, 2, and 3 of the AP
represent stages in cellular repolarization, and are rep-
resented on the surface ECG by the ST segment and T
wave. During these later phases, the myocyte gradually
returns to its resting membrane potential, primarily as
a result of K* efflux from the cell (Figure 22-1, first
panel). During phase 4 of the AP, the membrane poten-
tial gradually, and spontanecusly, depolarizes toward
threshold potential, at which time a new action poten-
tial is generated. This property is known as automa-
ticity. The slope of phase 4 in SA nodal tissue is steeper
that that of other cardiac tissue (Figure 22-1, second
panel); hence, the SA node reaches threshold potential
more quickly than the rest of the myocardium, and
thereby determines the rate of depolarization of the
heart (the heart rate). Knowledge of these fundamental
principles will be helpful in understanding the mecha-
nisms of arrhythmia production and the rationale for
antiarthythmic drug use.

MECHANISMS OF
TACHYARRHYTHMIAS

A Lachyarrhythlma is a cardzac rhythm that prochu_cs a
heart rate greater than 100 beats per minute {bpm).
Most tachyarrhythmias are produced by one of three
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Mechanism of Various Types of Awhythmms .

Mechanism of Arrhythmia Examples .-

‘Tachy- Increased automaticity Atrial, junctional, and ventricular premature complexes
arrhythmias Accelerated junctional rhythim

Accelerated idioventricular rhythm
Ectopic atrial rhythm
Some forms of ventricutar tachycardia

‘Triggered activity Some forms of VT Torsade de Pointes, Bradycardia-
dependent VT, long QT syndrome (early
afterdepolarizations)

Digoxin toxicity (late afterdepolarizations)

Reentry AV nodal reentrant tachycardia
AV reentrant tachycardia (i.e., WPW)
Atrial fibrillation
Arrial flurter
Most forms of ventricular tachycardia

Brady- Disorders of impulse Sinus bradycardia
arrhythmias formation Sinus node dysfuncrion (sick sinus syndrome)
Junctional and ventricular escape rhythms
Disorders of impulse Sinus nodal exit biock
conduction (heart block) 1, 2™, and 3™ degree AV block

Infranodal {His-Purkinje} block

Myocyte action potential Sinus node action potential

0

- B0 //

- 60 —

Figure 22~1 The action potential of ventricular myocardium and sinus nodal tissue. The slope of phase 4
repolarization is steeper in SA nodal tissue and accounts for its faster rate of spontaneous depolarization. See
text for details.
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Figure 222 Delayed afterdepolarizations.
Oscillations of the membrane potential {arrow) may
reach threshold potential and rigger recurrent
depolarization,

mechanisms: increased autouaticity, triggered activity,
or reentry. Almost all cardiac tissue demonstrates auto-
maticity. The SA node’s antomaticity results in an inher-
ent heart rate of 60-100bpm. Other cardiac tissue has
slower automaticity and, thus, is suppressed by the SA
node activity. Occasionally an area of the myocardium
develops abnormally increased automaticity (steeper
slope in phase 4 of AP) and thereby stimulates a tachy-
arthythmia. The abnormal focus of depolarization may
arise in the atrial tissue (e.g., atrial premature com-
plexes, ectopic atrial tachycardia), the AV node (e.g.,
junctional tachycardia), or the ventricular myocardium
(e.g., ventricular premature complexes, idioventricular
rhythmy}.

In normal cardiac tissue, low-amplitude oscillations
of the transmembrane potential occur during (early
afterdepolarizations) or at the end of (delayed afterde-
polarizations) electrical repolarization (Figure 22-2).
In abnormal myocardivm, higher-amplitude oscillations
may develop and cause the membrane potential to reach
threshold prematurely, thereby “wiggering” another
action potential. Examples of triggered automaticity in-
clude digitalis-induced arthythmias and some foris of
ventricular tachycardia {e.g., Torsade de Pointes).

Reentry is a comimon mechanism of arrhythmogen-
esis and reflects the formation of an abnormal electrical
circuit in the heart. Tiwo distinct electrical pathways in
the myocardiumn, each with differing electrical proper-
ties, form this circuit. One pathway conducts rapidly but
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Figure 22-3 The mechanism of reentry. A: In the
normal setting, the atrial impulse enters the superior
aspect of the reentrant loop (a) and then travels down
both the fast (b} and slow {c) pathways. Upon reaching
the inferior aspect of the loop, the impulse travels dis-
tally (d) and retrograde up the slow pathway (e} where
it is extinguished. B: A premature impulse enters the
loop (a) and finds the fast path refractory (b). It then
proceeds down the slow path (c) and then both dis-
tally (d) and retrograde up the fast pathway (e}, where
it then reenters the loop (f}).

repolarizes slowly, whereas the other pathway conducts
slowly and repolarizes rapidly (Figure 22-3). These
characteristics allow an electrical loop to be formed and
an Impulse to reenter the loop in a continuous fashion.
The reentrant circuit can occur in a small focus of
myocardium {a micro-reentrant circuit) or can involve
anatomically  distinet pathways (2 macro-reentrant
circuit). Examples of reentrant arrhythmias include
atrioventricular nodal reentrant tachycardia (AVNRT),
atrioventricular reentrant tachycardia {AVRT) (using
a bypass tract; Le., Wolff-Parkinson-White [WPW]
syndrome), atrial flutter, atrial fibrillation, and most
ventricular tachycardias,

MECHANISMS OF BRADYARRHYTHMIAS

A bradyarrhythmia is a rhythm that produces a heart
rate of less than 60bpm. Bradyarrhythmias may arise as
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a result of abnormally slow impulse formation by the
simus node, or as a result of impaired conduction of
an impulse to the remainder of the myocardium. When
the sinus node slows its rate of depolarization (sinus
bradycardia) or fails to depolarize altogether (sinus
arrest), the area of the heart with the pext fastest in-
herent depolarization rate (usually the AV pode) will
take over as the pacemaker of the heart. The AV node
will then beat at a rate of 40-60 bpm (junctional rhythm).
If the AV node fails, the ventricular myocardium will
beat at a rate of 20-30bpm (idioventricular rhythm).
Rirythins such as these, which are unmasked by failure
of a faster pacemaker site, are referred to as “escape
rhythms.”

Bradycardia may also result from failure of a normal
impulse to be propagated through the conduction
system. This is termed heart block. Heart block
can occur anywhere along the conduction system,
although it most commonly occurs at the AV node.
The block can be partial (1* or 2™ degree block) or
complete (3" degree block), and can be intermittent or
persistent.
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Tachyarrhythmias produce heart rates of
>100 bpm; bradyarchythmias produce rates of
<60bpm.

Speaific ion fiuxes result in depolarization and
repolarization of the myocyte and generate the
cellular electrical activity known as the action
potential,

Automaticity refers to the inherent ability of
cardiac tissue to produce spontaneous action
potentials,

The SA node pormally has the fastest auto-
maticity and, thus, functions as the pacemaker
of the heart.

Three mechanisms that produce tachyar-
thythmias include increased automaticity,
triggered activity, and reentry.

Mechanisms of bradycardia incdude delayed
or abnormal impulse formation and impaired
impulse conduction.
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Tachycardias are defined as arrhythmias that pr('ul.‘uce
heart raves of 2100 beats per minute (hprm).

ETSOLOGY

1]18 three main mechanisms that peri?CC tach-

yarrhythinias, enhanced automaticity, triggered activity,

and reentty, are discussed in detail in Chapter 22 and

will be referred to here in the context of specific

arrhythinias. Tachyarrhythmias are more likely to oceur

in patients with underlying structural heart discase,

including:

* prior myocardial infarction (MI)

* left ventricular aneurysm

* cardiomyopathy

* valvular disease

¢ hypertrophic heart disease

* arrhythimogenic right ventricular dysplasia

However, even a structurally normal heart may develop

tachyarrhythmias in certain circumstances, including in

the setting of:

» increased catecholamines (e.g., fear, pain, anxiety)

¢ metabolic sbnormalities (e.g., hyper- or hypokalemia,
hypomagnesemia, hypocalcemia, hyperthyroidism)

» drugs (e.g., caffeine, cocaine, ethanol)

Tachyarrhythmias

» medications (e.g., beta-agonists, theophylline, antiar-
rhythinic agents, thyroid hormone replacement).

CLINICAL MANIFESTATIONS

History

Patients with tachycardias may be asymptomatic, mildly
symptomatic, or in fulminant hemodynamic collapse.
Additionally, the same type of tachyarrhythmia oc-
curring at the same rate can produce vastly different
symptoms in different patients. The symptoms of
tachyarrhythmias may be intermittent or persistent and
may include:

* palpitations

* lightheadedness or dizziness

= syncope

¢ chest pain

¢ dyspnea

Many of these symptoms relate to a fall in cardiac output

resulting from decreased time for ventricular filling
during tachycardia.

Physical Examination

It is essential to measure the blood pressure of a patient
with tachycardia in order to assess the hemodynamic
significance of the arthythmia. Arrhythmias that re-
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sult in hypotension (systolic blood pressure [SBP]
<90mmHg) require nrgent treatment. Palpation of the
arterial pulse will reveal the regilarity and rate
of the rhythm and examination of the jugular venous
pulsations may demonstrate cannon A waves suggesting
atrioventricular (AV) dissociation {sec below), a sign
that is highly suggestive of ventricular tachycardia, Vari-
ability of the first heart sound (8, and an intermittent
S; and 5; may also suggest AV dissociation. Auscultation
of the lung fields may reveal rales {crackles) consistent
with pultmonary vascular congestion, a finding that indi-
cates either underlying left ventricular dysfunction or a
more hemodynamically significant arrhythimia.

DIFFERENTIAL DIAGNOSIS

Tachycardias can arise from any part of the heart,
including the sinus node, atria, AV node, His-Purkinje
system, or ventricles. The most frequently encountered
tachyarrhythinias are cutlined in Table 23—,

DIAGNOSTIC EVALUATION

The electrocardiogram (I2CG) is the primary tool for
differentiating among various tachyarrhythmias. Deter-
mining the exact type of tachyarrhythmia present can be

Differential Diagniosis of Tachyarrhythmias -

QRS Morphoiogy Pattern
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difficult, but it is essential for selecting appropriate
therapy. ‘The most important aspect “of diagnosing
a tachyarthythmia is determinihg whether it is a
supraventricular tachycardia (SVT) that arises from
the atria or AV node, or a ventricolar tachycardia (V)
that arises from the ventricular myocardium. 'Fhe QRS
morphology helps 1o distinguish these arrhythmias;
those with a narrow QRS complex (<0.120 seconds)
are almost always SV, whereas those with a wide
ORS complex (>0.120 seconds) may be VT or SVT
with aberrant conduction. Two other diagnosticaily
helptul features on the ECG are the regularity of the
rhythim and the presence or absence of P-waves (see
Table 23-1).

TREATMENT OF TACHYARRHYTHMIAS

In general, the goals of therapy of SVT are to control
the ventricular rate and to wrminate and prevent recur-
rences of the arrhythmia. The following methods are
available:

* vagal manewvers (e.g., carotid sinus massage) or
adenosine to block AV nodal conduction transiently

* AV node-blocking drugs (e.g, calcium channel
blockers, beta-blockers, digitalis) to slow the con-
duction of the arrhythmia to the ventricles

Exarnples

Narrow complex Regular

Sinus tachycardia

Ectopic atrial tachycardia

Atrial flutter

Junctional tachycardia
AV nodal reentrant tachycardia (AVNRT}
COrthodromic AV reentrant tachycardia (AVRT)

Irregular

Atrial fibrillation (P waves absent)

Muitifocal atrial tachycardia (=3 different P waves present)
Azrial flucter with variable conduction {flutter waves present)

Wide complex Regular

Ventricular tachycardia

Supraventricular tachycardia with aberrancy, including antidromic AVRT

irregular

Atrial fibrillation with aberrancy
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e antiarrhythmic medications to restore and maintain
normal sinus rhythin

* synchronized electrical countershock (cardiover-
sion) to restore normal sinus rhythm

* radiofrequency ablation with catheters o modify or
destroy reentrant circuits (atrioventricufar nodal
reentrant tachycardia JAVNRT], atrioventricular
reentrant tachycardia {AVRT], atrial flutter).

Ventricular tachyarrhythmias are frequently hemody-
namically unstable rhythms that require urgent/emer-
gent therapy. Vagal maneuvers and AV node-blocking
drugs are not cffective in this setting. The mainstays of
treatment are electrical defibrillation t emergently
convert hemodynamically unstable rhythms, and anti-
arthythmic medications to convert hemodynamically
stable V'T" back to sirus thythe, as well as to prevent
recurrences. Placement of an implantable defibrilla-
tor/cardioverter (ICD) may be indicated w prevent
sudden death when these ventricular tachyarrhythinias
recur.

FEATURES OF SPECIFIC
TACHYCARDIAS

Sinus Tachycardia

Sinus wachycardia almost always occurs as a response
to some physiological stimulus (e.g., fever, exercise,
volume depletion, thyrotoxicosis, hypotension). The
ECG demonstrates normal-appearing P waves (inverted
in lead aVR, upright in lead H), and the rate rarely
exceeds 200bpm. If the increased heart rate is causing
symptoms, it can be slowed with the AV nodal-blocking
drugs mentioned above; however, in general, the treat-
ment of sinus tachycardia should be directed toward
correcting the underlying cause,

Ectopic Atrial Tachycardia

Atrial tachycardias originate from an area of the atria
distinct from the AV node, have similar triggers as does
sinus tachycardia, but may occur in the absence of an
identifiable precipitant. Frequently the ECG demon-
strates P waves that are inverted in the inferior leads
(leads 11, I1I, aVF) and upright in lead aVR, reflecting
the origin of this arrhythmia from the inferior aspect of
the atria. "Trearment is similar to the treatment of sinus
tachycardia. Chronic treatment with beta-blockers or
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calcium-channel blocking drugs may be required to
Prevent recurrences.

Multifocal Atrial Tachycardia

(MAT) (Figure 23-1)

MAT is a form of atrial tachycardia in which multiple
areas of the atria generate mmpulses. It is most com-
monly seen m patients with severe hung discase. The
ECG demonstrates an irregularly irregular rhythm with
23 different P-wave morphologies and 23 different PR
intervals. The heart rate is uwsually difficult to control,
although verapamil may be effective. The mainstay
of therapy involves treatment of the underying hung
disease.

Atrial Fibrillation (Figure 23-2)

Atrial fibrillation (AL} is one of the most common
types of SVT. The risk factors for A¥ include rheumatic
heart disease, hypertension, congestive heart failure,
and advanced age. During AF the atria fibrillate at
~400-600 bpm but produce no effective atrial contrac-
tion. This predisposes to the forination and subsequent
embolization of atrial cddots, and accounts for the almost
five-fold increase in stroke risk in patients with AF
compared with those in normal sinus thythm. The loss
of atrial contraction decreases atrial filling and can sig-
nificantly reduce cardiac output, especially in patients
with reduced LV systolic function. The ECG in atrial
fibrillation demonstrates no P-waves, and an irre-
gularly irregular ventricular rhythm, usually at a rate of
100-170bpm.

There are three goals of treatment for AL

* rate control
* stroke prevention

* restoration and maintenance of sinus rhythm

Figure 23-1

Multifocal atrial tachycardia. Note the
irregular rhythm and various p wave morphologies
{arrows).
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Figure 23-2 Atrial fibrilfation.
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Figure 23-3 Atrial flutter. Note the coarse flutter
waves (arrows).

The ventricular rate can wsually be controlled with AV
nodal-blocking medications (ideal heart rate: <80bpm).
The risk of stroke in patients with chronic or paroxys-
mal AF can be decreased with the wse of warfarin o
maintain an international normalized ratio (INR) of
~2-3. Younger patients (age <60) without underlying
heart disease, diabetes mellitus, or hypertension (so-
called lone atrial fibrillation) may be treated with
aspirin instead of warfarin, as their risk of embolic
event 1s quite low. AF may be converted 1o normal
sinus rhythm electrically or with antiarthythmic
agents (class 1A or class I1I}. Unless required because of
hemodynamic compromise, cardioversion should be
avoided until the patient has been therapeutically
anticoagulated for at least three weeks, or has been
shown to be free of atrial thrombi by transesophageal
echocardiography.

Atrial Flutter (Figure 23-3)

Atrial flutter s caused by a macro-reentrant circuit in
the atrium, Most individuals with this rhythm tend to
revert spontaneously to sinus thythin or develop atral
fibrillation. The ECG demonstrates “flutter waves,”
which have a “sawtooth” appearance in leads IE, TTE, and
aVE, and occur at a rate of 250-350bpm. However, the
usual ventricular rate is one-half of this (2:1 block),
because of the inability of the AV node to conduct at
such rapid rates (decremental conduction). Predisposing
factors and treatment are the same as for atrial fibrilla-
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tion, In addition, radiofrequency ablation (see Chapter
9) may cure this rhythm.

AV Nodal Reentrant
Tachycardia (Figure 23-4)

AVNRT results from a small reentrant loop (micro-
reentrant circuit) within the AV node itself. AVINRT is
wsually initiated by a premature amial beat and
propagates at a rate of 170-220bpim. The ECG demon-
strates a regular tachycardia, either without discernable
P-waves, or with P-waves cccurring after the QRS
complex (“retrograde P-waves”). AV nodal-blocking
drugs are the treatment of choice and stop the arrhyth-
mia by slowing conduction through the reentrant
circuit, Radiofrequency ablation may be curative.

Atrioventricular Reentrant Tachycardia

AVRT involves a large reentrant loop (macro-reentrant
circuit) with one limb of the circuir including the AV
node and the other being an abnormal connection
between the atria and ventricles (an accessory bypass
tract). The most common type of bypass tract occurs in
the Wolff-Parkinson-White syndrome (WPW). The
ECG in this syndrome demonstrates a delta wave in
normal sinus thythm owing to partial preexcitation of
the ventricles via rapid conduction of the atrial impulse
through the bypass tract (Figure 23-5). AVRT is wsually
initiated by a pretature bear and may be associated
with a narrow QRS complex if the circnit proceeds
down the AV node and up the bypass tract (orthodromic
AVRT). If the drcuit proceeds in the opposite direc-
tion (antidromic AVRT), a wide QRS complex occurs.
Treatment is the same as for AVNRT. Care tust be
taken when patients with bypass tracts develop atrial
arrhythmias (e.g., atrial fibnllation or flutter). H AV
nodal blocking agents are given in this situation, the
impulses will be preferentially shunted rapidly down the
bypass tract and ean precipitate hemodynamic collapse.
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Figure 23-4 AV nodal reentrant tachycardia. (a) No P wave is seen {hidden in QRS). {b) Retrograde P waves
are seen in the ST segment {arrows).

Figure 23-5 Wolff-Parkinson-White syndrome. Note the shurred upstroke of the QRS (delta wave) and the
short PR interval.

Figure 23-6 Ventricular tachycardia. Note the wide QRS and evidence of AV dissociation (P waves marked
by arrows).

Ventricular Tachycardia (Figure 23-6) * prior myocardial infarction

Ventricular tachycardia (V'T) is usually associated with  * cardiomyopathy (ischemic or non-ischemic)
symptoms and may cause sudden death. Itis usually pro-
duced by a reentrant circuit located in either venwricle,
and is seen most often in the following circumstances:

electrolyte abnormalities (e.g., hypokalemia, hypo-

magresemia)

*  drug roxicity (e.g., digitalis)

* acute cardiac ischemia resulting from coronary * congenital abnormalities (e.g., right ventricular
artery disease (CAD) dysplasia)
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Onset of polymorphic VT

Figure 23~7 Polymorphic ventricular tachycardia (Torsade de Pointes). The underlying rhythm is sinus
{note P waves) with a long QT. Multiple premature ventricular complexes are present and induce a ventricular

couplet and then polymorphic VT,

The ECG in VT manifests a regular, wide-QRS-
complex tachycardia. Occasional P waves may be seen
but have no relation to the QRS complexes. This lack
of association between the electrical activity of the
atria and ventricles, referred to as AV dissociation, is a
hallmark of V'T.

Torsade de pointes is a specific form of VT in which
the axis of the QRS complex constantly changes, causing
a “waxing and waning” QRS amplitude on ECG (Figure
23-7). This type of VT is frequently the result of
drug toxicity and can also be seen in patients with an
abnormally prolonged QT mterval (congenital long
QT syndrome). Treatment of VT includes direct cur-
rent countershock if it is hemodynamically unstable,
and pbarmacologic therapy with antarrhythroic drugs
including fidocaine and amiodarone. Recurrences of
VT may be prevented by antiarthythmic medications or
treated by implantation of a cardioverter-defibrillator.
Torsade de pointes may be treated with magnesiom or
by pacing the ventricle at a faster rate (overdrive pacing).

DIFFERENTIATION OF
WIDE-COMPLEX TACHYCARDIAS

Most wide-complex tachycardias (QRS complex dura-
tion >0.12 second) are ventricular in origin (e,
VT). However, at times, SVT may present as a wide
complex tachycardia due 10 aberrant electrical conduc-
tion through the His-Purkinje system. Distinguishing
VT from SVT with aberrancy is crucial to pursuing the
most appropriate therapy. Some key features on history,
physical, or ECG favor VT as the diagnosis:

history of CAD and/or recent or prior M1

ECG or physical evidence of AV dissociation
shift in QRS axis from baseline ECG
* (RS duration »0.160 second

Although these signs are not conclusive for VT, if noted
they can aid in the diagnosis.

1. The most important aspect of arrhythrria man-
agement is identifying the particular arrhythnia
present. The presence of P waves, the mor-
phology of the QRS complex, and the regular-
ity of the rhythin are key features in this regard.

2. The main goals of treating supraventricular
tachyarrhythmias are control of the ventricu-
lar rate, restoration of sinus rhythm, and pre-
vention of arrbythmia recurrences.

3. Ventricular tachyarrhythmias are frequently
hemodynarmically unstable rhythms that re-
quire urgent/emergent cardioversion to restore
sinus rhythm.

- 4. Wide complex tachyarrhythmias may be ven-
tricular in origin or may originate in the atria
but conduct aberrantly to the ventricles. Fea-
tures that favor VI over SVT in this setting
include a history of CAD or cardiomyopathy,
QRS duration >160 milliseconds, evidence of
AV dissociation, and a shift in the QRS axis
from baseline.




< not for salel > < He s ppopssn b o>

< CRAH M EeXARR-ROHBeROMA: MYCAHI =T $podT. Ry >

Heart

When an individuals heart rate (HR) falls below
60bpm, the rhythm is termed a bradycardia. When
the normal conduction from the atria to the ventricles
is delayed or interrupted, heart block is present.
Bradycardia may occur with or without heart block, and
heart block may occur with or without bradycardia.
In general, bradycardia is a benign thythm unless it
produces symptoms, whereas heart block is usually
more ONNonS,

ETIOLOGY

Although the causes for bradyarthythmias are varied, it
is useful to think of them in terms of functional or struc-
tural abnormalities (sce Table 24-1). Functional ab-
normalities produce bradycardia by depression of
impulse generation and can result in heart block by
slowing (and eventually preventing) conduction through
the atrioventricular {AV) node and His-Purkinje system.
In general, functional abnormalities are the result of
autonomic (predominantly increased vagal tone) or
pharmacological influences, and are reversible upon
treating the precipitating cause. Structural abnormali-
ties, on the other hand, reflect inherent conduction
systern disease and are frequently progressive and
require definitive treatment.

Block)

CLINICAL MANIFESTATIONS
History |
The clinical importance of bradycardia rests almost
entirely on the symptoms it produces; nonetheless,
many individuals are asymptomatic despite very stow
heart rates. If symptoms do develop, they usually reflect

decreased cardiac output/low blood pressure and
include:

*  SYyNCope or near-Syncope

* angina pectoris

¢ dizziness and lightheadedness
¢ congestive heart failure

*  confusion

s faiigue

Patients may also expetience palpitations, the pattern of
which depends on the type of arthythmia present.

Tt is essential to obtain 2 thorough medication history
to exclude possible medication-induced bradyarrhyth-
mias, and to perform a review of systems aimed at
identifying underlying disorders or precipitating causes
(e.g., headaches, nausea, pain, etc., resulting in increased
vagal tone).

117
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Causes of Bradycardia and Heart Block

Category Examﬁles Treatriient
Functional ~ Autonomic  Increased vagal tone (fear, Gl disorders, acute IMI, Atropine for vagal episodes
influences increased ICP, C55)
Decreased sympathetic tone (hypothyroidism) Thyroid replacement
Medications  Beta-blockers Stop medications; Specific
Calcium channet blockers antidotes for overdose*
Digoxin
Antiarrhythmic agents
Structural Fibrosis of SA and/or AV node Pacemaker is usually indicated,

Infiftradion of SA and/or AV node (amyloidosis,

sarcoidosis)
{schemia or infarction

especially if symptormatic

Congenital complete heart block

*Glucagon for beta-blocker overdose, intravenous caleium for calcium channel blocker overdese, digoxin andbodies for

digoxin overdose.

Gl: gastrointestinal; 1MI: inferior myocardial infarction; ICP: intracranial pressure; CSS: carotid sinus sensitivity.

Physical Examination

Aside from revealing a slow heart rate, the examination
of patients with bradyarrhythmias may be unremark-
able. It is essential 1o measure the blood pressure 10
exclude hypotension (SBP < 90mmHg) and to deter-
mine the hemodynamic significance of the rhythm and
the urgency of therapy. In patients with AV dissociation
(e.g., complete heart block), cannon A waves may be
seen in the jugular venous pulsations, and cardiac aus-
cultation may demonstrate a variable intensity of S, and
an intermittent 5; or S,. Palpation of the carotid arter-
ies may provoke further slowing of the heart rate in
patients with carotid sinus hypersensitivity.

DIFFERENTIAL DIAGNOS!S

The term bradyarrh}, thmias encompasses a varicty of
rhythm abnormalities. In general, these thythms can be
distinguished through close inspection of the surface
electrocardiogram (ECG). Occasionally, electrophysio-
logical testing is required to clarify the nature of the
arrhythimia (see Chaprer 9).

Sinus Bradycardia

Sinus bradycardia is marked by a heart rate less than
60bpm and a normal-appearing P-wave preceding
each QRS complex. It is generally a benign rhythm
cagsed by medications or increased vagal tone. The
latter mechanism accounts for the sometimes marked
bradycardia (HR < 50 bpmy) that occurs during sleep and
is seen in many athletes. Other conditions associated
with  sinus  bradycardia incdude hypothyroidism,
hypothermia, advanced liver disease, and intrinsic
disease of the sinoatrial (SA) node,

Sinus Node Dysfunction (SND)

This condition may result from infiltration (e.g.,
amyloid) or fibrosis (e.g., normal aging) of the SA node
and can result in sinus bradycardia, intermittent pro-
fonged sinus pawses (Figure 24-1), or complete sinus
arrest. It reflects failure of the SA node 1o generate an
electrical impulse (sinus pausc or arrest) or failure of the
impulse to propagate beyond the region of the node
(sinus exit block). If the SA node slows or pauses long
enough, junctional or ventricular escape rhythms will
supervene. Sick sinus syndrome (8S8S) refers to the
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Figure 24-1 A prolonged sinus pause.

Bradyarrhythmis (adycardia and Heart Bioclk}
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Figure 24-2 Tachy-brady syndrome.There is a run of supraventricular tachycardia followed by a moderate
pause.

association of SND with symptomatic bradycardia. In a
subset of patients with S8S intermittent tachyarrhyth-
mias (e.g, atrial fibrillation) alternate with brad-
yarthythmias (tachycardia-bradycardia syndrome)
(Figure 24-2).

AV Node Conduction Disorders
(Heart Block)

Even in the presence of normal SA node function and
a normal rate of impulse formation, bradycardia can
still develop if the impulse cannot propagate (i.e., is
“blocked”) through the AV node. This may occur 25 2
resele of functional or structural influences (see kable
24-1). Varying degrees of heart block can occur and can
be intermittent or persistent. The degree of block can
he diagnosed on a 12-lead ECG by observing the rela-
tionship between depolarization of the atria (the P-
wave) and ventricles {the QRS complex). In 1" degree
AV block there is fixed prolongation of the PR interval
(>200msec) representing slowed conduction through
the AV node (Figure 24-3).

Higher degrees of AV block (2™ and 3 degree) are
associated with the failore of atrial impulses to conduct
to the ventricles (a P-wave occurs without a resultant
QRS complex). In 2™ degree beart block the failure
of AV conduction is intermittent and may occur in two
different patterns:

=  Mobitz I (Wenckebach)
* Mobiz II

_ PR ~.36O msec

Figure 24-3 First degree AV blocl.

In the Wenckebach type, the PR interval progressively
prolongs until a P wave fails to conduct and the subse-
quent QRS complex is “dropped” (Figure 24-4). This
may occur sporadically or in a fixed partern (e.g., every
3 or 4™ heat), is usually the result of increased vagal
tone, and is a refatively benign rbythm. In Mobiw 11
heart block, the PR interval remains constant for all
conduacted beats; however, occasionally one or more P-
waves fail to conduct to the venuicles {(Figure 24-5).
This form of 2™ degree heart block is usually the result
of structural disease, is frequently associated with symp-
toms, and may progress to higher degrees of block.
The most severe form of AV nodal block is 3 degree
heart block (complete heart block). This ts characterized
by complete inability of any atrial impulse to pass through
the AV node. Thus, the ECG demonsirates normal P-
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200
msec

280
msec

360
msec

410

msec Blocked

Figure 24-4 Mobitz |, second degree heart block (Wenckebach). Note the progressively prolonged PR interval
preceding the non-conducted P wave.

Figure 24-5 Mobitz Ii, second degree heart block. Note the non-conducted P waves {arrows) in the absence

of progressive PR prolongation.

Figure 24-6 Complete heart block. Note that the P waves (arrows) march out faster than and independent of

the QRS complexes.

waves without associated QRS complexes (AV dissocia-
tion) (Figure 24-6). When cotplete heart block occurs,
the AV node (junctional escape rhythm) or ventricular
myocardium (ventricular escape rhythin) takes over as the
heart’s pacemaker; their intrinsic rates are slower than
that of the SA node, and, thus, bradycardia ensues.

DIAGNOSTIC EVALUATION

The most 1rnpnrt3nt dlagﬂ()stlc test in the evqiuauon of
bradyarrhythmias is the 12-lead ECG. Careful inspec-

ton for the presence and pattern of P-waves and their
relationship to the QRS complexes will usually allow
recognition of the specific arthythmias noted above.
Owing 1o the intermittent nature of these conduction
disturbances, prolonged monitoring with Holter moni-
tors or event recorders (see Chapter %) is sometimes
required to identify these arrhythmias in patients with
suggestive symptomns. Rarely, the mechanism of brady-
cardia or heatt block cannot be determined on ECG and
electrophysiological study is vequired. An evaluation of
thyroid function is warranted in patients with bradycar-
dia, and a thorough review of medications is necessary.
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Tni the absence’ of ‘symptoms, bradycardia itself does
not generally require treatment. Similarly, 1% degree
heart block and Wenckebach block are generally
benign rhythms with littde clinical implications. In
many instances, correcting the underlying cause {e.g:,
hypothyroidism, hypothermnia) may restore a normal
heart rate. Drugs that slow conduction should be dis-
continued and ischemia or infarction should obviously
be treated. In patients with symptomatic bradycardia,
and in most patients with higher degrees of heart block
(2™ degree Mobitz type I and 3" degree), treatment is
warranted, Atropine may increase the heart rate acutely
when the cause of the arrhythmia is functional, but can
worsen: heart block that occurs on a structaral basis.
Patients with persistent symptomatic bradycardia de-
spite removal of aggravating causes, and those with
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- SND or higher degrees of heart block, generally require
"~ implantation of a permanent pacemaker.

1. Sinus bradycardia is usually a berign rhythm
caused by medication or increased vagal tone.

2. Sick sines syndrome refers to the association
of sinus node dysfunction with sympromatic
bradycardia.

3. Second degree heart block, type I (Wencke-
bach) is associated with progressive prolonga-
tion of the PR interval until a nonconducted
P wave occurs. Second degree heart block,
type L1, is associated with a nonconducted P
wave in the absence of preceding progressive
PR prolongation.
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Syncope is the sudden, transient loss of conscicusness
and postural tone followed by spontaneous recovery.
Presyncope is the sensation of impending syncope
without loss of consciousness.

EPIDEMIOLOGY

Syncope is a common clinical entity, accounting for
approximately 3% of emergency room visits and 6%
of all hospital admissions. The incidence of syncope
increases with advancing age, and approximately one-
third of the population will suffer an episode of syncope
at some point in their lifetime.

PATHOPHYS!OLOGY

SynC()pL can result from a variety of cardmvaqcuiar
or non-cardiovascular causes, The common physio-
logical link among all cardiovascular causes of syncope
is a transient decrease in cerebral blood flow. This
usually results from a sudden fall in blood pressure,
producing  bilateral cortical or bramstem hypoper-
fusion. Unilateral carotid artery disease is unlikely to
cause syncope. Non-cardiovascular causes of syncope
produce loss of consciousness by inducing diffuse brain
dysfunction via electrical or metabolic derangement.
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DIFFERENT!AL DIAG NOS!S

The cardlovascu]ar causes of syncope can he %parated
into those that are reflex-mediated, and those resulting
from a structural cardiac problem (Table 25-1). The
most common type of reflex-mediated syncope is vaso-
vagal syncope (also known as neurocardiogenic syncope)
in which various stimuli trigger the sudden develop-
ment of vasodilation (“vaso”) and bradycardia (“vagal”),
resulting in hypotension. Vasovagal syncope precipi-
tated by a specific trigger (such as coughing or mictuni-
tion) is referred to as situational syncope. A similar
reflex can be provoked in some people by applying
gentle pressure over the carotd artery (carotid sinus
hypersensitvity). ‘This may result in vasodilation
(vasodepressor response), bradycardia, or both. Ortho-
static hypotension resulting from volume depletion or
antihypertensive medication is another frequent cause
of syncope.

Structural cardiac disease and arrhythmias account
for approximately 15-20% of all syncope. Common
mechanical causes include aortic stenosis and hyper-
trophic obstructive cardiomyopathy (HOCM); mitral
stenosis, pulmonary hypertension, and cardiac tampon-
ade are less common causes. Both bradyarrhythmias
(sick sinus syndrome, atrioventricular [AV] node block-
ade, etc)) and tachyarrhythmiss (ventricalar [VT] or
supraventricular [SV'T] tachycardia) can result in a fall
in cardiac output, thereby precipitating syncope. It is
noteworthy that SVT rarely causes syncope in the

122
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Cardiovascular Causes of Syncope

Reflex-Mediated (Neurocardiogénic)
Situational (vasovagal)
- Micturition
- Tussive
- Valsaiva
- Post-prandial
Orthostasis
- Volume depletion
- Medications
Carotid sinus hypersensitivity

Structural
Cardiac
- Aortic stenosis
- Mitral stenosis
- Hypertrophic cardiormyopathy
- Atrial myxoma
- Myocardial infarction
- Pericardial tamponade
Vascular
- Pulmonary embolism
- Pulmoenary hypertension
«  Vertebrobasilar insufficiency

Arrhythmic
- Supraventricular tachycardia
- Ventricular tachycardia
- Sinus node dysfunction
- AV nodal block

absence of underlying structural heart disease or 2
bypass tract.

Non-cardiovaseular causes of syncope (lable 25-2)
include neurclogical and mewbolic causes. Psychiatric
Causes are URCOMINON.

CLINICAL MANIFESTATIONS
History

The history is the most important aspect of evaluating
a patient with syncope and frequently gives clues to the
underlying cause. It js important to obtain the history
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n=cardiovascular Causes of Syncope

Central Nervous System
~  Cerebrovascular accident
- Seirure

Metabolic Abnormalities
- Hypoglycernia
Psychiatric
- Anxiety
- Pseudo-seizure

not only from the patient, but also from any witnesses,
and to ask the following questions:

I. What was the patient doing at the time of the
syncopal episode?

2. Were there any symprorss {e.g., chest pain, palpita-
tions} that preceded the event?

3. Is the patient on any medications?

4. Does the patient have a history of heart disease?

5. Was there any sign of seizure activity? Any inconti-
nence, or rongue biting?

6. How long did the patient reinain unconscicus?

7. When the person awoke, was he/she confused?

It is important to identify patients who have a cardiac

cause of their syncope, as their prognosis is much worse

than if they have a non-cardiac cause. Cardiac syncope

is always sudden in onset, may be preceded by chest pain

or palpitations, and resolves spontaneously (usually in

Iess than 5 minutes). The following findings on history

suggest true cardiac syncope:

* syncope following chest pain {suggests myocardial
ischermia/infarction)

* syncope preceded by palpitations (suggests an
arthythmic cause)

* exertional syncope (sugpgests coronary artery disease,
aortic stenosis, HOCM)

* syncope without
arrhythmia)

waining or auwra {consider

Table 25-3 outlines important historic features of
syncope and the diagnoses they suggest.
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Historical Features of Syncope and Suggested Etiologies

" SR
Hlstoncal Feature of Syncopal Episode

Sugygested Couse(s)

Exertional

Associated with chest pain

Associated with palpitations

Patient with history of CAD or cardiemyopathy
Family history of syncope or sudden death

Associated with emotional stress, pain,
unpleasant auditory or visual stimuli

Following cough, micturition, or defecation
After arising from lying or sitting position

After turning head; during shaving

Associated with certain body position

Piuretic medication use

Antiarrhythmic or anti-psychotic medication use
Farkinson’s disease

Aortic or mitral stenosis, HCM, pulmonary hypertension
Myocardial ischemia, pulmonary embolism. aortic dissection
Tachy- or bradyarrhythmias

Ventricular tachyarchythmia

Hereditary long QT syndrome, HCM

Vasovagal episode

Situational syncope (form of vasovagal syncope)
Orthostatic hypotension, hypovolernia

Carotid sinus sensitivity

Arrial myxoma or “ball valve” thrombus
Hypovolemia

Ventricular tachyarrhythmias

Autonomic insufficiency

Premonitory aura, tonic-clonic movements, Seizure
incontinence, or tongue-biting
History of CVA or head trauma Seizure

HCM: hypertrophic cardiomyopathy; CAD: coronary artery disease; CVA: cerebrovascular accident.

Physical Examination

The physical examination should be directed at iden-
tifying potential causes of syncope. It is important to
evaluate the patient for orthostatic changes in blood
pressure and for signs of volume depletion, as well as
to listen for the murmurs of acrtic stenosis, mitral
stenosis, or hypertrophic obsuructive cardiomyopathy.
Carotid sinus massage should he performed if the
history is suggestive, but care must be taken first to
exclude carotid vascular disease (i.e., listen for bruits).

DIAGNOSTIC EVALUAT!ON

Many procedures are available to aJd i deternumng the
etiology of syncope (Table 25-4); however, the use of
these ancillary tests should be guided by results of the
history and physical examinaton. In at least one-third

of cases of syncope, a specific diagnosis cannot be deter-
mined; however, in approximately half of cases in which
a diagnosis is made, it is suggested by the history or
physical examination.

A 12-lead ECG should be obtained in all patients
with syncope unless the history clearly suggests a non-
cardiac cause. The ECG may reveal the actual cause
(i-e., heart block, tachyarrhythmias), or suggest poten-
tial causes (i.e., evidence of ischemic heart disease,
bypass tracts, etc.). In patients in whom an arrhythmia
is suspected but not docamented on ECG, prolonged
monitering with a 24-hour Holter moenitor, event
recorder, or implantable recorder may be helpful. An
echocardiogram is indicated in patients suspected of
having underlying structural heart disease, and may
reveal the cause of the syncope (Le., aortic or ipitral
stenosis), or demonstrate evidence of prior infarction,
thereby raising the suspicion of an arthythmie cause. If
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Diagnostic Modalities in the Evaluation
of Syncopé : :

Syncope Types in Which it
May Be Helpful .-

Diagno'stié Procedure

ECG Arrhythmias, heart block,

conductior: disease
Tilt-table testing Neurocardiogenic

syncope {vasovagal)

Electrophysiological
testing

24-hour Holter

VT, some SVT, some
bradycardias

Arrhythmias that occur

monitor frequently

Event monitor Infreguent arrhythmias (can

monitor for ~ | week)

Implantable loop
monitor

EEG, CT scan
Carotid sinus massage

Very infrequent arrhythmias
{can monitor up to 18mo)

Seizure disorder

Carotid sinus hypersensitivity

VT: ventricular tachycardia; SVT: supraventricular tachycardia;
EEG: electreencephalogram.

Type of Syncope

Treatment for"S'iiﬁ'.le ébemﬁc :Cét;;_;'es of 'S).m(i{::pé. '
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Synﬁope

§ the history, physical examination, or initial diagnostic

tests suggest an arrhythinic cause for syncope, an elec-

trophysiological study (EPS) may be indicated (see

Chapter 9), especially if the patient is also suspected of

having coronary artery disease. During EPS, the

arrhythiia that caused the syncope can frequently be
reproduced or heart block can be identified. In patients
without underlying heart disease, EPS rarely identifies
the cause of syncope.,

Most patients without structural heart disease or
clinical evidence of arrhythmias have a reflex cause of
syncope (usually vasovagal), and farther invasive diag-
nostic studies are usually not indicated. In such patients
who have recurrent syncope, the diagnosis of neurocar-
diogenic syncope can be confirmed with tilt table testing
(see Chapter 9). Patients who are suspected of having
seizures or a psychiatric cause of syncope warrant neu-
rolugic or psychiatric evaheation, respectively.

~ PROGNOSIS

Young patients (< age 60) with syncope but without
underlying heart disease have an excellent prognosis.
Syncope patients with a normal ECG have a low prob-
ability of an arrhythmic cause and a low risk of sudden

Possible Therapies

Vasovagal/neurocardiogenic

Avoid provoking stimuli, beta-blockers, volume repletion

Qrthostasis Volume repletion, avoid anti-hypertensive drugs; mineralocorticoid
supplementation for primary autonomic insufficiency

vT Implantable defibrillator, antiarrhythmic drugs

SVT Rate controlling medications, antiarrhythmic drugs, radiofrequency ablation

Bradycardia Pacemaker

Aortic or mitral stenosis
Hypertrophic cardiomyopathy Myomectomy

Situational

Valve replacement

Avoid precipitating factor

VT: ventricular tachycardia; SVT: supraventricular tachycardia.
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cardiac death. Patients who have a cardiac cause of For example, aortic and mitral stenosis requires valve

syncope have an annual mortality rate as high as 30%.

TREATMENT

The treatment of syncope depends entirely on its cause
(lable 25-5). Most types of situational or vasovagal
syncope require no specific therapy. Recurrent reflex-
mediated syncope in the absence of triggering factors
(i-e., neurocardiogenic syncope} may respond to treat-
ment with beta-blockers. Arrhythmias require specific
therapy based on the type of arthythmia present (see
Chapters 23 and 24). In general, SVT5 can be treated
with rate-lowering redications (e.g., beta-blockers,
calcium channel blockers, digoxin), antiarrhythmic drogs,
or occasionally radiofrequency abladon, whereas VT
almost always requires treatment with antiarchyth-
mic drugs and/or implantation of a cardioverter/
defibrillator. Syncope resulting from bradyarchythmias
requires placement of a pacemaker unless a reversible
cause is identified (e.g., medications, metabolic
abnormalities).

Syncope resulting from underlying heart disease
requires correction of the structural abnormality.

replacerent, and ischernic heart diséase (ischernia or
infarction) requires coronary revasculavization with
percutaneous balloon angioplasty or coronary artery
Lypass surgery.

1. Syncope refers to the sudden, transient loss
of consciousness, and can arise as a result of
cardiac or non-cardiac disorders.

2. Cardiac syncope is always sudden in onset,
may be preceded by chest pain or palpitations,
is short-lived, and resolves spontaneously.

3. The most common type of syncope is vasova-
gal (i.e., neurocardiogenic syncope).

4. Structural heart disease and arrhythmias
account for approximately 15-20% of synco-
pat episodes.

. 5. A thorowgh history is the most important

aspect of the evaluation of a patient with

syncope.
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Death

The term “sudden cardiac death” (SCD} refers 1o the
unexpected natural death from a cardiac cause occurring
within one hour of the onset of symptomns in a patient
without a preexisting fatal condidon.

EPIDEMIOLOGY AND RiSK FAC'T'ORS

A

In the United States, sudden cardiac éeat%z {5CD) leads
to 300,600 to 400,000 deaths annually, accounting for
almost half of all death from cardiac causes. Over 80%
of patients with SCD have coronary artery disease
(CAD); as a result, the risk factors for SCD closely
parallel those for CAD. These include:

¢ tohacco use

* high cholesterol

* advanced age

* male gender

* hypertension
Other noted risk factors for SCD include:

» left ventricular hypertrophy

¢ intraventricular conduction block

 depressed left ventricular systolic function

In patients with a prior myocardial infarction (MI), the

strongest predictor of SCD is a Jeft ventricular ejection
fraction of <30%. Frequent venuicular ectopy, espe-
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Sudden Cardlac

cially nonsustained ventricular tachycardia (NSV'L),
is also a strong predictor of SCD in post-infarction
patients, especially in those with depressed left ven-
tricular systolic functon,

The incidence of SCD is highest from birth undl 6
months of age due to sudden infant death syndrome
(SIDS) and some congenital cardiac anomalies. The
incidence declines during adolescence and young adult-
hood, then rises sharply during middle and advanced age
owing to the development of CAD. Approximately 75%
of all cases of SCD occur in males. This gender predis-
position is even more marked with advancing age; the
male:female ratio is approximately 7:1 in the middle-
aged and elderly population.

ETIOLOGY AND
PATHOPHYSiOLOGY

A’I()bt cases of SCD requh' fi om cardiac dlcordc}s, pre-
dominantly CAD. Over 75% of patients who sufter
SCD have pathological evidence of a prior MI, and, in
as many as 25% of patients with CAD, SCD is the first
manifestation of their disease. Other cardiac caunses of
SCD are outlined in Table 26-1.

Although the specific mode of death in SCD may be
difficult to ascertain, many cases are attributed to malig-
nant arrhythmias such as ventricular tachycardia (VT)
and ventricular fibrillation (VF). Bradyarrhythmias are
a much less common mechanism of SCP. The mecha-
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Cardizc Causes of Sudden Death =~

N

Cause
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Examples

Coronary artery disease

Coronary spasm
Valvular heart disease Agrtic stenosis
Hypertrophic heart disease

Dilated cardiomyopathy

Infiitrative heart disease

Prolonged QT syndrome

Atherosclerosis, congenital anomalies, coronary aneurysms, coronary embolism,

Hypertrophic cardiomyopathy, hypertensive heart disease

Ischemia, idiopathic, post-viral, alcohol-associated, myocarditis, arrhythmogenic
right ventricular dysplasia

Amyloidosis, hemochromatosis, Chagas’ disease

Congenital (with or without deafness), drug effect (antiarrhythmics, phenothiazines),

electrolyte abnormalities {(hyper- or hypokalemia, hypocalcemia, hypomagnesemia)

Congenital heart disease
Pre-excitation syndromes

Cardiac tumors Aarial myxoma

Aortic stenosis, Eisenmenger's syndrome

Wolff-Parkinson-Vhite syndrome

nismns that produce the VT and VF in SCD include
reentry, increased automaticity, and triggered acuvity
(see Chapter 22), and may depend on factors such as
autonojmic tone.

Patients with long QT syndrome as noted on
the surface electrocardiogram (ECG) (corrected QT
interval greater than (144 second) may develop a type
of polymorphic VT known as Tersade de Pointes (see
Chapter 23) that can cause death by degenerating o
VE Long QT syndrome may be a congenital condition,
but more commonly is the result of various drugs or
metabolic disturbances including:

class Ia, Ic, and some class II antiarrhythmics
* anthistamines {e.g., terfenadine)

* antimicrobials (mostly antifungals)

* tricyclic antidepressants

¢ phenothiazines

* electrolyte abnormalities (hypokalemia, hypomag-
nesemia, hypocalcernia)

The congenital forms of QT prolongation have been
recently attributed to genetic defects that lead o
abnormal myocyte potassium and sodium channels. The

resultant alterations in ionic fluxes result in abnormal
ventricular repolarization, thereby predisposing to the
development of Torsade de Pointes, possibly through
the generation of abnormal afterdepolarizations.

Several factors may predispose to the development of
SCD in patients with underlying cardiac disease. ‘These
include:

* clectrolyre  imbalances  (potassium,
calcium)

magnesiu,

* pransient myocardial ischemia
Y

* hypoxia

PROGNOSIS

The vast majority of patients (>B0%) who suffer an
episode of SCD do not survive, and the incidence of
recurrent SCD among inital survivors s as high as
30% in the first year following the event. The most
common causes of death in survivors of SCD relate to
neurological injury at the time of the event or infectious
complications as a result of prolonged intubation.
Among survivors of SCD who survive to hospital
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discharge, over one-third suffer persistent neurological
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Sudden Cardiac Death

fraction. Patients with normal lefr ventricular function

but with risk factors for CAD should undergo diagnos-

© U HC exercise stress testing. In patents with a depressed

CLINICAL MANIFESTATIONS

History -

Among the survivors of SCD, the history should be
geared toward identifying potendal causes, and should
include a review of:

* prior cardiac disease
*  concomitant medical conditions

* medication usage

If available, the patient’s activities and symptoms im-
mediately preceding the event may offer insight into the
etiology.

Physical Examination

The physical examination of survivors of SCD should
simjlarly be geared toward identifying potental causes.
Although absolute signs of CAD cannot be discerned
on physical examination, evidence of cardiomyopathy
(Ss, displaced point of maximal impulse [PMI], etc) or
vabvular heart disease (e.g., murmur of aortic stenosis)
should he noted. In addition, a thorowgh neurologi-
cal examination should be performed to determine the
physiological consequences of the event.

DIAGNOSTIC EVALUATION

The initial evaluation in SCD sarvivors includes an
ECG and a few basic laboratory tests. The ECG may
reveal evidence of CAD (old or evolving MI, active
ischemia), electrical predisposition to ventricular tach-
yarrhythmias (pre-excitation, long (1), venwmicular
irritability (frequent ventricular premature complexes,
NSVT), or evidence of heart block. Initial laboratory
tests should include an electrolyte panel and teses for
myocardial injury (creatine kinase, troponin). If the
initial ECG suggests an acute M, cardiac catheteriza-
tion to define the coronary anatomy and feasibility of
revascularization should be considered.

Once stabilized, all survivors of SCD should undergo
echocardiography to seek evidence of CAD or valvular
heart disease, and to determine left ventricular ejection

~ejection fraction, cardiac catheterization may be war-

ranted to exclude significant underlying CAD, and elec-

- trophysiological studies (EPS) are indicated for risk

stratification and guidance of therapy.

TREATMENT

The weatment of survivors of SCD depends on the
cause of the event. If a reversible cause is identified {e.g.,
medication toxicity or electrolyte ahnormality), treat-
ment involves correcting the underlying problem.
However, the vast majority of SCD survivors do not
have a reversible cause, rather, they have CAD. If the
patient is thought to have soffered an acute ischemic
event as the basis for SCD, then cardiac catheterization
and percutaneous (angioplasty) or surgical (coronary
artery bypass grafting) revascularization should be per-
formed if possible. In patients with an old MI or under-
lying cardiomyopathy who are felt to have had an
arthythmic event, EPS is warranted to determine the
inducibility of ventricular tachyarrhythmias. Many of
these patients will require treatment with an antiar-
rhythmic agent, such as amiodarone, and most will
require implantation of a cardioverter-defibrillator
(ICD) to monitor for and treat recurrent tachyarrhyth-
mias. Patients with long QT syndrome require removal
of offending medications, correction of metabolic
abnormalities, and, frequently, ICD placement.

The primary prevention of SCD is difficult because
many patients do not manifest signs or symptoms that
may indicate their high risk of SCD. Since most cases
of SCD are due to CAD or underlying structural heart
disease, screening for disease in at-risk individuals may
reduce the incidence of SCD by identifying patients
with predisposing conditions and allowing for adeguate
therapy before SCID occurs. In general, correcting, or
at Jeast improving, cardiac function in those diseases
known to cause SCID can reduce its incidence.

Patients with a depressed left venmicular ejection
fraction (especially those with underlying CAD) who
also have nonsustained VT, have a significantly in-
creased risk of developing SCD. These patients tmay
warrant EPS, and, if VT can be induced at the time of
the study, may require ICE placement.
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SCD is a major cause of death in the United
States.

Coronary artery disease is the leading cause of
SCD and accounts for over 80% of cases.

SCD is most often the result of ventricular
tachyarrhythmias; bradyarrhythimias are a less
COMMON cause.

“The initial evaluation of SCD survivors should
indude an ECG, electrolyte panel, and
echocardiogram.
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6.

If SCD results from CAD, cardiac cathéteri- .
zation and revascularization are indicated.

Treatment depends in large part on the under-
Iying cause and the left ventricular funetion.
Antiarrhythmic agents may be necessary 1o
prevent recurrences, whereas ICD placement
is often necessary to treat recurrences.
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Pacemakers and

Implantable
Cardioverter
Defibrillators

With the major advances in microprocessor technology
in the last two decades, patients who have symptomatic
bradycardias and malignant tachycardias can be weated
effectively with permanent pacemakers and implantable
cardioverter defibrillators (ICDs), respectively. This
chapter oudines the basic components, function, and
indications for implantation of these devices.

PACEMAKERS

A cardiac pacemaker -consists of a battery-powered
pulse generator connected to a system of elecrrical leads,
With a permanent pacemaker, the pulse generator
is implanted subcutaneously in the chest wall, usually
below the left clavicle, The leads pass from the pulse
generator, through the cephalic or subclavian veins, and
are anchored into the right atrium and/or venuicle
(Figure 27-1). The device can be programmed to sense
intrinsic cardiac electrical activity. If the intrinsic heart
rate falls below a predetermined rate, the device deliv-
ers an electrical impulse 1o the myocardium, causing it
to depolarize. Temporary pacemakers are also available
and can be inserted transvenously or can deliver the
electrical impulse through the chest wall (transcuta-
neously). The electrical impulses from the pacemaker
can be seen on an electrocardiogram (ECG) as an elec-

rical spike immediately preceding the P wave or QRS
cornplex (Figure 27-2).

Indications for Pacemaker Implantation

The most comimon indications for placement of a
pacemaker are outlined in Table 27-1. In general, pace-
makers are implanted for the therapy of sympto-
matic bradyarrhythmias (see Chapter 24). Asymptomatic
bradyarrhythmias are usually benign, but occasionally
require pacemaker placement owing to 2 high likelihood
of progression to symptomatic bradycardia in some set-
tings. Temporary pacemakers are used to treat transient
bradyarrhythmias that result from reversible causes,
whereas permanent pacemakers are used to treat irve-
versible disorders.

Pacemaker Modes

Single chamber pacemakers have a lead in the right
atrium or ventricle, whereas dual chamber pacemakers
have a lead in both chambers. These leads allow the
device both to sense the electrical activity in the atrium
and/or ventricle, and to pace the chambers ar a preset
rate.

Pacemakers can be programmed to various modes of
activity that are described by s standardized three- or
four-letter code. The first letter refers to the chamber
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Figure 27-1 Diagram of pacemaker placement.
Mustration by Shawn Girsberger Graphic Design.
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Figure 27-2 Rhythm strip of patient with a dual
chamber pacemaker. Note the atrial (2} and ventricular
(v) pacemaker spikes that precede the P wave and
QRS complex, Alsc note the wide QRS complex that
results from direct activation of the ventricular
myocardium.

being paced and the second refers to the chamber being
sensed (A = atrium; V = ventricle; D = dual [both arrium
and ventricle]; and O = neither). The third letter refers
to the response of the pacemaker to a sensed native heart
beat. The sensed beat may inhibit (I} the pacemaker
from pacing; may trigger (T} the pacemaker to pace; or
may have a dual effect (D} whereby it inhibits arrial
pacing while triggering subsequent ventricular pacing.
The fouarth letter refers o special functions of the pace-
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Indications for Implantation of a Permanent

" Pacemaker

Heart Block
Symptomatic 3™ degree AV block
Asystole >3 seconds
Symptomatic 2™ degree HB, regardless of Mobitz
type
Asymptomatic 3" degree HB with escape rate
<40bpm
Mobitz Il 2™ degree HB
Sinus node Dysfunction (sick sinus syndrome)
Sick sinus syndrome with symptomatic bradycardia
Symptomatic chroriotropic incompetence
Tachycardia-bradycardia syndrome with symptomatic
bradycardia
Syncope
Recurrent syncope caused by carotid sinus
stimulation
Cardicinhibitory response (asystole >3 seconds)
with minimal CSM

HB: heart block; SND: sinus node dysfunction; CSM: carotid
sinus massage.

maker. Some pacemakers can sense an increase in a
person’s activity level and respond by increasing the
pacing rate (denoted by R for rate responsive).

Choice of Pacemaker Mode

The choice of pacing mode depends mainly on the
underlying arrhythmia. For patients with bradycardia
but with an underlying sinus rhythm (sick sinus syn-
drome, heart block, ete.), dual chaimber pacing (usually
DDD mode) is preferred because it maintains atrioven-
tricular synchrony. For patients with atrial fibrillation
and bradycardia, single chamber ventricular pacing is
used (usually VVI mode) because the fibrillating atrium
cannot be paced. Other pacing modes are used less
frequently.

IMPLANTABLE CARDIOVERTER
DEFiBR!LLATORS

An ICDisa de‘, ice that is similar to a pacemaker in that
it consists of an endocardial lead in the right ventricu-
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Pacetnakérs and ImplantablCarloverter Defibrillators

Indicdtions for Implantation of a Cardioverter-Defibrillator

B Lad P

Non-sustained VT with CAD, LV systolic dysfunction and prior M}, with inducible VT on EPS

Spontaneous, sustained VT in the absence of a reversible cause

Survivors of cardiac arrest resulting from VT or VF, without reversible cause

Syncope of undetermined eticlogy with inducible VT on EPS (when drug therapy is ineffective or not tolerated)

VT: ventricular tachycardia; VF: ventricular fibrillation, EPS: electrophysiologic stdy.

Far apex connected to a pulse generator that is implanted
in the chest wall. However, although ICDs have pacing
capability, their primary role is in treating ventricular
tachyarrhythmias (tachycardia [VT] or fibrillation
[VF]). When the device detects one of these arrhyth-
mias, it attempts to terminate the arrhythmia either
by transiently pacing the heart faster than the rate of
the arrhythmia (overdrive pacing), or by delivering a
high-energy shock w the myocardivm (cardioversion/
defibrillation).

Indications for ICD Implantation

ICDDs are highly effective at terminating ventricular
tachyarrhythimias and decrease the risk of sudden
cardiac death in certain padent populations., The
patients who benefit the most from ICDs include
those with coronary artery discase, depressed left
ventricular systolic function, and documented non-
sustained runs of V'I} and those who survive an episode
of sudden cardiac death. Other padents who are £l to

be at increased risk of sudden cardiac death can be
further risk-stratified by electrophysiological study
(see Chapter 9). Some of these patients who have
inducible VT may benefit from ICD implantation.
Table 27-2 cutlines the currently accepted indications
for TCD placement.

1. Pacemakers are generally used for the treat- .
ment of symptomatic bradyarrhythimias,

2. Dual chamber pacing maintains atrioventricu-
far synchrony.

3. Implantable cardioverter defibrillators are
used for the treatment of ventricular tachy-
arrhythmias and decrease mortality in certain
patient populations.
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Acute theumatic fever (RT) is an immune-mediated,
inflammatory disease that is the result of untreated
group A beta-hemolytic streptococcal pharyngits. The
chronic sequela of this disease is progressive cardiac
valvular dysfunction with resulting heart failure.

EPIDEMIOLOGY

Acute RE is an uncommon illness in  developed
nations. It is rare in infancy, uncommon in adulthood,
and is usually seen in the 5-15 year old age group. Males
and fernales are equally affected. Its incidence is directly
related to the prevalence of streprococeal pharyngitis
in the community, During prior streptococcal pharyn-
gitis epidemics, approximately 3% of those affected
developed acute RE. Patients with a prior history of
acute RE have a high risk of recurrence (5-50%) with
subsequent untreated streptococcal pharyngits. Most
cases in the US are sporadic, although clusters have
been reported in dormitories, military barracks, dosed
institutions, and densely-populated, poor, urban
neighborhoods.

ETIOLOGY AND PATHOGENESIS

Several epldemlologmal and prospective studles bav
established the association of rheumatic fever with
antecedent streprococcal pharyngitis. Group A strepto-

T'T'Rheuma_tic
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Fever

‘coced with M protein serotypes 1, 3, 5, 6, 18, 19, and 24

are the most rheumatogenic strains. Streptococeal skin
infections, even when caused by the above serotypes, are
not associated with rheumatic fever, The exact mecha-
nist whereby the disease process is initiated remains
uncertain, but likely involves molecular mimicry.
Neither streptococei nor streptococeal antigens can be
demonstrated in the pathologic lesions of rheumatic
fever.

The principal organs involved in REF are the
heart, large joints, brain, skin, and subcutaneous tissues.
The pathognomonic lesion of rheumatic carditis is
the Aschoff body, which consists of interstitial edema,
fragmentation of collagen fibers, and mononudear
cell infileration. Valvulids, as a result of rheumatic
endocarditis, can result in acute valvular regurgita-
tion. More commonly, as the valvulitis heals, scar-
ring, thickening, and adhesion of valve cusps and
chordae occur and lead to valvular stenosis and/or
regurgitation.

CLINICAL FEATURES

All patents with RF havn had prece(hng strepto-
coccal pharyngias; this may have been asymptomatic
m as many as 50% of cases. The symptoms and signs
of RF begin several weeks after the incident
pharyngids.
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Major Manifestations

Corditis -~ .

Acuterheumatic carditis varies in severity, is often asymp-
tomatic, and affects all three layers of the heart. Endo-
carditis most corunonly involves the mitral valve,
followed by the aortic valve, and rarely the tricuspid and
pulmonic valves. Acute valvular regurgitation can occur
and may result in heart failure. Most padents with acute
rheumnatic carditis have a systolic murmur of mitral regur-
gitation and may have a low-pitched, apical, mid-diastolic
murmur (Carey-Coombs murmur) resulting from flow
across the inflamed valve, Rheumatic myocarditis
usually manifests as sinus tachycardia disproportionate to
the degree of fever, with or without other symproms and
signs of heart failure. Rheumatic pericarditis may result
in chest pain, an audible friction rub, and pericardial
effusion, Tamponade is a rare sequela.

Arthritis
An  asymmetric, mnonerosive, Imigratory polyar-
thrios with a predilection for large joints of the
extremities is the most common symptom of RE
Effusions are common, but there is no residual joint
deformity.

Erythema Marginatum

This transjent, erythematous, migratory, non-pruritic
rash is characteristic of R, but is seen in only 5% of
affected patients. The rash may vary in size with serpigi-
nous, slightly raised margins and a pale center. Itis usually
localized to the trunk and proximal extremites.

Subcutaneous Nodules

Pea-sized, firm, painless, freely mobile nodules on the
extensor surface of the elbows, knees, and wrists, and
over the scapulae, vertebrae, and occipital scalp are
seen in ~3% of patients with RF (usually in patients
with carditis).

Chorea
(Sydenbam’s chorea, St. Vitus' dance):

Chorea is seen in 20% of RF patients and reflects
inflammation of the basal ganglia and caudate nucleus.
It is characterized by purposeless, involuntary move-
ments of the face and extremities, nervousness, explo-
sive speech, and emotional lability. Symptorns are absent
during sleep and resolve spontaneously in 1-2 weeks.
Unlike the other symptoms, chorea appears 3-6 months
after the initial pharyngids.
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Minor Manifestations

Fever, arthralgia (without arthritis), epistaxis, abdomi-

nal pain, and tachycardia (without other features of
carditis) may all be present in acute RF,

L.ate Manifestations :

Approximately 50% of patients who havé carditis during
an ¢pisode of acute RF will eventually develop chronic
theumatic valvular disease. Aortic and mitral regurgita-
tion may occur during the acute phase, or develop years
later. Valvular stenosis is a late sequela, usually occur-
ring decades after the acute illness. The mitral valve is
most commonly affected, the aortic valve less commonly
affected, the tricuspid valve rarely affected, and the
pulmonary valve least commonly affected. Combined
mitral and aortic valve disease is more common than
isolated rheumatic aortic valve disease; tricuspid valve
disease is invariably accompanied by mitral valve
discase.

DIAGNOSTIC EVALUATION

There is no definitve diagnostic test for acute RF; the
Jones Criteria (Table 28-1) is the standard diagnostic
modality. The presence of cither two major criteria or
one major and two minor criteria, with supporting evi-
dence of antecedent streprococeal infection, indicates a
high probability of theumatic fever. The absence of pos-
itive cultures or serologic evidence of recent strepto-
coceal infection makes the diagnosis of RF doubtful,
except when the presenting symptom is chorea. Diag-
nostic workup should include a pharyngeal swab, blood
cultures, blood tests for acute phase reactants, and
serum analysis for anti-streptococeal antibodies. An
ECG and echocardiogram should be performed to
evaluate for evidence of conduction disturbance and
carditis, respectively.

DIFFERENTIAL DIAGNOSIS

Several illnesses can mimic acute RFE, including
infective endocarditis and various arthritides. However,
with infective endocardids, blood cultures are usually
postive, vegetations are seen on echocardiography,
and the associated arthrids is non-migratory. Hepa-
tosplenomegaly and lympbadenopathy are prominent
features of juvenile rheumatoid arthritis but not of
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Rheumatic Fever

Modified Duckett Jones Criteria {AHA 1992)
Major Criteria Minor Criteria
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Rheumatic Fever

~Antibiotic Regimens for the Treatment and
Prevention of Acute Rheumatic Fever

Treatrment of Streptococcal
Pharyngitis

Secondary Prophylaxis
after Acute RF

Carditis Clinical Findings
Polyarthritis - Fever
Erythema -~ Arthralgia
Fmarginatum
Subcutaneous  Laboratory Findings
nodules
Chorea - Elevated acute phase reactants

{ESR or CRP)
- Prolonged PR interval

Evidence of antecedent streptococcal infection
- Positive pharyngeal culture or rapid streptococcal
antigen test
- Elevated or rising titers of anti-streptococcal
antibodies (anti-streptolysin O, anti-DNase B,
anti-hyaluronidase, Anti-streptozyme)

ESR: erythrocyte sedimentation rate; CRP: Coreactive protein.

RE Rheumatoid arthritis is not related o RF and is
typically a disease of adults characterized by erosive,
non-migratory polyarthrias.

TREATMENT OF ACUTE RF
(see Table 28-2)

Most patients with acute RF should be admitted to the
hospital for observation, and those with arthritis and/or
carditis should be placed at bed rest undl their joint
inflammation has subsided and the acute phase reactants
have returned to normal. Even if pharyngeal swabs are
negative for streprococed, all patients should receive
a 10-day course of penicillin VK, 250-500 milligrams
four times daily (erythromycin if penicillin allergic), o
eradicate residual infecion. Arthritis usually responds
well to bigh-dose salicylates (100mg/kg/day in four to
five divided doses); treatment duration depends on
the disease severity and clinical response. Patients with
significant carditis, and those who do not respond o

Benzathine PCN G
0.6—-1.2 miflion U 1M
(as single injection)

Or

PCN VK 250-500mgpo
TID for 10 days

Or

Erythromicin
20-40 mglkg/d (divided
TID) for 10 days

Benzathine PCN G
1.2 million U 1M every
4wks

Or

PCN VK 250mg BID

Or
Sulfadiazine 0.5-1.0g daily

Or
Erythromicin 250mg BID

RF: rheumatic fever; PCN: penicitlin; IM: intramuscular; TID:
three times daily; BID: twice daily.

an adequate dose of aspirin, are treated with steroids
(usually prednisone 1-2mg/kg/day). Most patients
require 412 weeks of therapy, followed by gradual
tapering of the dose. As many as 5% of patients may
have attacks that last 6 months or longer. Occasionally,
symptoms recur when salicylates or steroids are tapered.
Chorea usually responds to benzodiazepines; pheno-
thiazines may also help ameliorate this symptorn.

PREVENTION OF RF
(see Table 28-2)

Primary Prevention

Prompt treatment of streptococcal pharyngitis will
prevent rheumade fever. Oral penicillin VIC 250-500
milligrams four times daily for 10 days or a single intra-
muscular injection of benzathine penicillin (0.6-1.2
million units) are acceptable regimens. Erythromycin
may be used in penicillin allergic patients. Sulfa drugs
are not acceptable because they do not eradicare
streptococel.
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Secondary Preverition _
All patients with an established diagnosis of RE Syden-
ham’ chorea, or rheumatic heart disease should receive
secondary prophylaxis to prevent recurrent acute RE
Intramuscular benzathine penicillin (1.2 million unirs
every 3-4 weeks) or oral penicillin VK (250 milligrams
twice daily) are the preferred antibiotic regimens. For
those patients allergic o penicillin, oral sulfadiazine
(0.5-1 gram once daily) or oral erythromyein (250 mil-
ligrams twice daily) are acceptable alternatives. Prophy-
laxis is recommended for at least 10 years after the most
recent episode of acute RE, and generally until age 40.
Lifelong prophylaxis is probably advisable for those
patients with established rheumnatic heart disease, espe-
cially if they are living in an endemic area.

< CRal W DeXapR—ROBREDOHASR
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Rheumatic fever follows untreated group A-
beta-hemolytic streptococcal pharyngitis.

Cardinis, arthritis, erythema marginatum,
chores, and subcutaneous nodules are the car-
dinal manifestations of acute RE

Carditis can lead to both acute and chronic
valvular disease. The mitral valve is most com-
monly involved, followed by the aortic valve.
Tricuspid and pulmonic valve involvement is
unusual.

Prompt treatment of streptococcal pharyngi-
tis is essendal to prevent rheumatic fever.
Following an episode of acute RE all
patients should receive long-term antibiotic

prophylaxis.
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Disorders of the

Aortic Valve

Valvular heart disease encompasses a wide array of dis-
orders ranging from asymptomatic murmurs to life-
threatening disease. In general, diseases of the aortic and
mitral valves are far more common and clinically impor-
tant than diseases of the tricuspid or pulmonic valves,
"T'his chapter and the next will, therefore, be limited o
a discussion of aortic and mitral valve disorders.

AORTIC STENOSIS (AS)

Etiology

Aortic stenosis may be congenital (bicuspid or unicus-
pid valve), but is more commonly acquired. Acquired AS
is three times more common in men than women and
is most often the result of senile degenerative changes
(“wear and tear”) or rheumatic heart disease.

Pathophysiology

Aortic stenosis is a disease of pressure overload and
produces progressive obstruction to left ventricle (1LV)
outflow. As the obstruction worsens, the pressure
required to pump blood across the valve increases and a
transvalvular pressure gradient results (Figure 29-1). As
cotnpensatory hypertrophy develops, the LV hecomes
poorly compliant, resulting in elevated ventricular dias-
tolic pressure. This pressure is transmitted to the left
atrium (LA) and pulmonary system, resulting in pul-

monary congestion and dyspnea. The noncompliant LV

is dependent on the “atrial kick” to maintain adequate
P q

filling during diastole; thus, the onset of ardal fibrilla-
tion in a patient with AS may precipitate rapid decom-
pensation. Over tine, the ventricle weakens and systolic
failure occurs.

In congenital AS, the valve leaflets are fused ar the
commissures, resulting in a reduced effective orifice. In
the acquired cases, there is thickening, calcification,
fibrosis, and fusion of the leaflets resulting in reduced
leafler excursion. Most patients with rheumatic AS have
associated aortic insufficiency and rheumatic mitral
valve disease.

Clinical Features

History

The cardinal symptoms of AS are dyspnea (congestive
heart failure [CHEF]), chest pain (angina), and syncope.
CHF may result from systolic or diastolic dysfunction.
Angina may reflect concomitant coronary artery disease
(CAD), bur may also result from myocardial oxygen
supply/demand mismatch as a result of increased LV
mass and 1V diastolic pressure in the face of decreased
cardiac output and diminished coronary perfusion pres-
sure. Exertional syncope vceurs as a result of peripheral
vasodilation and consequent hypotension in the pres-
ence of a fixed cardiac output. Syncope at rest is usually
secondary w arrhythmias.

Symptoms usually develop in the 3™ to 4™ decade of
life in patients with bicuspid AS, in the 4" to 5 decade
with rheutnatic AS, and in the 6 or later decades with
degenerative AS. Symptoms are of prognostic impor-
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Hemodynamic tracing in a patient with critical aortic stenosis. Note that the feft ventricular (LV)

pressure exceeds the aortic (Ao) pressure. The shaded area represents the pressure gradient. The aortic valve

area was 0.3em?

tance—once angina, syncope, or heart failure develops,
the average survival without surgery is §, 3, and 1%
years, respectvely.

Physical Examination

Characteristic physical findings of AS include:

* pulsus parvus et tardus (diminished upstroke and
a delayed peak of carotid pulse)

* sustained and IV apical impulse; often bifid as a
result of a palpable §,

* a low pitched, harsh, crescendo-decrescendo, sys-
tolic murmur, loudest at the second left intercostal
space, and radiating to the carotd arteries (Table
4-2)

* soft or absent aortic valve closure sound (A;)
* paradoxical splitting of the second heart sound

* asystolic thrill over the upper sternal border

The peak intensity of the murmur helps to estimate
the severity of AS. An early-peaking murmur is associ-
ated with mild disease, whereas a late-peaking murmur
is heard with severe stenosis. The murmur may also
radiate o the IV apex (Gallavardin phenomenon).
An S, is often heard. In patients with bicuspid AS,
an aortic ejection sound may be heard immediarely
afrer S,.

Diagnostic Evaluation

The electrocardiogram (EC() usually demonstrates
left ventricular hypertrophy (EVH) if significant AS is
present, and chest x-ray may demonstrate aortic valve
calcification and LV enlargement. However, the key
component of the evaluation is the measurement of the
transvalvular pressure gradient and calculauon of the
valve area. The normal aortic valve area is 3.5 ey’ An
area of 1.5-2.0c’ is considered mild stencsis, 1.0~
1.5ecm? moderate stenosis, and <1.0cm’ (or a mean
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gradient of >50mmHg) severe stenosis. “Critical” steno-
sis refers to an aortic valve area of <0.75 cm?. These values
are usually estimated by echocardiography. Once valve
replacement is felt to be warranted, cardiac catheteriza-
don is usually performed to confirm the severity of the
valve disease and w assess for concomitant CAD.

Management

There is no effective medical management for sympto-
matic AS. In tact, many medications may cause adverse
affects by decreasing preload or afterload and precipi-
tating hemodynamic collapse.

Patients with moderate or severe asymptomatic AS
should be carefully followed with clinical examinations
and serial echocardioprams every 6-12 months, Such
patients should avoid strenuous exertion,

Symptomatic AS, asymptomatic critical AS, and
severe AS with LV dysfunction even if asymptomatic,
are indications for surgical valve replacement. The deci-
sion to operate is usually based on symptoms and not on
an absolute valve area or pressure gradient. Percuta-
neows balloon valvuloplasty is associated with an unac-
ceptably high re-stenosis rate in padents with AS, but
may be attempted in critically ill patients as a bridge to
surgery or in those who are not surgical candidates
owing to significant co-morbid disease.

AORTIC INSUFFICIENCY (Al)

Etiology

Aortic insufficiency may be caused by a variety of
valvular disorders, including:

» rheumatic fever (usually with concomitant AS)

¢ bicuspid aortic valve

* infective endocarditis

*  trauma

* connective tissue disease (systemic lupus erythe-

matosus, rheumatoid arthritis).

It may also result from disorders that primarily cause
dilation of the ascending aorta and aortic root, includ-
ing Marfan’s syndrome, aortc dissection, syphilitic
aortitis, and the seronegative spondylarthropathies.

Epidemiology

Aortic insufficiency is more common in men than in
women. When associated with rheumatce heart disease,

< CRad W pexaph-ROHBEpOHA: MYCAHI s% dnodm. py >

S — e
Disorders of the Aortic Valve

Al is usually accompanied by some degree of AS and
mitral valve disease.

Pathophysiology

Aortic insufficiency is a disease of volume overload, and
may be acute or chronic. In acute AT, the abrupt increase
in blood volume entering the small, non-compliant LV
during diastole results in a sudden rise in LV diastolic
pressure, This is transmitted to the pulmonary system
and results in pulmonary edema and dyspnea.

In chronic Al the excess volume initially results in
LV hypertrophy. This is followed by ventricular dilation
and increased end-diastolic volume, thereby augment-
ing contractility by the Frank-Starling mechanism. The
increased stroke volume results in bounding pulses with
an increased systolic pressure. Peripheral vasodilation
and the regurgitation of blood back into the LV results
in a lower diastolic pressure and a widened pulse pres-
sure. Such patients are often well compensated and
asymptomatic. However, with continued enlargement,
the LV systolic function declines and heart failure ensues.

Clinical Features

History

Patients with acute Al often present with pulmonary
edema and hemodynamic instability. "The symptoms
of the underlying disease (i.e., aortic dissection, endo-
carditis) may predominate. Patients with chronic Al
usually present with exertional dyspnea, and may com-
plain of a pounding sensation in their neck resulting
from the increased LV stroke volume. Angina may result
from the combination of increased oxygen demand from
LV, and Jow diastolic pressures causing reduced coro-
nary perfusion.

Physical Exemination

Chronic Al is associated with a variety of physical find-
ings, all of which relate to the increased stroke volume
and widened pulse pressure (Table 29-1).

Severe Al may be associated with a double peaking
bisferiens pulse. The apical impulse is usually hyper-
dynamic and displaced downward and laterally signify-
ing LV diladon and hypertrophy. The characteristic
murmur of Al is a high-pitched, decrescendo, diastolic
turmur (see Table 4-2) that is best heard at the second
vight or third left intercostal space. The longer the
murmur, the more chronic and severe the Al A systolic
aortic flow murmur is usually present and is the result
of increased flow across the valve. The first heart sound
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Sign

Eponym

Systolic head bobbing DeMusset’s sign

Visible pulsations in the nail beds Quincke’s pulses
Rapid-rising and rapid-collapsing
carotid pulse

Corrigan’s pulse

Pistol shot sounds over the radial
or femoral artery

Traube’s sign

To-and-fro bruit over the femoral
artery

BDuroziez's sign

Systolic bobbing of the uvuia Muller's sign

Systolic biood pressure in
leg >20 mra kg higher than in arm

HilP’s sign

(8,) may be soft owing to premature mitral valve closure,
and a mitral mid-diastolic murmur (Austin-Flint
murmur) may be audible at the apex.

Patients with acute Al frequently have hemodynarnic
instahility and signs of pulmonary edema, but the
murtnur may be maudible and peripheral manifeseations
are frequently absent.

Diagnostic Evaluation

The ECG usually reveals EVH. Echocardiography is
the initial test of choice to confirm the diagnosis, assess
the severity of Al, and assess LV dimensions and func-
tion. Cardiac catheterization and acrtography can also
assess the severity of Al and identify associated aortic
pathology. Magnetic resonance imaging s a useful tool
for anatomic assessment of the thoracic aorta, especially
in the presence of aneurysms.

Management

Most padents with mild o moderate Al are asympto-
matic and require ne specific therapy aside from anti-

o < CRaH M DeXaRH-ROBRERCHA: MYCAHLR sT dpodT. py >

biotic prophylaxis for procedures and close monitoring
for the development of symptoms. Many patients with
severe Al are also asympromatic. If such patients have
normal LV size and function, surgery can be deferred.
"They should be dosely monitored for symptoms, with
exercise testing if necessary, and with periodic echocar-
diography to assess LV systolic function and dimensions.
Chronic administration of nifedipine or angiotensin-
converting enzyme (ACE) inhibitors may delay the
development of symptoms and the need for surgery in
these patients.
Indications for surgery include:

* onset of symptoms attributable to Al
* progressive LV dysfunction (LV ejection fraction
<55%)

* progressive LV diladon (end-systolic dimension >33
1)

Valve replacement is usually necessary for primary
valvular disorders. When Al is secondary to a dilated
aortic root, root repair alone may be adequate.

1. The cardinal symptoms of AS are chest pain,
syncope, and shortness of breath.

2. Patients with symptomns of AS and a valve area
<l.0em’ should undergo valve replacement.
Valvuloplasty is not an effective long-term
therapy for AS.

3. Patents with AT should undergo valve replace-
ment if their £V ejection fraction falls below
55% or their end-systolic LV dimension
increases to >55mm.




< pnot for sale! » < He ANA npopasn ! >

< CRAH W NexXaRO-ROEBEDPCHA: MYCAHI 5% dpodT. py >

Disorders of the mitral valve are the most common
types of valvular heart disease and may occur as either
the sequela of a primnary valve disorder or the secondary
result of other cardiac disease. These disorders may be
categorized as those that result in valvular stenosis and
those that result in valvular regurgitation.

MITRAL STENOSIS

Etiology

Mitral stenosis (MS} is predominantly 2 sequela of
rheumatic fever (see Chapter 28). Rarely it may be
congenital, iatrogenic (following nutral valve repair or
replacement), or secondary to rheumatoid arthritis,
systemic lupus, or carcinoid heart disease. It is more
common in wormen than in men.

Pathophysiology

The normal mitral valve area (MVA) is 4.0-6.0cm’. The
stenosis is considered mild if the MVA is 1.5-2.5 cm’,
moderate if it is 1.0-1.5 cm?, and severe if it is <1.0 cm’.
With rheumatic M8, fibrosis of the valve occurs pro-
ducing commissural fusion, and the narrowed orifice
takes on the classic “fish-mouth” appearance. As the
valve narrows, the pressure gradient across it increases
(see Figure 30-1). During tachycardia, there is reduced
time available for transmitral flow, and the transvalvar
gradient increases even further. The increased pressure
gradient then leads to elevated left atrium (LA) pressure,

Dlsorders of the
‘Mitral Valve

LA enlargement, pulmonary venous congestion, and
pulmonary hypertension. Eventually, right venwicle
(RV) dilation, tricuspid regurgitation, and RV failore
ensue. In MS, the LV is relatively protected and does
not dilate or hypertrophy in the absence of other car-
diovascular disease.
Clinical Features
History
The most common symptoms of patents with MS
include:
left heart failure (dyspnea on exertion, paroxysmal
nocturnal dyspnea, orthopnea)
hemoptysis
* ambolic events (central nervous system or peripheral)
¢ chest pain (from pulmoenary hypertension)
* right heart failure (fatdigue, ascites, edema)
* palpitations (atrial fibrillation)
Patients generally have a gradual onset of symptoms,
usually by age 30. Severe enlargement of the left atrium
may occastonally compress the left recurrent laryngeal

nerve, resulting in hoarseness, or compress the esopha-
gus, causing dysphagia.

Physical Examination

Padents with MS frequently demonstrate signs of
chrome left and/or night heart failure and pulmonary
hypertension.

145
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Figure 30-1 Hemodynamic tracing in mitral stenosis. The stenotic mitral valve impairs the flow of blood from
the left atrium (measured as pulmonary capillary wedge pressure, PCW) to the left ventricle (LV). Thus, during
diastole, there is a continuous pressure gradient (shaded region) between these two chambers.

Classic physical findings of MS include:

s Joud §,

* loud P; (pulmonary hypertension)

* opening snap (cosp sound after S, heard best with
the diaphragm of the stethoscope)

* diastolic “rumble” (with pre-systolic accentuation if
in sinus rhythm; see Table 4-2)

* right parasternal heave (right ventricular enlargement)

Diagnostic Evaluation
The electrocardiogram (ECG) often demonstrates sinus
tachycardia, left atrial enlargement, and right ventri-
cular hypertrophy. Atrjal fibnillation is frequently
present. Chest x-ray may reveal straightening of the left
heart border (LA and RV dilation), dilated pulmonary
arteries, and pulmonary vascular congestion.
Echocardiography is the test of choice by which to
confirm the diagnosis of MS and assess its severity (see

Figure 30--2). The size of the MV orifice can be mea-
sured, the extent of valvular thickening and calcification
assessed, the severity of pulmonary hypertension esti-
mated, and associated valvular abnormalities identified.
Cardiac catheterization can also quantify MS severity
and measure pulmonary arterial pressure. It is often
perforined in conjunction with coronary angiography
before valve surgery.

Management

Endocardigs prophylaxis is essential for any patient
with MS. Asymptomatic patients should be dosely
monitored for the development of symptoms, atrial
arrhythimias, and silent systemic embolism. Serial
echocardiogramns {(every 6 to 12 months depending
on valve severity} should be performed to evaluate
progression of valvular stencsis.

Symptomatic patients with MS may initially be
managed with beta-blockers (calcium channel blockers
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Disorders of the Mitral Valve

Figure 30-2 Echocardiogram in mitral stenosis. In systole {2} thickening of the mitral leaflets is seen. In dias-
tole (b) the anterior mitral leaflet is seen “doming” into the left ventricular (LV) cavity {(arrow}.

or digoxin are alternatives) to control the ventricular
heart rate, thereby prolonging diastole and minimizing
the transvalvar pressure gradient. Diuretics are used to
reduce pulmonary congestion. When atrial fibrillation
(AF) accompanies MS, it is associated with ~12% per
year risk of stroke, compared with ~4-6% in non-
valvular related AF. Every effort must be made to main-
ain sinus rhythm, including electrical cardioversion and
administration of andarchythimic agents (see Chapter
23). If aurial fibrilladon is chronic, patents should be
anticoagulated to prevent systemic embolization, and
the ventricular rate controlled with beta-blockers,
calcium channel blockers, or digoxin.

Patients with symptomatic severe or moderately
severe MS, worsening pulmonary hypertension, or
recurrent systemic embolization should undergo mitral
valvotomy or valve replacement. Valvotomy may be
performed percutanecusly by balloon dilation, or by
surgical commissurotomy. Balloon valvaloplasty is the
procedure of choice in young patients with pliable
valves, minimal valvular caldfication, and no significant
associated mitral regurgitation. Patients who undergo
valvotomy unsually require a second procedure in 5-15
years. Patients with heavily calcified valves and/or asso-
ciated significant mitral regurgitation require valve
replacernent.

MITRAL REGURGITATION

Etiology/Epidemiology

Mitral regurgitation (MR) may result from a variety of
conditions and may be acute or chronic (Table 30-1).
Mitral valve prolapse (MVP) is the most commeoen cause
of isolated MR; the posterior leaflet is more frequently
mmvolved than the anterior leafler. MVP affects 2-3% of
the population and is slightly more common in women.
It is often an isolated condition, but may be associated
with congenital heart disease (e.g., atrial septal defect,
hienspid aortic valve), and connective tissue disorders.
Rheumatic MR is more comrmon in men than in women,
and may occur in isolation or in association with MS.

Pathophysiology

The significance of MR depends in part on its acaity
and the compliance of the LA, In acute MR, the LA is
normal in size and poorly compliant. The acute regur-
gitation of blood into the atrium results in marked ele-
vation of left atrial and pulmonary venous pressures,
resulting in polmonary edema. In chronic MR, the
regurgitation progresses over time, allowing the LA o
dilate gradvally and become compliant. In this setting,
patients are able to tolerate moderate to severe MR for
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Acute MR

" Chronic MR ..

- Valve leaflet perforation {endocarditis)

- Ruptured chord {endocarditis, trauma, myxomatous
degeneration)

- Papillary muscle dysfunction or rupture (ischernia,
blunt chest trauma)

- Acute mechanical failure of prosthetic valve (strut
fracture, cusp perforation, or degeneration)

- Mitral valve prolapse

- Rheumatic heart disease -

- Annular dilation” (cardmmyopathms)

- Rheumatologic ‘diseases (SLE, scieroderma)

- Disorders of connective tissue (Marfan's, Ehlers-
Danlos, pseudoxanthoma elasticurn}

- Congenital (parachute mitral valve, cleft mitral valve,
endocardial cushion defects)

- Hypertrophic cardiomyopathy

- Mitral annutar calcification

- Anocrexigenic drugs (e.g., Fen-Phen)

- Any cause of acute MR

SLE: systemic lupus erythematosus; Fen-Phen: fenfluramine-phentermine.

several years with only a slight increase in left atrial and
pulmonary arterial pressures.

Initially with MR, the augmented LV preload resules
in increased contractility (Starling mechanism) resulting
in hyperdynamic LV function. Over time, the LV hyper-
trophies and dilates, stretching the mitral annulus and
worsening the MR severity. Eventually, IV systolic
function deteriorates and heart failure ensues.

Clinical Features

History

Patients with acute MR have an abrupt onset of symp-
toms and often present with acute pulmonary edema.
Patients with chronic, severe MR usnally have slowly
progressive exertional dyspnea. A history of anginal
chest pain (ischemic MR), recent dental work (endo-
carditis), or distant rhenmatic fever should be noted.
Most patients with MVP are asymptomatic, although
many report non-specific symptoms, such as vague chest
discomfort, palpitations, presyncope, and fatipue (the
MVP syndrome).

Physical Examination

Patients with MR frequently demonstrate signs of
chronic left and/or right heart failure and pulmonary
hypertension. Patients with acute MR are often
hypotensive and tachycardic, and may be in acute respi-
ratory distress.

Classic findings of MR include:

* holosystolic murmur {may be late systolic with
MVP)

* apical systolic thrill (with severe MR)

s soft S, (incomplete coaptation of the mitraf leaflets)

* loud P; and RV heave (pulmonary hypertension)

* mid-systolic click (with MVP)

Diagnostic Evaluation

The ECG often demonstrates left atrial enlargement
and LVH. Atrial fibrilladon is often present. Chest x-ray
may reveal straightening of the left heart border (LA
dilation), a dilated left ventricle, and pulmonary vascu-
lar congestion.

Echocardiography is the test of choice for the assess-
ment of MR. The severity of MR is graded from 1 to 4,
based on the volume of regurgitant flow seen by color
Doppler. In addition, the atrial and ventricular chamber
sizes can be measured, LV systolic function can be quan-
tified, pulmonary hypertension assessed, and associated
valvular abnormalities identified. Echocardiographic
findings may suggest the etology of MR by reveahng
rheumatic changes, MVP, ruptured chordae, vegetations
(endocarditis), or LV dilation. Cardiac catheterization
has been the gold standard for the quantification of MR,
and can also directly measure pulmonary artery pres-
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Figure 30-3 Hemodynamic tracing in severe mitral regurgitation. (a) Normal a and v waves in a pulmonary
capillary wedge (PCW) pressure tracing. (b) PCW tracing in severe mitral regurgitation. Note the prominent
v-wave reflecting direct transmission of the LV pressure to the pulmonary system,

sure. In severe MR, the LV pressure is transmitted to
the pulmonary system and produces a prominent y-wave
in the pulmonary capillary wedge (PCW) pressure
tracing (see Figure 30-3). Cardiac catheterizaton is
usually performed to confirm the severity of MR and 1w
assess for concomitant CAD prior to valve surgery.

Management

Medical management of asymptomatic or minimally
symptomatic patients with mmild or moderate MR
includes afrerfoad reduction (anpiotensin-converting
enzyme [ACE] inhibitors) and endocarditis prophylaxis.
Dhuretics should he used if signs of congestion are
present. Serial echocardiograms (every 6 to 12 months,
depending on valve severity) should be performed to
evaluate progression of regurgitation and to assess left
ventricular size and systolic function.

Surpery is indicated in patients with severe, sympto-
matic MR. Valve repair is desirable, if possible, as it
avoids the risks of anticoagulation and prosthetic valve
dystunction. If the valve is replaced, the papillary
muscles and the chordae are often preserved and help
to maintain left ventricular morphology and function.

The ideal timing of surgery for the asymptomatic or
mildly symptomatic patient with severe MR remains
controversial, Nonetheless, there is general consensus
that a decrease in the LVEF to £60% and/or an increase

in end-systolic LV dimension to >45 rmm are indications
tor surgery.

Patients with acute, severe MR require urgent
therapy. Hypotensive patients should have an intra-
aortic balloon purnp inserted followed by emergent
valve repair or replacement. Patients who are not
hypotensive should be managed with diuretics and
vasodilators such as nitroprusside or ACE inhibitors
“'hile arrangements are being made for SUrgery.

et

is predomminantly a sequela of -
rheumatic fever.

The most common eticlogy of mitral regurgi-
tation and most comnmaon indication for MVR
is mitral valve prolapse.

The classic physical findings of MS include a
loud $;, an opening snap, and a diastolic
rumble. ‘The classic physical finding of MR is
a holosystolic imurmur that is associated with
a mid-systolic click in the presence of MVE.
Patients with moderate 1o severe MS or MR,
who have symptoms despite medical therapy,
should undergo valve surgery.
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Infectlve

Endocardltls

Infective endocarditis (IE) is an infection of the endo-
cardial surface of the heart. The structures most com-
monly affected are the valves; however, valvular chordae
and the atrial and ventricular walls may also be involved.
TE is associated with significant morbidity and mortal-
ity; early diagnosis, appropriate treatment, and prompt
recognition of complications are essential for the man-
agement of these patients.

EPIDEMIOLOGY

The mc;dc,ncc of IE in the US is IS 000 20,000 new
cases per year. Males are affected twice as often as
fernales, and the average age of those affected is 54
years. The mitral valve is the most commeonly affected,
followed in order by the aortic, tricuspid and pulmonary
valves. IE in intravenous drug users has a predilection
for the tricuspid valve. IE can be divided into three
general categories: native valve endocardits (NVE),
prosthetic valve endocarditis (PVE), and endocarditis
in intravenous drug users. The causative organisms,
symptoms, treatment, and prognosis differ significantly
among these groups.

RISK FACTORS

Prcdlqposmg fat_torq for IE mclude

* acquired valvolar heart disease (rheumatic heart
disease [RID), mitral valve prolapse, degenerative
valve disease)

* prosthetic heart valves

* congenital heart disease (ventricular septal defect,
bicuspid aortic valve, patent ductos arteriosus)

* hypertrophic cardiomyopathy

¢ indwelling central venous catheters or temporary
pacing catheters

hd intravenous dt‘ug use

¢ prior endocarditis

In the past, the most common predisposition for IE was
rhewmatic heart disease; however, RHD now accounts
for less than 25% of cases. Mitral valve prolapse and
degenerative valvalar disease are now the most common
antecedent conditions. In 20-40% of adults with IE, no
obvigus risk factor is identified.

PATHOGENESIS

The normal cardlac endothelium is resistant to mfec—
tion. However, endothelial injury may occur as a resnft
of turbulent blood flow across a valve or valvular trauma
{rom intravascular catheters. This results in the deposi-
tion of platelets and fibrin on the valve surface {non-
bacterial thrombotic endocardits). During subsequent
hacteremis, microorganisms adhere to the fibrinous
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miaterial, colonize it, and proliferate. This bacteremia

may occur during dental, gastrointestinal, gepitourinary,

or -gynecological “procedures; “dental procedures -are
associated with the highest incidence: Transient bac-
teremia also frequently occurs after tooth brushing,
eating, and bowel movements, Bacteria that produce
dextran and those that have surface receptors for
fibronectin are especially likely to adhere to these
vegetations. Prosthetic valve endocarditis occurring
in the first year after surgery is usually the result of
contamination at the time of surgery, whereas that
occurring later results from transient bacteremia.

__CAUSATIVE ORGANISMS

The microbiology of TE depends upon the underly- -
ing predisposing factors (lable 31-1). NVE in non-
mtravenous drug users is usually caused by streprococe
and less commonly by staphylococdi. The reverse is true
of NVE in mtravenous drug users. Prosthetic valve

Microorganisims Causing Endocaiditis

Prosthetic valve: <1 .

Native valve endocarditis
Viridans streptococci

Group A streptococci
Enterococci

Staphylococcus aureus
Staphylococcus epidermidis
HACEK organisms

year after implant
Staphylococcus
epidermidis
Staphylococeus aureus
Gram negative bacilli
Candida
Diphtheroids
Enterococci
Streptococci

Prosthetic valve: <I
year after implant

Intravenous drug use
Staphylococeus aureus

Viridans streptococci Streptococci
Staphylococcus Enterocci

epidermidis Gram negative bacilli
Staphylococcus aureus Candida
Enterococci

HACEK organisms

HACEK: Haemophilus parainfluenzae, Hoemophilus aphrophilus,
Actinobaciftus actinomycetemeomitans, Cardiobacterium hominis,
Eikenella corrodens, and Kingefia kingae
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Infective Endocarditis

endocarditis occurring within the first ycar after surgery
is predominantly caused by coagulase-negative staphy-
lococcd (Staphylococcus epidermidis), whereas that occur-
ring after the first year is usually caused by streptococci.
IE. caused by enterococci usually follows genitourinary
wact procedures; patients with S. bevis endocardits
often have colonic neoplasms and should be evaluated
with colonoscopy.

- CLINICAL MANIFESTATIONS

History
IE may be an indolent disease (subacute bacterial endo-
carditis, SBE) or have a dramatic clinical course (acute

- bacterial endocarditis, ABE). Patients may present with

constitutional symptoms resulting from activation of the
Immine system, or with symptoms of acute valvular
dysfunction or embolic events. Common constitutional
symptoms include:

* fever (present in 80% of affected individuals)
*  rigors

* night sweats

¢ fatigue, malaise

¢ anorexia, weight loss

* myalgias, arthralgias

Patients with SBE tend 1o present with constitutional
symptoms whereas patients with ABE tend to present
with congestive heart failure from vaivular dysfunction.
Occasionally the initial symptom is the result of an
embolic event and manifests as stroke (central nervous
system  [CNS] embolism), limb ischemia ({vascular
embolism), flank pain and hematuria (renal embolism),
left upper quadramt or left shoulder pain (splenic
embolism), diffuse abdominal pain and hematochezia
(mesenteric embolism), or myocardial infarction (coro-
nary artery embolism). Intravenous drug users with tri-
cuspid or pulmonic valve endocarditis may present with
cough, hemoptysis, and pleuritic chest pain resulting from
septic pulmonary emboli. When obtaining the history
from a patient with suspected TE, it is important to ask
about predisposing conditions and recent procedures.

Physical Examination

Most patients with IE have a murmur. In those with
pre-existing valvular disease, a new or changing murmur
may occasionally be noted. A significant proportion of
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Cutaneous Finding Etiology

Description

Petechiae immunologic

Splinter hemorrhages Immunologic
Osler's nodes Immunologic
Janeway lesions Embolic

Roth spots Immunclogic

Tiny, hemorrhagic lesions in the conjunctiva and oral mucosa
Linear hemorrhages in the proximal 2/3 of the nail beds
Small, raised, painful lesions in the finger pads

Erythematous, painless lesions on the palms and soles

VYhitish, oval, retinal lesions with surrounding hemorrhage

patients with IE and a new regurgitant murmuar will
develop signs of congestive heart failure. Cutaneous
manifestations may be present and reflect peripheral
embolic phenomena and immunologic vascular injury
(sce "lable 31-2). Cutaneous manilestations as well as
digital clubbing and splenomegaly are much more
cornmoen in the subacute forms of endocarditis.

DIFFERENTIAL DiAGNOSlS

I‘]u: differential diagnosis of IE mdud(,s other forms
of intravascular infection (septic thrombeembolism,
infected indwelling vascular catheters). TE may mimic
other chronic inflarmmatory diseases and must be con-
sidered in the differendal diagnosis of padents with
fever of unknown etiology or persistent bacteremia.

DEAGNOST!C EVALUATION

f]u: dldgl’loslb of TE is usually suspected on the basis of
clinical findings and confinmed by blood cultures and
echocardiography. When JE is suspected, at least three
sets of blood cultures should be drawn over 24 hours
from different venipuncture sites, ideally hefore anti-
biotics are administered. Blood cultures may be nega-
tive in <5% of patients with IF, usuzlly as a result of
inadequate microbiological techniques, infection with
highly fastidious bacteria or nenbacterial microorga-
nisms, or from the administration of antimicrobial
agents before blood cultures are drawn. Infection with
organistos such as Coxielly burnetti, Bartonella spp., Bru-
cella abortus, and Chlasnydia prewmeniae inay only be iden-
tifiable by serological tests or polymerase chain reaction.

Transthoracic echocardiography is the initial test
of choice to visualize valvular vegetations and quanti-
tate valvular dysfunction. However, transesophageal
echocardiography (TEE) is more sensitve (>80%) for
the detection of vegetations (see Figure 31-1), and for
assessing local complications such as valve ring or aortic
root abscesses and valvular destruction or perforation.
A negative TEE does not exclude [E and may occur
when the vegetation is very small, the vegetation has
embolized, or madcquate lmages ar¢ obtaitied.- When
the clinical suspicion of TE is high, a repeat study in
7-10 days may demonstrate previously undetected
vegetations.

Laboratory cvaluation in patients with IE frequently
reveals:

* normocytic anermia (~75% of cases)

* leukocytosis (~30% of cases)

* clevated erythrocyte sedimentation rate (~75% of
Cases)

¢ proteinuria (~50% of cases)

*  microscopic hematuria (—50% of cases)

A positive theumnatoid factor, and false-positive VDR
and Lyme titers may also be noted.

The chest x-ray (CXR) may show consolidation or
evidence of parenchymal abscesses as a result of septic
emboli from right-sided endocardits. The clectrocar-
diogram (ECG) is of limited diagnostic value, but may
show conduction abnormalities (progressive atrioven-
tricular [AV] block) when a perivalvular abscess burrows
into the conduction system.

The diagnosis of IE is relatively casy in patients with
the classic features of bacteremia, vegetations, and
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Figure 3i~] Transesophageal échocardiogram in a patient with mitral valve endocarditis. There is a large,

rounded vegetation (arrow) on the atrial surface of the anterior mitral valve leaflet. LA: left atrium;
EV: left ventricle; RA: right atrium; RY: right ventricle.

Clinical Criteria for Diagnosing Infective Endocarditis (IE)

The clinical diagnosis of IE can be made if a patient has:
2 major criteria, OR
I mejor and 3 minor criteria, OR
5 minor criteria

Major criteria

- Positive blocd culture (22 positive cultures drawn >12 hours apart OR all 3 cultures positive if drawn at least
one hour apart OR a majority positive if 4 or more cultures are drawn)

- Echocardiographic evidence of endocardial involvement

Minor criteria

- Predisposing cardiac condition or intravenous drug use

- Fever {temperature 238.0°C)

- Vascular phenomena: major arterial emboli, septic pulmonary infarcts, mycotic aneurysm, intracranial hemorrhage,
conjunctival hemorrhages, and Janeway lesions

- Immunclogic phenomena: glomerulonephritis, Osler’s nodes, Roth spots, and elevared rheumaroid factor

- Microbiclogical evidence: positive blood culture but does not meet a major criterion as noted above

- Echocardiographic findings: consistent with IE but do not meet a major criterion as noted above
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Antibiotic Therapy for Infective Endocarditis -
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- Antibiotic

NVE with PCN
G-susceptible
S. viridans or S. bovis

NVE with relatively
PCN-resistant
8. viridans or S. bovis

IE due to enterococci

NVE due to MRSA

PVE due o
Staphylococcus

IE due to HACEK
microorganisms

PCN G 12-18 miillion U every 24 hours for 4 weeks, OR

Ceftriaxone 2g once daily IV/IM for 4 weeks, OR

PCN G 12-18 million U every 24 hours with gentamicin | mg/kg IM/IV every 8 hours
for 2 weeks.

PCN G 12-18 million U every 24 hours for 4 weeks with gentamicin 1 mg/kg IMIIV
every 8 hours for 2 weeks.

i PCN allergic: vancomycin | g 1V twice daily for 4 weeks

PCN G 12-18 million U every 24 hours with gentamicin !mg/kg MV every
8 hours for 4—6 weeks, OR

4-6 weeks.

Nafcilfin sodium or oxacillin sodium 2g 'IV”eveby# héurs for 4-6 weeks with
optional addition of gentamicin 1 mg/kg IM/IV every 8 hours for 3-5 days.
If PCN allergic: varicomycin | g IV twice daily for 4-6 weeks

Nafcillin sodium or oxacillin sodium 2g IV every 4 hours with rifampin 300mg every
8 hours for at least 6 weeks, with gentamicin 1.0mg/kg IMAV every 8 hours for

2 weeks.

i MRSA or PCN allergic: vancomycin | g 1V twice daily with rifampin 300mg every
8 hours for at least 6 weeks, with gentamicin 1.0mglkg IM/IV every 8 hours for
2 weeks.

Ceftriaxone 2g once daily IV/IM for 4 weeks OR
Ampicillin I2g every 24 hours IV either continuously or in six equally divided doses
with gentamicin sulfate 1 mglkg IM/IV every 8 hours for 4 weeks

NVE: native valve endocarditis; PVE: prosthetic valve endocarditis; PCN G: aqueous penicillin G; IM: intramuscular; IV:
intravenous; MRSA: methicillin-resistant Stephylococcus oureus; HACEK: Haemophilus parainfluenzae, Hoemophilus aphrophilus,
Actinobacillus actinomycetemcomitans, Cordiobacterium hominis, Eikenefla corrodens, and Kingelta kingae.

embolic phenomena, In those without such features, the  nism identified. It is important that bactericidal anti-
Duke criteria may aid in the diagnosis (see Table 31-3).  biotics be used in order to effectively eradicate the infec-

ton. High dose penicillin G (12 million units daily) is
the usual inidal regimen; vancomyein may be substi-

TREATMENT (see Table 314}

tuted in penicillin-allergic patients. The addition of

------- an amtnoglycoside during the first week of therapy has

OBCC IE is suspected, empiric amiblotxr_ therapy shouid been shown to hasten sterilization of the blood, bt does
be started until the diagnosis is confirmed and an orga-  not improve the cure rate. Once the infecting organism
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< CRAH B PEexapn-RronpepcHA: MYCARI sT o dponwm. 1y >

AR

Infective Endocarditis

Prosthetic Valve Endocarditis

Acute Al or MR with heart failure

Fungal endocarditis

Annular or aortic abscess or aneurysm

Persistent infection with valve dysfunction

Recurrent emboli despite therapy

IE with Gram-negative organisms, or organisms with
poor response to antibiotics

Large mobile vegetations

Early IE (within 2 months of surgery)

Heart failure with valve dysfunction

Fungal endocarditis

Evidence of significant paravalvular regurgitation

Annular or aortic abscess or aneurysm

IE with Gram-negative organisms, or organisms with
poor response to antibiotics

Persistent bacteremia despite 7-10 days of antibiotic
therapy

Recurrent emboli despite therapy

AJ: aortic insufficiency; MR: mitral regurgitation,

i

IE Prophylaxis Recommended

Cardiac Conditions Associated with Infective Endocarditis () =

T e

IE Prophylaxis Not
Recommended

High risk category

Prosthetic heart valves
Previous IE

Moederate risk category

Most other congenital cardiac
malformations

Low or negligible risk category

Isolated secundum ASD
Successfully repaired ASD,VSD, or

Congenital cyanotic heart disease
Surgically constructed systemic
pulmonary shunts or conduits

Acquired valvular dysfunction (e.g.,
senile degenerative valve disease,
RHD)

Hypertrophic cardiomyopathy

MVP with regurgitation and/or
thickened leaflets

ductus
Previous CABG
MVP without regurgitation
Previous rheumatic fever without
valve dysfunction
Cardiac pacemakers, ICD

MVP: mitral valve prolapse; RHD: rheumatic heart disease; ASD: atrial septal defect; VSD: ventricular septal defect; CABG:
coronary artery bypass surgery; ICD: implantable cardioverter-defibrillacor:

has been identified, antibiotic treatmment should be @
guided by sensitivity studies. Most patients will becoe

afebrile within one week of starting antibiotic therapy.

In general, however, 4 to 6 weeks of intravenous anu-
biotic therapy is required to treat IE adequately. .

emboll to major ergaus resulting in ischemia, infarc-
tion, or abscess

= congestive heart filure from valvular destruction

He perivalvular abscess formation
Patients should be closely observed for response to

treatment and the development of complications,
incdluding:

intracramial hemorrhage from ruprured mycotic
aneurysms
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* immunc-complex mediated  glomerulonephritis
resulting in renal insufficiency

Patients at a higher risk of complications include those
with prosthetic heart valves, cyanotic congenital heart
disease, systemic to pulmonary shunts, left-sided I,
S. gurens or fungal IE, recurrent TE, symptoms of >3
months duration, and poor response to antimicrobial
therapy. Serial clinical exam in association with echocar-
diography will identify most mechanical complications.
Recurrence of fever may indicate trestment failure, but
may also result from hypersensitivity reactions to anti-
biotics. “Surveillance” blood cultures are recommended
during antibiotic therapy, especially in staphylococeal
IE, in order to detect persistent bacteremia. Cultures
should also be drawn in the first 8 weeks following com-
pletion of treatment to diagnose relapses.

Despite appropriate  antbiotic therapy, many
patients with IE will require surgery to replace or
repair an infected valve. “lable 31-5 summarizes the
currently accepted indications for surgery in the setting
of IE.

PROGNOSIS

The overall mortality rate in NVE is ~15%. Markers
of increased morlity include advanced age (>65 years
old}, aortic valve infection, congestive heart failure, and
central nervous system mvolvement. The overall mor-
tality rate for PVE is 20-25%.

PREVENTION OF INFECTIOUS
ENDOCARDITIS

In those patients at risk for IF. (see Table 31-6) who are
undergoing dental, genitourinary, or gastrointestinal
procedures, antibiotic prophylaxis is essential to mini-
mize the risk. In general, amoxicillin, 2 grams, or clin-
damycin, 600mg (if penicillin-allergic) given one hour

< CHEE WM EeXARBN—KROBREDCHAR
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before the procedure is the recommended-prophylactic
regimen. In high risk patients undergoing génitourinary
or gastrointestinal procedures, the addition of genta-
micin (1.5 mgfkg TV) is suggested.

1. Risk factors for infective endoearditis include
acquired valvular heart disease, congenital
heart discase, prosthetic heart valves, intra-
venous drug abuse, indwelling central venous
catheters, and prior endocarditis.

2. Mitra] valve prolapse and degenerative valvu-
lar discase are the most common antecedent
conditions.

3. NVE in non-intravenous drug users is usually
caused by streptococd and less commonly by
staphylocoect. The reverse is true of NVE in
intravenous drug users.

4. Prosthetic valve endocarditis oecurring within
the first year after surgery is predominantly
caused by coagulase-negative staphylococci
(Staphylococeus epidermidis), whereas that occur-
ring after the first year is usually caused by
streptococel.

5. Over 80% of patents with IE present with a
fever; the vast majority also have a murmur.

6. When IE is suspected, at least three sets of
blood cultures should be drawn over 24 hours
from different venipuncture sites.

7. Four to six weeks of intravenous antibiotic
therapy is required to adequately treat IF,
although most patients will become afebrile
within one week of starting treatment.

8. Antibiotic prophylaxis is essential in patients at
risk for developing IE.
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---Prosthetic

Heart Valves

Valve replacement surgery is the treatment of choice for
severe valvular heart discase. A variety of prosthetic
valves exist; each has its own benefits and drawbacks.
These valves are quite effective at correcting a variety
of valvular disorders. Unfortunately, they are also prone
to a wvariety of complications, including infection,
thrombosis, and degeneration.

TYPES OF PROSTH ETIC VALVES
. (see Flgme 32-1)

Proqthet:c va]vee may be c13551ﬁed as mcchamcal
prosthetic valves (MPVs) or tissue valves (bioprosthetic
valves [BPVs]). Mechanical valves are usually composed
of metal or carbon alloys, and are available in three main

types:

*  ball-in-cage (Starr-Edwards)

* single dling disk (Bjork-Shiley, Medoronic-Hall, or
Omniscience)

*  bileaflet tlting disk (St. Jude, Medwonic-Hall)

Mechanical prostheses are very durable, lasting at least
20 years; however, they are thrombogenic and require
lifelong anticoagulation. Ball-in-cage valves are the
most thrombogenic, followed by single-tiling-disk
valves; bileaflet-tilting-disk valves are the least throm-
bogenic. The thrombotic potential of these valves is also
dependent, in part, on the position in which they are

thrombaosis than do aortic valve prostheses,
Tissue valves may also be of several different
types:

* heterograft (xenograft): either an explanted animal
valve (usually porcine, ie., Carpentier-Edwards,
Hancock) or a valve created from bovine or porcine
pericardial tissue (Fdwards)

¢ homograft: aortic valves that are harvested from
human cadavers

* autografts: the patients own pulmonary valve is
harvested and placed in the aortic position; a pros-
thetic valve is then placed in the pulimonary positon
(sce below)

The maiu advantage of BPVs iy that they are less throm-
bogenic than MPVs and require only short-term anti-
coagulation (~3 months) after implantation; however,
with the exception of the pulmonary autograft, they are
netas durable and often need wo be replaced 10-15 years
after implantation.

CLINlCAL EVALUATlON

Hcterografts may produce mildly au_cntuatcd heart
sounds, and, when placed in the aortic or pulmonary
pusition, may produce a short ejection systolic murmur.
Frequently, however, tissue valves may be indistinguish-
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Figure 32-1

Diagram of various prosthetic valves. (a) Carpenter-—FEdwards porcine xenograft. (b) Bjork-Shiley

tilting disc valve. {c} Starr-Edwards ball-in-cage valve. {d) St.-Jude Medical bileaflet valve. (Used with permission
from Swanton, RH. Pocket Consultant: Cardiology. Oxford: Blackwell Science, 1998: 108.)

able from mative valves by auscultation. Mechanical
prostheses produce crisp, metallic opening and closing
sounds; in some cases these may be audible without a
stethoscope. Mechanical prostheses also result in short
flow murmurs—systolic in the aortic and pulmonary
positions and mid-diastolic in the mitral and tricuspid
positions. All mechanical valves have mild transvalvar
regurgitation, which is rarely audible. In general,
audible prosthetic valve regurgitation should trigger an
evaluation for valve dysfunction,

DIAGNOSTIC EVALUATION

A baseline electrocardiogram (ECG) and an echocar-
diogram should be obtained postoperatively in all
patients who have undergone valve replacement. In the
absence of specific concerns, patients with hioprosthetic
vilves should have an annual transthoracic echocardio-
gram for the first five years and then biannually there-
after to evaluate valve function and identify early
valvular dysfunction. Signs and symptoms of heart
failure, new murmurs, significant changes in the inten-
sity of the prosthetic valve sounds, embolic events, per-

sistent fevers, and bacteremia should alse prompt eval-
uation with a transthoracic echocardiogram. Frequently,
a transesophageal  echocardiogram (TEE) s also
required to evaluate suspected prosthetic valve endo-
carditis and/or valvular dysfunction. Mechanical valve
leafler mobility and integrity can also be evaluated with
fluoroscopy.

FACTORS AFFECTING THE CHOICE
OF PROSTHETIC VALVETYPE
(sce Table 32-1)

The major advantage of an MPV is its durability,

whereas the major advantage of a BPV is the avoidance

of anticoagulation. Factors to consider when selecting a

valve for a particular patient include:

* patients age

* risk of bleeding

* other indications for anticoagulation (e.g., awmial
fibrillation)

¢ potental for pregnancy
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b il
Prosthetic Heart Valves

Specific Clinical'S i

SR

Clinical Scerigrio Preferred

Reasons for Choice
Valve
Age =70 BPV - Slow valve deterioration in this age group
- Patient less likely to outlive valve
Patient with bleeding risk BPV - Avoids need for anticoagulation
Medication noncompliance BPV - Avoids subtherapeutic anticoagulation of mechanical
valve
Women desiring pregnancy BPV - Avoids need for anticoagulation due to bleeding risk
and teratogenicity
Other indication for anticoagulation MPV - Need for anticoagulation negates advantage of tissue
valve
Most patients age </0 MPV - Greater durability; patients likely to outlive tissue
valve
Childrer; adults age <35 MPV - Rapid deterioration of tissue valve in this age group
- Greater durability
Chronic renal failure MPV - Rapid deterioration of tissue valve in this group
Young patients (<40) with aortic Pulmonary - Avoids long-term anticoagulation risk
valve disease autograft - Excellent durability of autograft in this group

BPV: bioprosthetic valve. MPV: mechanical prosthetic valve,

* medication compliance
* surgical considerations (size of the aortic root)

The surgeon has a central role in valve selection and
must consider such factors as the patient’s size, the
size of the valvular annulus into which the prosthesis
will be sewn, and the hemodynamic profile of the spe-
cific valve (bileaflet tilting discs or bioprosthetic valves
offer a slightly larger orifice than other prosthetic
valves).

The pulmonary autograft (the Ross procedure)
may be the valve replacement procedure of choice n
young patients with aortic valve disease. In this proce-
dure, the patent’s own pulmonary valve is used to
replace the diseased aortic valve and a tissue valve
(usually a homograft) is placed in the pulimonary
position. This is a technically challenging operation, but
the autograft provides excellent durability, grows
with the adolescent or child, and obviates the need for
anticoagulation.

PROBLEMS ASSOCIATED WITH
PROSTHETIC VALVES

Although valve replacement surgery can be lifesaving
and provides significant symptom relief in patients with
severe disease, prosthetic valves themselves are associ-
ated with several potential problets that carry substan-
tial risks of morbidity and mortality.

Valve Thrombosis and Thromboembolism

With mechanical valves, the risk of valve thrombosis
is related to valve type, valve position, and the number
of prosthetic valves present. Ball-in-cage valves, older
tilting disk valves (Bjork-Shiley, Omniscience), tricuspid
and mitral valve positions, and multiple valve prosthe-
ses are associated with higher thrombotic risk. Other
predisposing factors include left ventricle (LV) dysfunc-
tion, inadequate anticoagulation, and a prior history of
thromboembolism. Valve thrombosis can present as
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embolic cpisodes or valve dysfunction, the latier fre-
quently precipitating heart faillure. Despite anti-
coagulation of mechanical valves, there is av least a
[-2%-per-year risk of thromboembolism, which is asso-
ciated with a 0.2% rate mortality. Tissue valves do not
require long-term anticoagulation, and have a slightly
lower thromboembolic complication rate.

Hemorrhagic Complications

Anticoagulation with warfarin carries a (.2%-per-year
risk of fatal intracranial bleeding and 2%-per-year risk
of non-fatal but significant bleeding. Predisposing
factors include advanced age, gait instability, alcoholism,
and the use of medications that potentiate the effect of
warfarin.

Valve Degeneration

Valve degeneration is the main complication limiting
the use of tissue valves. Degeneration, fibrosis, perfora-
tion, and calcification can affect the valve cusps as early
as the fifth postoperative year, and may result in hemo-
dynamically significant stenosis and/or regurgitation.
Usually, the deterioration is insidious; rarely it is acute
with resultant catastrophic heart failure. As many as
60% of hioprosthetic valves may need to be replaced
within 15 years; re-operation carries a 5-15% mortality
risk. Valvolar degeneration may be particularly rapid in
the young, and in those with chronie renal failure or

hyperparathyroidism.

Hemodynamic Issues

Prosthetic valves generally have a smaller orifice area
than the normal, native valve and are intrinsically
mildly stenotic. In patients with a small aortic annulus,
this degree of obstruction may be hemodynamically
significant.

Infective Endocarditis (scc also Chapter 31)

With the exception of the pulmonary autograft, all pros-
thetic valves are prone to endocarditis. This complica-
tion occurs it 3-0% of patients with prosthetic valves.
Early endocarditis (<60 days after surgery) principally
results from perioperative seeding of bacteria, and is
most commonly caused by staphylococeal organisms. It
is associated with a mortality of 30-80%. Late pros-
thetic valve endocardids (>60 days post-op) is usually
caused by streptococd, and is associated with a mortal-

appropriate antibiotic prophylaxis for invasive proce--

dures, and early aggressive treatment of infections
elsewhere are essential for the prevention of prosthetic
valve endocardits.

Hemolysis

Mechanical valves usually resulr in mild intravascular
hemeolysis owing to traumatic destruction of red blood
cells. Perivalvular regurgitation from endocarditis or
suture dehiscence may also cause clinically significant
hemelysis.

Pregnancy-related Problems

Anticoagulation during pregnancy increases the risk of
fetal loss and the risk of peripartum hemorrhage. Preg-
nancy also increases the risk of thromboembolic com-
plications. In addition, warfarin is teratogenic, and first
trimester fetal exposure results in a 4-10% risk of an
embryopathy characterized by telecanthus, small nasal
bones, choanal hypoplasia, and long bone epiphyseal
dysplasia.

Prosthetic heart valve recipients require close

lifelong follow-up.

Mechanical valves are durable for the lifetime
of the patient, but carry a risk of thremboem-
bolism and require lifelong anticoagulation.
Tissue valves do not require chronic anticoag-
ulation, but are not as durable.

Factors 1o consider when deciding which type
of valve should be used in a particular patient
includes his or her age, risk of bleeding, pres-
ence of other indications for anticoagulation,
and pregnancy potential.

Fatal intracranial hemorthage, endocarditis,
hemolysis, and warfarin-induced teratogenic-
ity are other potential complications.

TEE is useful when valvular dysfunction is
present or subacute bacterial endocarditis
suspected.
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Acute pericarditis is a syndrome caused by inflammation
of the pericardium and js characterized by chest pain,
distinctive electrocardiographic changes, and a pericar-
dial friction rub on physical examination.

EPIDEMIOLOGY

The incidence - of pericardial inflammation noted at”

autopsy ranges from 2-6%; however, pericarditis is
diagnosed in only 1 in 1000 hospital admissions, sug-
gesting that this process is often clinically inapparent.
Pericarditis is generally more comnon in men than
women and is fairly uncommon in children,

PATHOPHYSIOLOGY

1 he normal erlcardlum is a smooth, double ]ayered
structure. The visceral pericardinm constitutes the epi-
cardial surface of the heart and is separated from the
parietal pericardinm by the pericardial space. This space
usually contains Iess than 50mL of fluid, which lubri-
cates the pericardium and prevents friction between the
layers during cardiac contracdon. Pericarditis is marked
by infiltration of the pericardivan by polymorphonuclear
leukocytes with eventual deposition of fibrin in the
pericardial space. The inflamed pericardial layers rub
apainst each other during each cardiac contraction,
often resulting in pain and an audible friction rub.

Pericarditis

Inflarnmatory fluid may collectin the pericardium, pro-
ducing a pericardial effusion; large effusions may result
in pericardial tamponade (see Chapter 34). Chronically,
the inflammatory process may produce pericardial
thickening and reduced pericardial compliance, result-
ing inr pericardial constriction (see Chapter 35).

ETIOLOGY

[hc most common causes of acute pericar qu are vu-a]
infections and idiopathic, the latter of which is vsually
presumed to be viral. A variety of other causes have been
identified, including other infections and systemic dis-
eases (Table 33-1).

CLINICAL MANIFESTATIONS

Hlstory

The dlinical history may provide cloes to the canse of
percarditis. For example, a preceding upper respiratory
tract infection suggests viral pericarditis, whereas a prior
history of systemic lupus erythematosus or rheumatoid
arthrnitis suggests antonmmune pericardins. Regardless
of the cause, most patients with acute pericarditis com-
plain of chest pain. This pain is usually sudden in onset,
retrosternal in location, variable in intensity, and may be
confused with angina. Several characteristic features of
pericardial pain include:
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Selected Causes of Pericarditis .~ -

. Electrocardlographlc Stages of Pemt:ardltls '

SRS Wmﬁm&»mmm

Category Examples Smge ST Segment PR Interval . T waves -
|diopathic Unknown, by definition H Elevated Depressed or normal  Upright
Viral Coxsackie A and B virus, HIV, It Normal Depressed or normal  Upright
adenovirus, EBV ) Normal Normal Inverted
Autoimmune  SLE, scleroderma, rheumatoid arthritis, py Normal Normal Upright
Wegener’s granulomatosis
Radiation Mantle radiation for chest
malignancies
Bacterial PReumococcus, Streptococcus best appreciated with the diaphragm of the stethoscope,
Neisseria spp., tuberculosis with the patient leaning forward or in the left lateral
: . decubitus position. Classically, the rub consists of three
Myocardial Dressler syndrome, acute regional y; ; rer e o
A . o components corresponding to atrial systole, ventricular
infarction pericarditis . . .

. _ systole, and ventricular diastole. In many instances, only
Medications  Procainamide, hydralazine one or two components may be heard and are often mis-
Trauma Cardiac surgery {post-pericardiotomy  taken for murmurs. A rub may be intermictent; its pres-

syndrome), cardiac contusion ence is diagnostic for acute pericarditis but its absence

Renal Uremia, hemodialysis associated does not exclude the diagnosis. The dinician should
. always examine the patient for any signs of underlying
Neoplastic Lung and breast cancer, lymphoma, Y P Y 8 ying

melanoma

Miscellanecus  Amyloidosis, sarcoidosis

disorders that may cause pericarditis.

EBV: Epstein-Barr virus; HIV: human immunodeficiency virus;
SELE: systemic lupus erythematosus.

* pleuritic in nature, exacerbated by deep breathing
or coughing '

* alleviated by sitting upright and leaning forward,
aggravated in the supine position

* may radiate to the trapezius tidge and neck

* may be worse with swallowing

Patients with pericarditis will often complain of sys-
temic symptoms, including fevers, myalgias, and gener-
alized fatigue.

Physical Examination

"The classic physical examination finding for acute peri-
carditis is a pericardial friction rub. This is a scracch-
ing, high-pitched, superficial sound noted on cardiac
auscultation, and may be localized over the lefr lower
sternal border or heard across the precordium. A rub is

DIAGNOSTIC EVALUATION

Llectrocaldlogl aphic abnormﬂhtws during acute peri-
cardits reflect inflammnation of the myocardiom under-
Iying the visceral pericardium. They may develop within
hours of the onset of chest pain, and may persist for
days. The typical electrocardiogram (EC(3) abnormali-
ties include (see Figure 33-1):

*  diffuse §

* PR segment depression

ST segment elevation

Over a period of days, a typical evoluton of ECG
abnormalities occurs (see Table 33-2). Once pericardi-
tis has been diagnosed, a search for the underlying
cause is warranted. Serum markers of inflammation
(e.g., erythrocyte sedimentation rate) are invariably
elevated. Specific testing for human inmmunodeficiency
virus (HIV) or other viral antigens, blood cultures,
ASO (anti streptolysin O) titer, autoimmune aniibodies,
and tuberculin skin testing should be considered. An
echocardiogram is not necessary in uncomplicated cases
of pericarditis, but can be wseful if associated myocardi-
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Pericarditis

Figure 33-1 ECG of Stage | pericarditis. Note the diffuse ST segment elevation, and the PR depression in lead

H. A first degree AV block is also present {unrelated).

tis is suspected, and to assess for associated pericardial
effusion.

THERAPY

The cornerstone of acute pericarditis therapy involves

treating the underlying disorder. The inflammatory
process and the associated pericardial pain vsually re-
spond to treatment with nonsteroidal anti-inflammatory
agents (e.g., indomethacin); systenic steroids may be
required for severe, unremitting pain. Anticoagulant
drugs should be avoided in the early stages of peri-
carditis owing to the risk of intrapericardial hemor-
rhage. Viral pericarditis is wsually self-limited and
resolves spontaneously over a period of days without
significant sequelac. Occasionally, recurrent pericarditis
may develop weeks or months later. Acute bacterial
pericarditis is a life-threatening disease and requires
emergent drainage of purulent pericardial fluid and
administration of intravenous antibiotics. Some forms

of pericarditis (especially malignancy-associated) may
result in cardiac tamponade and require emergent per-
cutancous or surgical drainage. Chronically, pericarditis
can result in pericardial scarring and constriction.

" Pericarditis is an- inflafmmatory disease of the:
pericardium,
2. The most common causes of pericarditis are
viral and idiopathic.
3. The dassic features of pericarditis include
pleuritic chest pain, a pericardial friction rub,
and diffuse ST segment elevation and PR
segment depression on ECG.

4. Treatment involves treating the underlying
cause and administration of anti-inflammatory
agents.
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Cardiac tamponade is a characteristic hemodynamic
syndrome resulting from the accumulation of fluid in
the pericardial space with resultant compression of the
cardiac chambers.

ETIOLOGY

Cardiac tamponade may result from any disease process
that can produce pericarditis or a pericardial effusion
{see Table 33-1). The most commmon causes of cardiac
tamponade include:

* neoplasm (50% of cases)
* idiopathic/viral pericarditis (15% of cases)

* uremia (10% of cases)

Other causes include bacterial and tuberculous peri-
carditis, blunt or penetrating chest trauma, myxedema,
systermic lupus erythematosus, aortic dissection with
rupture into the pericardial space, and myocardial
infarction with left ventricular free wall rupture,

PATHOPHYSIOLOGY

I\ormally, the pericardial space contains apprommate]y
50mL of fhuid and the intrapericardial pressure is
similar to intrathoracic pressure (i.e., lower than right
and lefc ventricular diastolic pressures). When addi-

< CRaM M DeXapn-KeHBeRCHA: MYCAHL sT $podT. py >

tional fluid enters the pericardial space, intrapericardial
pressure rises. If the fluid accumulation is rapid,
intrapericardial pressure will rise significantly after only
BO-100mL. If the fluid accomulates gradually, the peri-
cardium may be able to accommodate several liters of
fluid with only a stall rise in pressure.

During diastole, the increased intrapericardial pres-
sure is transmitted to the heart resulting in the simudta-
neous elevation of diastolic pressure in all cardiac
chambers (equilibration of pressures). The increased
ventricular diastolic pressures impair ventricular filling
and result in decreased cardiac output and elevated
jugular venous pressure (JVP). Tachycardia and periph-
eral vasoconstriction occur as a compensatory mecha-
nism. Once the intrapericardial pressure  exceeds
intracardiac  pressure, cardisc compression  occurs,
cardiac output falls precipitously, and hypotension
CNSuLs.

CLINICAL MANIFESTATIONS

History

Patients with tamponade often present with shortess of
breath, lightheadedness, presyncope, or hemodynamic
collapse. Palpitations or chest pain may also be present,
as may symptomns of poor peripheral perfusion such as
confusion and agitadon. Patients with slowly develop-
ing mamponade may present with symptoms of progres-
sive right heart failure (edema, fatigue).
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Physical Examination

The classic features of cardiac tamponade are described
by Beck’s miad:

* elevated jugular venous pressure

s gystemic hypotension

¢ “quiet” heart sounds (blunted transmission of sound
across the precordiurm as a result of pericardial fluid)

Other physical findings include:

* pulsus paradoxus

* tachypnea

* tachycardia

* pericardial friction rub (often absent or evanescent)

The jugular venous pulsations in tamponade classically
demonstrate a rapid x-descent (rapid atrial filling after
atrial contraction) and an absent y-descent (no passive
filling of the ventricle owing to increased ventricular
diastolic pressure) (see Figure 4-1). Pulsus paradoxus
is the inspiratory fall in systolic arterial blood pressure.

Normally during inspiration the increased venous

return causes the right heart to expand, pushing the
intraventricular seprum slightly to the Ieft. ‘This impairs
feft ventricular stroke velume, and accounts for the
normal pulsus paradexus of <10mmHg. In tamponade,
the pericardial effusion limits the total volume capacity
of the heart and the augmented right ventricular {(RV)
filling occurs at the expense of left ventricular (IV)
Glling, resulting in a marked fall in IV stroke volume
and a pulsus paradoxus of >10mmbg. Other causes of
an increased pulsus paradoxus include severe chronic
obstructive pulmonary disease (COFPD) and constrictive
pericarditis.

DIAGNOSIS

The diagnosis of cardiac tamponade is made on the basis
of historical features and physical findings. Ancillary
testing should be used to confirm the clinically sus-
pected diagnosis. Helptul diagnostic modalities include:

a  echocardiogram—demonstrates  pericardial fluid,
compression of cardiac chambers, and mpaired
ventricular diastolic filling (Figure 34-1)

» chest x-ray—cardiac silhouette may appear as a
“water bottle” due to a large pericardial effusion

< CRAH M PERARD-RONBEDHCHA: MYCAHI s7 dponw. py >

S R
Cardiac Tamponade

* elecurrocardiogram  (ECG)y—usually  demonstrates
tachycardia; low QRS amplitude may be present
with large effusions; electrical alternans may ocenr
as the heart swings back and forth within the peri-
cardial fluid (Figure 34-2)

* right cardiac catheterization—demonstrates ele-
vated pressure and equalization of diastolic pressures

Figure 34-1 Echocardiogram demonstrating a large
circurnferential pericardial effusion {arrows) in a patient
with pericardial tamponade. The right atrium is com-
pressed by the fluid and is poorly visualized.

Figure 34-2 ECG demonstrating electrical alternans.
The QRS axis alternates with each beat as the heart
swings within a large effusion.
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THERAPY

Cardiac tamponade is a medical emergency requiring
rapid diagnosis and treatment. "The cornerstone of
therapy is immediate drainage of the pericardial finid.
This may be performed percutaneously via a hollow
bore needle inserted into the percardium from the sub-
xiphoid region (pericardiocentesis). Hemodynamically
unstable patients should be supported with volume
expansion and vasopressors (i.e., dopamine} while
preparing for pericardiocentesis. Following pericardial
drainage, rapid recovery of blood pressure and normal-
ization of heart rate is the rule. The pericardial fluid
should be sent for chemical analysis, culture, and cytol-
ogy. Often,.a catheter is left in the pericardial space for
1-2 ‘days after pericardiocentesis 10 allow continued
drainage. In patients in whom percutaneous drainage
is nmsuccesstul or rapid reaccumulation  of the fluid
occirs, surgical resection of a portion of the pericardinm
(pericardiectomy or “pericardial window™) can be per-
formed. "This allows for chronic drainage of the fluid
from the pericardial space into the left thorax, thereby
preventing recurrent tamponade.
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Cardiac tamponade is caused by the accurmu-
lation of excessive pericardial fhiid.

The most common causes of pericardial
tamponade include malignancies, viral peri-
carditis, and vwremia.

The hemodynamic hallmarks of tamponade
include increased intrapericardial pressure,
elevated and equilibrated intracardiac diastolic
pressures, reduced diastolic filling of the
ventricles, and reduced cardiac output.

Classic features of runponade include hypo-
tension, elevated JTVP, and muffled heart sounds
(Beclds triad).

Other physical findings characteristic of tam-
ponade include tachycardis, prominent x-
descent and absent y-descent in the jugular
venouswaveform, and elevated pulsus paradoxus.
Definitive therapy for tamponade is emergent
pericardiocentesis (acutely) and sorgieal pori-
cardiotomy (for recurrent etfusions).
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Pericarditis

Constrictive pericarditis, one of the sequelae of acute
pericarditis, is characterized by a thickened, noncom-
pliant pericardium that impairs filling of the cardiac
chambers, and, thereby, results in heart failure.

ETIOLOGY

Most cases of constrictive pericarditis evolve following
an initial episode of acute pericarditis; therefore, the
etiologies are similar (Table 35~1). Worldwide, tuber-
culosis is the leading cause of constrictive pericarditis;
however, in developed countries, idiopathic constrictive
pericarditis predominates,

PATHOPHYSIOLOGY

The hallmark of constrictive pericarditis is impairment
of diastele without impairment of systole. Normally, the
pericardium is compliant and allows the ventricles to fill
freely during diastole. After an episode of acute peri-
carditis, fibrosis may develop and can severely reduce
pericardial elasticity. When this occurs, intracardiac
pressures begin to rise. Early in diastole, the ventricles
fill rapidly owing to unimpeded ventricular relaxation
and increased atrial pressure. However, once the cardiac
volume has reached the limits of the constrictive pen-
cardium, further diastolic filling is severely reduced.

< CRAH M peraph-RoHBeDCHA: MYCAHI s% dpowe. Dy >

Throughout diastole, a8 a result of equivalent effects of
the constrictive pericardium on the right and left ven-
tricles, the ventricular pressures are elevated and equal
(Figure 35-1). 'This is to be distinguished from the
hemodynamic pattern of restrictive cardiac disease,
which predominantly affects the left ventride resulting
in elevated, but unequal, right and lefc ventricular pres-
sures during diastole (see Figure 21-3). The elevated
diastolic pressures produce many of the clinical featares
of this syndrome. Systolic cardiac function, however,
remas intact.

CLINICAL FEATURES

History

Elevated right and lefcventricular end-diastolic pressure
may manifest as right and lefc heart failure, respectively.
However, in most patients with pericardial constriction,
right-sided symptoms predominate and include:

* Peripheral edema

*  Abdominal fullness, nausea (resulting from intesti-
nal edema and asates)

= Right upper quadrant tenderness (owing to liver
congestion)

* Fullness in the neck (resulting from elevated jugular
venous pressure [ JVP])
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Common Causes of Canstrictive Pericarditis

Cotegory Exaomples

Infectious Tuberculosis, viral, bacterial

Connective tissue
disorders

Systemic lupus erythematosus,
rheumatoid arthritis

Neoplasms Lung and breast cancer,
mesothelioma, tymphoma,

melanoma
Radiation-induced Following mantle radiation
Trauma Post-cardiac surgery

{diopathic Nonspecific

1 85BPM

LY

Figure 35~1 Intraventricular pressure tracings in a
patient with pericardial constriction. The ventricular
diastolic pressures are equal, elevated, and demonstrate
the “square-root sign” (block arrow) characteristic of
this condition.
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Physical Examination

"The sine qua won of constrictive physiology is elevated

JVP. Classically, the JVP will exhibit-a prominent y-
descent reflecting rapid, initial atrial emptying after the
opeuing of the tricuspid valve (Figute 4-1¢). This occurs
as a result of elevated atrial pressure and unimpeded
carly ventricular diastolic filling, Often, the x-descent is
also prominent. This is to be distinguished from cardiac
tamponade in which the x-descent is prominent but the
y-descent is blunted or absent, owing to the compres-
sive effects of the pericardial flud throughour the
cardiac cycle. Detecting these signs may be diffieult,
especially during tachycardia.

As a result of pericardial consuiction, the normal
inspiratory decrease in intrathoracic pressure is not
transmitted to the cardiac chambers and right ventricu-
far volume therefore does not increase. The increased
venous return instead results in a paradoxical increase
in the JVP with inspiration (Kussmauls sign). This
pattern is not seen with tamponade. Pulsus paradoxus,
an exaggerated drop in the systemic blood pressure with
spiration, is wsually absent in constriction, whereas it
is characteristically present during cardiac tamponade
(see "Table 35-2 and Chapter 34).

Cardiac auscultation may demonstrate an early, rela-
tively high-pitched, 3 heart sound known as a peri-
cardial keock. This sound occurs early in diastole as a
result of the rapid cessation of ventricular filling as the
pericardiurm is stretched to its limit. Other signs of right
heart failure may be present such as hepatic congestion,
peripheral edema, and ascites. Left heart failure is less
cotmanon, but may be present.

DIAGNOSTIC EVALUATION

The clinician should suspect this syndrome in any
patient who presents with new-onset heart failure and a
recent history of pericarditis. There are several diag-
nostic modalities that may aid in diagnosing this condi-
tion (Table 35-3). A chest x-ray may reveal pericardial
calcification in rubercalous pericarditis or other forms
of long-standing pericardial constriction; however,
computed tomography (CT) scanming is a more accu-
rate method of assessing pericardial thickness. An
echocardiogram will reveal an abnormal diastolic filling
pattern with diminished late diastolic ventricular filling.
Cardiac cathetenzation remains the gold standard for
diagnosis and will reveal:
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Constrictive Pericarditis

_ Cardiomyopathy
Pericardial Pericardial Restrictive
Constriction Tamponade Cardiomyopathy
Pulsus paradoxus Usually absent Present Absent

Jugular venous pressure
waveform

Prominent x- and y-
descents

Kussmaul's sign Usually present

LV and RV diastolic
pressure equal and have
“dip and plateau” pattern

Hemodynamic pattern

Prominent x-descent,
absent y-descent

Absent
Equalization of all

cardiac diastolic
pressures

Prominent x- and y-descents

May be present

LV diastolic pressure >5mmHg
higher than RV, both have
“dip and plateau” pattern

LV: left ventricle; RV: right ventricle.

-

‘Modality

'Som'é'Typit.iﬁl:'l;’mdmgé' of Constrictive Iséi;lcardltIS'UéingVarloﬁs Dla'gr.lo.sti.i: Modalities

Typical Findings
Chest x-ray MNormal cardiac size, calcification of the pericardium
CT scan Thickened pericardium, dilated superior and inferior venae cavae
ECG Low voltage of QRS complexes; commonly, atrial fibrillation

Echocardiogram

Dilated IVC, augmented early diastolic transmitral flow, diastolic posterior wall

flattening, thickened pericardium

Cardiac catheterization

Elevated right and left heart diastolic pressures, elevated right atrial mean pressure,

rapid y-descent, equal LV and RY end-diastolic pressures,“dip and plateau” or “square
root” sign, normal cardiac output

ECG: electrocardiogram; IVC: inferior vena cava: LV: left ventricle; RV: right ventricle.

» elevated diastolic pressure in all cardiac chambers

* rapid x- and y-descents on the right amial and
pulmonary capillary wedge pressures

* gapid early diastolic fall in ventricular pressure
followed by a sustained elevation in pressure (*dip
and plateau pattern”; see Figure 35-1)

The “dip” in the ventricular pressure tracing is the result
of vapid, unimpeded, early diastolic ventricular relax-
ation, whereas the “platean” reflects constant ventricu-
lar pressure once the ventricle expands to the limits of

the constrictive pericardium. Occasionally, pericardial
biopsy is required to confirm the diagnosis.

TREATMENT

Patients with limited symptoms of heart failure can
usually be treated effectively with sodium restriction and
diuretics. However, despite maximal medical therapy,
many patients develop progressive symptomatic right
and left heart failure, and subsequently require surgical
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resection  of the  pericardivm (pericardiectomy, or
pericardial “stripping). The operative mortality of
pericardiectomy may be as high as 10%; however, over
9% of patients who survive surgery will improve sig-
nificantly. The proper timing of surgery is controversial;
however, it should be performed before severe right
heart faihure develops.

1. Constrictive pericarditis is usvally a sequela of
acute pericarditis.

2. Classic physical findings of pericardial con-
striction include rapid x- and y-descents in the
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jugular venous -waveform and a  pericardial
lmock.

3. The thickened pericardivn is best visualized
by CT scanning.

4. The gold standard for diagnosis of constrictive
pericarditis ¥ invasive teasurement of intra-
cardiac pressures (Swan-Ganz catheter).

5. Medical treatment of pericardial constriction
consists of diuretics and salt restriction; surgi-
cal pericardiecromy may be required to allevi-
ate the hemodynamic disturbance.
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Although no true physiological threshold exists by
which to define hypertension, it has somewhat arbierar-
ily been defined as a systolic blood pressure >140 mmIHg
or a diastolic blood pressore >90mmHg based on the
average Of WO Or IO Measurements on two or more
occasions. The severity of hypertension can be further
classified according to the degree of systolic or diastolic
pressure elevation (see Table 36-1).

EPIDEMIOLOGY

The EStlm‘itLd prevalemc of hypel tension in the L mtcd
States 1s 20-30%. It is more common in men than in
women (op to the age of 55 years) and in African
Americans than Caucastans, and increases in incidence
with advancing age. Among patients with hypertension,
approximately 30% are unaware that they have elevated
blood pressure and only 25-30% of patients with hyper-
tension are optimally controlled (<140/90mmHg) on
their present medical regimen.

ETIOLOGY

In the vast ma]onry of patients, no cause for h}per-
tension can be determined (pritary or essential hy-

- Hypertension

pertension). Nonetheless, several risk factors for the
development of essential hypertension have been iden-
tifted, including:

* genetic predisposition (family history)
*  male gender

* excessive alcohol consumpuion

*  obesity

* inactivity

¢ increased sodium intake

*  African American race

Secondary hypertension is defined as hypertension due
to an identifiable cause and accounts for only 5-10% of
cases. Etiologies include:

* renovascular disease (renal artery stenosis, fibro-
muscular dysplasia)

* renal parenchymal disease (glomerulonephritis,
polycystic kidney disease)

* endocrine disorders (primary hyperaldosteronism,
Cushing’s syndrome, hyper- or hypothyroidism,
hyperparathytiodism, pheochromocytama)

* carcinoid syndrome

* alcohol and dmg use

* coarctation of the aorta
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Classification of Blood Pressure

Classification® Systolic Diastolic
{mmHg} {mmHg}
Optimal <120 AND <80
Normal <130 AND <85
High-normal i30-139 OR 85-89
Stage | hypertension  140-139 OR 2099
Stage 2 hypertension  160-179 OR 100109
Stage 3 hypertension >80 OR >110

#*For adults who are not taking antihypertensive medications
and are not acutely ill.

¢ obstructive sleep apnea

¢ oral contraceptive use

CLINICAL MANIFESTATIONS

The goals of the clinical evalvation of a person with
hypertension are to determine the presence and extent
of target organ damage (see Table 36-2); to identify
secondary cavses of hypertension and precipitating
or exacerbating factors; and to identfy concomitant
cardiovascular disease risk factors,

HMistory

In general, hypertension is a silent disease until compli-
cations develop, at which time the patient may report
symptoms of cardiovascular, cerebrovascular, or periph-
eral vascular disease. Nonetheless, the elevated pres-
sure itself may cause headaches, chest pain, shortness
of breath, or palpitations. Other important historical
points that should be addressed include the following:

* duration and degree of hypertension

¢ family histery of hypertension, coronary artery
disease (CAD), stroke, diabetes, renal disease, or
dyslipidemia

* history of tobacco, alcohol, or #licit drug use
(including androgen steroids), herbal preparations
(including sympathomimetics such as ephedrine)

Target Organ
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Disease Manifestations

Heart Left ventricular hypertrophy, congestive
heart failure, cardiomyopathy, coronary
artery disease (angina, myocardial
infarction}

Brain Hemorrhagic stroke, encephalopathy

Kidney Proteinuria, renal failure, acute
glomerulonephritis

Eye Retinopathy, papilledema

Peripheral Aortic dissection, transient ischemic

arteries atracks, claudication

* level of physical activity

* dietary intake of sodium, caffeine, and saturated fat
* symptoms of target organ damage

* presence of other CAD risk factors (see Chapter 11)

A secondary cause of hypertension should be suspected
in patients with the following historical features:

* new-onset hypertension in a patient <20 years old or
>50 years old

* severe or refractory hypertension despite maximal
treatment with three or more antihypertensive
agents

* an acute rise in blood pressure over a previously
stable baseline

¢ moderate-to-severe hypertension precipitating flash
pulmonary edema

* negative family history of hypertension

Physical Examination

The physical examination should also be directed

toward identifying signs of end-organ damage,

including:

¢ retinopathy (arteriolar narrowing, arteriovenous
nicking, hemorrhages, exudates, papilledema)

» vascular disease (arterial bruits, diminished periph-
eral pulses)
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* cardiac disease (displaced left ventricular apex, S, S,
pulmonary rales, elevated jugular venous pressure)

»* neurological disease (motor or sensory deficirs
Y

Several physical findings sugpest specific secondary
causes of hypertension, including thyromegaly, cuta-
neows strise (Cushing’s syndrome), abdominal bruits
(renovascular disease), and arm-leg pressure discrepancy
(aortic coarcration).

DIAGNOSTIC EVALUATION

Routine resting in the initial evaluation of hypertension
shouold inclode a complete blood count, electrolytes, uri-
nalysis, fasting glucose, lipid profile, and electrocar-
diography. Additional testing should be directed at
establishing a secondary cavse or identifying specific
target organ damage, as directed by the history and
physical examination.

TREATMENT

General Approach

The need for and intensity of antihypertensive therapy
can be determined by considering the absolute level of
blood pressure elevation as well as a patient’s cardiovas-

Tmatmehti'keéoﬁi'hdéhdétl ns in Hypertension
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cular risk factors and target organ damage. Patients who
have clinical evidence of cardiovascular disease or have
diabetes are considered to be in the same high-risk
group as patients who have target organ damage.
General guidelines with regard to risk classification and
treatment options are summarized in Table 36-3.

The goal of hypertension therapy is to reduce blood
pressure to a level at which target organ damage will be
prevented or limited. The recommended goal blood
pressure levels are as follows:

* for uncomplicated hypertension: BP <140/90 mmHg

* for patients with diabetes, renal failore, or heart
failore: BP <130/85 mmHg

* for patients with proteinoria: BP <125/75 mmHg

Non-Pharmacological Therapy

Antihypertensive treatment generally begins with non-
pharmacological therapy and lifestyle modifications,
incloding weight loss in obese patients, reduction of
dietary sodium intake to <2-3 grams/day, regular exer-
cise, and avoidance of excess alcohol intake. All patients,
regardless of their blood pressure, should be counseled
with regard to smoking cessation. In general, lifestyle
changes can decrease systolic pressure by 2-4mmHg
and diastolic pressure by 1-2 mmHBg.

Stage 2 or 3

Risk . High Normal BP Stage |
(130-139/85-89) (140-159/90-99) (> 160f>100)
No RF Lifestyle modifications Lifestyle modifications Drug therapy +

>§ RE, excluding DM Lifestyle modifications
{for up to 1yr)

Drug therapy if HF, DM,
renal failure; otherwise,

lifestyle modifications

CHD,TOD, DM

{for up to 1y lifestyle modifications
Lifestyle modifications

(for up to 6mo)

Drug therapy -+
lifestyle modifications
Drug therapy + lifestyle
modifications

Drug therapy +
lifestyle modifications

RF: risk factor; DM: diabetes mellitus; CHD: coronary heart disease; HF: heart failure; TOD: target organ damage. Modified
from The Sixth Report of the Joint National Committee on the Prevention, Detection, Evaluation. and Treatment of High

Biood Pressure (JNC VY,
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Pharmacological Therapy
Several classes
including:

of antihypertensive  agents  exist

s diuretics (e.p., hydrochlorathiaznde, furosemide,
spironolactone)

* beta-blockers (e.g., metoprolol, atenolol,

pranolol)

pro-

* calcium channel blockers (e.g., verapamil, diltiazem,
nifedipine, amlodipine)

* angiotensin converting enzyme (ACE) inhibitors
(e.g., captoptil, enalapril, lisinopril)

* angiotensin blockers

valsartan)

recepror losartan,

(e.z.,
» alpha-blockers (e.g., clonidine, prazosin)

* mixed alpha- and bera-blockers (e.g., carvedilol,
labetolol)

s direct vasodilators (e.g., hydralazine, mincxdil)

Almost all agents are reasonable choices for initial drug
therapy. Most antihypertensive agents will result in
an adequate blood pressure response in 40-60% of
patients; however, much variability exists in individoal
responses to different agents. Patents who do not
respond to one antihypertensive drug have a 50%
chance of responding to a different agent,

The general recommendations for initial therapy of
uncomplicated hypertension consist of monotherapy
with either a thiazide diuretic or beta-blocker. Hlowever,
in certain situations there are compelling indications for
vse of a specific agent (see Table 36-4). Several points
regarding antihypertensive therapy are worth noting:

Indications for Specific Drug Therapy

Disease State

Agents of Choice

Diabetes mellitus ACE inhibitor
Heart failuref ACE inhibitor, beta-blocker,
cardiomyopathy diuretic

Coronary heart disease
Isolated systolic
hypertension

Beta-blocker, ACE inhibitor
Diuretic, calcium
channel blocker

ACE: angiotensin-converting enzyme.
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1. Medications should be started ar lower doses and

up-titrated every 1-2 weeks unti] the optimal effect
is achieved.

2. Ifaperson has no response to a particular agent after
2-3 weeks of therapy, a different agent should be
substituted.

3. If a person responds to one agent but the blood
pressure is still not optimally controlled, a second
agent of a different class should be added.

4. If combination therapy is required, the dose of the
first agent should be maximized before initiating a
second drug.

Aggressive pharmacological therapy results in optimal
blood pressure control in 75-80% of patients; however,
on average at least three agents are required to achieve
this result.

HYPERTENSIVE CRISIS

Iha term hypertenswe crisis encompasses a variety
syndromes associated with marked elevation of blood
pressure (systolic BP »230mmHpg, diastolic BP >130
mmHg), including:

* hypertensive urgency: markedly elevated BP with-
out acute target organ damage

* hypertensive emergency: markedly elevated BP with
acute targer organ damage

* accelerated hypertension: markedly elevated BP
with associated retinal hemorrhages or exudates

* malignant hypertension: markedly elevated BP with
associated papilledema

Such profound hypertension requires aggressive
blood pressure reduction. In the absence of symptoms
or acute target organ damage, blood pressure should be
decreased within hours to days. In the presence of symp-
toms or target organ damage, immediate blood pressure
reduction is indicated. Hypertensive crises should be
managed with intravenous agents to achieve an initial
goal of not more than a 25% reduoction in the mean arte-
rial pressure in the first two hours (Table 36-5). Blood
pressure should be further reduced toward 160/100
mmHyg over the next several hours. More rapid reduc-
tions in blood pressure may precipitate cerebral hypo-
perfusion as a result of altered autoregulation of cerebral
blood flow.
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Drug Initial Dose Onset of Duration Spedal Indications
Action of Action
Sodium 5-10pglkg/min Immediate -2 min Most hypertensive
nitroprusside emergencies; use with
caution in elevated 1CP
Nitroglycerin 5100 g/min 2-5min 3-5min Myocardial ischemia
Labetolol 20-80mg every |0min 5-10min 3-6hr Most hypertensive
OR 0.5—2 mg/min emergencies with
infusion exception of acute HF
Nicardipine 5-15mg/hr 5-10min |4 b Most hypertensive

emergencies with
exception of acute HF; use
with caution in coronary

ischemia
Phentolamine 5-15mg -2 min 3—10min Catecholamine excess
{pheochromocytoma,
MAQ interaction)
Hydralazine 10-20mg 10-20min 3-8hr Eclampsia
Esmalol 250-500 pgfleg/min -2 min 1020 min Aortic dissection,
for 1 min, then 50— perioperative
100 pg/kgfmin for 4min
Enataprilat 1255 mg every 6hr 15-30min 6hr Acute heart failure

ICP: intracranial pressure.

e = CAD risk factors or Stage 2 (Table 36-1) or
1. Hypertension is defined as a systolic blood greater hypertension.
~ pressure >140mmIy or a diastolic blood | 4 Drug therapy should be aimed at maximal
pressure >90mmHg based upon the average . blood pressure reduction while minimizing
of two or more measurements on two or more side effects and ensuring compliance.
OCCAsions. 5. Hypertensive crises are potentially Life-
2. Hypertension is categorized as essential or | threatening conditions that require imme-
secondary. - diate reduction in blood pressure.
3. Treatment generally begins with lifestyle '
modifications unless the patient has multiple
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Disorders

The peripheral arteries can he affected by a variety of *
disorders, including atherosclerosis, thromboembolic o
disease, and wvasoconstrictive disorders. These con-
ditions result in impaired blood flow to the brain or
extrermities and account for significant morbidity and
mortality. .

advanced age
hypertension
¢ diabetes mellitus
¢ dyslipidemia
male gender

s cigarette smoking

PERIPHERAL ARTERIAL DISEASE

Atherosclerotic peripheral arterial disease is frequently
associated with coronary and carotid atherosclerotc
disease. Therefore, one should always look for evidence
of CAD in patients presenting with PAD, and vice versa.

Pathogenesis

Peripheral arterial disease (PAD) is most often a mani-
festation of atherosclerosis (see Chapter 11). In the
petipheral vasculature, atheromatous lesions tend to
develop at arterial branch points. The increased rurbu-
lence and shear stress in these areas result in intimal
myjory and stmulate plaque formation. The disease
tends to be diffuse, affecting multiple arteries, the most
frequent of which include:

Clinical Manifestations

History

The principal symptom of PAD is intermittent claudi-
cation, a manifestation of skeletal muscle ischemia
resulting from inadequate peripheral blood flow. The
symptoms cecur distal to the obstructing lesion and are
usually described as a dull ache, cramyp, or limb fatigue
that occurs with exertion and resolves after a few
minutes of rest. Symptoms may be limited to the calf in
the case of femoral-popliteal disease, or may extend to
the buttock, hip, and thigh in the presence of aortoiliac
disease. This latter manifestation may be associated with
impotence (Leriche’s syndrome). In severe, occlusive
PAD, the arterial bleod supply may become mnadequate

* femoral and popliteal arteries (80-90% of affected
patients)

* tibial, peroneal, and more distal arteries (40--50% of
atfected patients)

of affected

* abdominal aorta and iliac arteries (30%
patients)

Rislk Factors

The risk factors for PATY are the same as for coronary
artery disease {CAD), and include:

to support resting metabolic demands and patients may
develop claudication at rest.

I80
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A thorough history includes a search for cardiac risk
factors and symptoms of CAD, as these two disorders
frequently coexist.

Physical Examination
Physical findings of PAD include:

* dummnished peripheral pulses with cool, pale
extremities

* vascular bruits

* shiny, smooth, hairless skin (atrophic changes)

* dependent rubor (reactive hyperemia of legs in
dependent position)

Differential Diagnosis

True claudication must be distinguished from pseudo-
claudication (“neurogenic clandication™). Tiue claudi-
cation results from vascular compromise, is precipitated
by walking, and resclves after standing still. Pseudo-
claudication, a symptom of lumbar spinal stenosis, may
mimic trae claudication by causing exertional leg pain;
however, psevdoclaudication resolves only after sitting
down or changing position.

Diagnostic Evaluation

The diagnosis of peripheral arterial disease can usuvally
be established by a thorough history and physical exam-
ination. Diagnostic testing is reserved for assessing the
severity of the disease. The most coramonly vsed test to
assess PAD is the ankle-brachial index (ABI). Normally,
the systolic blood pressure in the legs is higher than that
in the arms and the ABI is greater than 1.0. Values less
than 0.9 predict peripheral arterial disease with 95%
sensitivity; values less than 0.5 are consistent with severe
ischemia. Duplex ultrasonography can be wseful in
localizing the level of the disease and assessing its sever-
ity. Magnetic resonance angiography (MRA) and
contrast angiography are rarely necessary to diagnose
PADD; however, they are essential tests in patients being
considered for surgical revascularization.

Treatment

The treatment of peripheral arterial disease consists
of nonpharmacological, pharmacological, and surgical
therapies. Nonpharmacological therapies should always
be employed, and include:
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s exercise therapy

* risk factor modification (smoking cessation, lipid-
lowering therapy, aggressive blood sugar control,
antihypertensive therapy)

¢ meticulous foot care to avoid injury and infection

Exercise rehabilitation programs dramatically reduce
symptoms and improve walking distance, likely through
improved endothelial funcdon and collateral vessel
formation.

Antiplatelet agents (i.e., aspirin, dipyridamole, clopi-
dogrel) have been the mainstay of medical therapy for
PAD and may improve symptoms as well as decrease
the need for surgical revascularization. Pentoxifylline
(400myg three times daily), a xanthine derivative with
hemorheologic properties, appears to offer no advan-
tage over exercise rehabilitation alone, Cilostazol
(100mg twice daily), a phosphodiesterase mhibitor that
inhibits plateler aggregation and causes direct vasodila-
tion, reduces clavdication time by 30-60% compared
with placebo and appears to be more effective than pen-
toxifylline. Several novel pharmacotherapies are under
investigation, including serotonin, L-arginine, carnitine
derivatives, and parenteral angiogenic growth factors
(vascular endothelial growth factor, basic fibroblast
growth factor).

Revascularization of peripheral arteries is indicated
for patients with:

* incapacitating clandication
*  rest pain

*  evidence of tissve necrosis

Revascularization may be performed percutaneously or
through an open surgical procedure. The success and
patency rates associated with percutaneous transluminal
angioplasty (F'TA) with stent implantation vary with the
location of the vascular lesion. PTA and stent of the iliac
arteries is associated with a pgreater than 90% acute
suceess rate, and good loeng-termn patency (80% remain
patent after 1 year; 60% after 5§ years). Less favorable
outcomes are associated with femoral and popliteal
interventions (65% 1-year and 40% 5-year patency
rates).

Surgical revascularization procedures can be classi-
fied as aortoiliac or infrainguinal. Aortoiliac recon-
struction is typically performed with placement of an
aorto-bifemoeral prosthetic bypass graft. Infrainguinal
bypass procedures utilize saphenous vein grafts for the
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reconstruction. long-term patency varies with location
and type of graft utilized, and ranges from 70-85%
patency at § years.

ACUTE ARTER!AL OCCLUSION

Acute arterial ucclusmn is a medical emergency. Ir
results in acute limb ischemia and requires emergent
therapy to prevent limb loss.

Pathogenesis

Acute arterial occlusion can occur as a result of embolic
disease, thrombaotic disease, dissection or travma. Most
arterial emboli originate in the heart, usually as a result
of atrial fbrillation or mural thrombi in the left ventri-
cle. Less commonly, peripheral emboli may originate
from thrombi associated with prosthetic heart valves,
from valvular vegetations (endocarditis), or from atrial
myxomas. fn situ thrombosis of a peripheral artery may
occur jn patients with PAD, infrainguinal bypass grafts,
and peripheral aneurysms, especially in patients with
concomitant hypercoagulable stares.

Clinical Manifestations

History & Physical Examination

The history and physical examination of the patient with
acute arterial occlusion are characterized by the “6 Ps”
in the affected extremity:

* pulselessness

s pallor

*  pain

¢ paresthesias

*  paralysis

¢ poikilothermia

A thorough history may disclose prior symptoms
of a preexisting condition (e.g., atrial fibrillation, PAD,
ete.). Additional physical findings may include muscle

stiffness, absent deep tendon reflexes, cyanosis, and
cutaneous mottling.

Diagnostic Evaluation

The clinical presentation should strongly suggest this
diagnosis. Contrast angiography is typically used to
confirm the diagnosis. Following definitive therapy for
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the acute occlusion, transesophagesl echocardiography .
should be performed in patients with a presumed cardiac
source of the embolism.

Treatment

The initdal management of acute arterial occlusion
conststs of analgesia and anticoagulation with unfrac-
tionared heparin. Intra-arterial thrombolytic therapy
has been wsed successfully to treat acute thrombotic
occlusion and decreases the need for surgical thrombec-
tomy by approximately 50%. In cases in which limb
viability is threatened, expedient surgical thromboem-
bolectomy or arterial bypass surgery is indicated. Fol-
lowing a thrombeembolic vascular event, long-term
anticoagulation with warfarin is vsually warranted.

RAYNAUD’S PHENOMENON

Clmacal Mamfestatlons

Raynaods phenomenon is a symprom or physical
finding that is characterized by the sequential develop-
ment of clearly demarcared digital blanching, cyanosis,
and rubor (white-blue-red) upon cold exposure,
This episodic digital ischemia is attributed to arterial
vasospasin. Raynaud’s disease, L.e., idiopathic or primary
Raynauds phenomenon, most commonly occurs in
young womern (20-40 years old), is bilateral, may mvolve
the feet, and follows a benign covrse. Secondary
Raynaud’s phenomena occur in association with a
varjety of systeric  disorders, including  collagen
vascular diseases (e.g., systemic lupus erythemarosus,
progressive systernic sclerosis), vasculitis, pulmonary
hypertension, neurclogical disorders, and blood
dyscrasias. This form of Raynauds syndrome is more
common in older men, is frequently unilateral, is usually
limited to the hands, and may be associated with digital
NIeCTOSis.

Treatment

Most patients with Raynaud’s phenomenon can be
managed with reassurance and avoidance of unnecessary
cold exposure. Pharmacotherapy should be instituted in
severe cases. Calcium channel blockers (e.g., nifedipine
10-30mg three times daily, dildazem 30-90mg three
times daily) have been shown to decrease the frequency
and severity of attacks.
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_ THROMBOANGIITIS OBLITERANS .

Thromboangiitis “obliterans - (TAQ), - also known as
Buerger’s disease, is a vasculitis of the small- and
medium-sized arteries and veins of the upper and lower
extremitics. Cerebral, visceral, and coronary vessels may
also be involved. Young men {<435 years of age) are most
commonly affected. The ctiology of TAQ is unknown,
but there appears to be a definite relationship to ciga-
rette smoking (in virtaally all patients) and an increasex
mcidence of HLA-BS and HLA-A9 antigens in affected
individuals.

Clinical Manifestations

Patients with TAO frequently present with the triad
of claudication, Raynaud’s phenomenon, and migratory
superficial thrombophlebitis. Physical  examination
typically reveals reduced or absent distal pulses (radial,
ulnar, dorsalis pedis, posterior tibial). Trophic nail
changes, digital ulcerations, and gangrene may develop
in severe cases.

Piagnostic Evaluation

The diagnosis is suggested by the disorders character-
istic appearance on arteriography. Smooth tapering seg-
mental lesions of the distal vessels with surrounding
collateral vessels at the site of occlusion are the hallmark
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of TAO. Definitive confirmation is obtained by exci-
sional biopsy.

Treatment

No specific therapy exists for TAO. Smoking cessation
appears moderately effective at halting discase progres-
sion. Surgical reconstruction is of limited applicability
owing to the distal nature of the disease. In severe cases,
amputation may be required.

1. PAD is frequenily associated with coronary
and cercbral vascular disease.

2. True claudication is a symptom of PAD and
must be distinguished from pseudoclaudica-
tion, a symptom of hunbosacral spine disease.

3. Acute arterial occlusion is heralded by the 6
P pain, pulselessncss, pallor, paresthesias,
paralysis, and poikilothermia.

4, Raynauds phenomenon is the result of
vagospastn  and  produces sequential white,
blue, then red discoloration of the digits upon
exposure to the cold.

5. Thromboangiitis obliterans is almost univer-
sally a disease of young, male simokers.
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Diseases of

the Aorta

The aorta, like other vascular structures, is subject to a
variety of disorders, including atherosclerosis, aneurysm
formation, dissection, inflammation, and collagen vas-
cular discases. Disease of this vessel may impair blood
flow to one or more vital organs, thus producing a
varicty of symptoms depending on the particular vascu-
lar territory affected.

AORT!C ANEURYSMS

An ancurysm is a focal (saccular) or diffuse (ﬂl‘;lf()l‘m)
area of vascular dilation. A true aneurysm is at least 50%
greater than the normal vessel diameter and involves all
three layers of the vessel wall. This is in contrast to a
false ancurysm (pseudoaneurysm), which is, essentially,
a contained vascular rupture. The walls of a pseudo-
aneurysm do not include any of the normal vascular
layers; rather, the pseudoancurysm is contained by
perivascular tissue. Aneurysms may arise at any point in
the aorta; involvement of the abdominal aorta is the
IMOST COIMEn.

Epidemiology

The prevalence of abdominal aortic aneurysms in the
US is approximately 50 per 100,000 men and 10 per
100,000 women. The incidence increases significantly
with age; more than 3% of people over the age of 55
years have abdominal aortic aneurysms. Thoracic aortic
aneurysms are less common. In the US alone, aortic

aneurysms account for nearly 70,000 hospitalizations,
40,000 operations, and 20,000 deaths annually.

Risk Factors

Factors associated with 2 higher incidence of aortic
aneurysms inchude:

*  smoking
+ male gender
* advanced age

s hypertension

Other cardiac risk factors (e.g., diabetes mellitus, hyper-
lipidemia) may contribute by accelerating the develop-
ment of atherosclerosis. Genetic factors also play a role;
over one-third of affected patients have a family history
of aneurysmal disease.

Etiology

Several diseases arc associated with the development
of aortic aneurysms (Table 38-1). Atherosclerosis is the
most common predisposing factor for the development
of abdominal and descending thoracic aortic aneurysms,
Cystic medial necrosis, as occurs with hypertension and
connective tissue disorders, is the most common cause
of ascending aortic aneurysms.

Pathogenesis

Atherosclerosis clearly plays a large part in the forma-
tion of aortic aneurysms. These aneurysms have a

184
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Diseases Associated with Aortic Anéur‘yshﬁﬁ S

Disease Category
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Examples

Atherosclerosis —

Cystic medial necrosis

Hypertension, Marfan’s syndrome, Ehlers-Danlos disease, Turner’s syndrome,

osteogenesis imperfecta

Congenital abnormalities
Infection
Spondyloarthropathy
Vasculitis

Trauma

Syphilis, tuberculosis

Ricuspid or unicuspid aortic valve, aortic coarctation

Reiter’s syndrome, ankylosing spondylitis, rheumaroid arthritis
Takayasu's arteritis, giant cell arteritis

Blunt chest trauma, iatrogenic

predilection for the infrarenal abdominal acrta, owing
in part to the ahsence of vasa vasorum in the media of
this region of the aorta. Altered synthesis and expres-
sion of types I and I procollagen, destruction of elastin
and collagen in the vascular media by cytokine-induced
metalloproteinases, and medial neovascolarization also
contribute to the pathogenesis. These changes weaken
the aortic wall allowing it to expand. As the aorta
enlarges, wall tension increases (LaPlace’ law), and
progressive dilation ensucs.

Clinical Manifestations

History

The majority of abdominal aortic aneurysms and almost

half of thoracic aortic aneurysms are asymptomatic at

the time of diagnosis. When symptoms are present, they

relate to the size and location of the aneuarysm.
Thoracic aneurysms may cause:

» chest or back pain {(compression of adjacent thoracic
structures)

* dyspnea (compression of phrenic nerve or tracheo-
bronchial tree; aortic insufficiency)

¢ dysphagia (esophapeal compression)

* hoarseness (compression of the left recurrent laryn-
geal nerve)

* cough, wheezing, hemoptysis (compression of tra-
cheobronchial tree)

* superior vena cava syndrome

* symptoms of coronary, cerebral, renal, mesenteric,
lower extremity, or spinal ischemia {rarely)

Abdominal aneurysms may cause:

* abdominal, back, leg, groin, or flank pain

* anorexia, nausea, vomiting (compression of gas-
trointestinal tract)

* unilateral leg swelling (compression of left iliac vein)
The pain of an aortic aneurysm is usually a steady,
gnawing pain that is unaffected by exertion. An acute
increase in the pain usually heralds aneurysm expansion
or rupture. Thrombus may form within an aneurysm
and subsequently embolize, resulting in acute vascular
occlusion (see below).

Physical Examination

Physical findings of aortic aneurysms vary with the loca-

tion of the aneurysm. Ascending aortic aneurysms may

be associated with:

s a diastolic murmur of aortic regurgitation due to
distortion of the aortic annulus

* a pulsatile mass in the sternal notch
Abdominal acrtic aneurysms may be associated with:
* a pulsatile abdominal mass

* an abdominal bruit

Carotid and femoral bruits as well as dirminished periph-
eral pulses are frequently present in patients with aortic
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aneurysms, and are caused by coexistent peripheral vas-
cular disease (see Chapter 37).

Diagnostic Evaluation

Asymptomatic thoracic aneurysms tnay be detected by
routine chest x-ray because they result in widening of
the mediastinum, enlargement of the aortic knob, or
displacement of the trachea. Abdominal aneurysms may
also be an incidental finding noted by calcification of a
dilated acrea on abdominal radiographs. In patients
with suspected thoracic aortic aneurysms, computed
tomography (CT) with intravenous contrast and mag-
netic rescnance angiography (MRA) are both accurate
methods of assessing aneurysm size and determining
its location with regard to branch vessels. Ultrasound is
the usual initial imaging modality for the diagnosis
of abdominal aortic aneurysms (sensitivity approaches
100%), and it can be used as a screening tool in
high-risk patients. Angiography remains the preferred
madality for imaging aortic aneurysms before corrective
Sl‘irgery.

Approximately 25% of patients with thoracic aortic
anewrysms have coexistent abdominal aneurysms, and
more than 10% of patients with aortic aneurysms have
peripheral vascular aneurysms. Therefore, a full vascu-
lar evaluation is warranted when an aortic aneurysm is

identified.

Natural History

The major risks associated with aortic aneurysms arc

dissection (see below) and vascular rupture. The risk of

rupture is directdy related to:

¢ the size of the aneurysm (risk is very low for
ancurysms <4cm in diameter. Risk is high for
abdominal aneurysms >$ em in diameter [two-year

risk >20%] or thoracic aneurysms >6cm in diame-
ter [risk of rupture ~30%])

* the rate of expansion of the aneurysm (risk increased
it expansion >0.5 cm/yr)

* the presence of symptoms

Treatment

Surgical correction is the definitive therapy for aortic

aneurysms. Indications for surgery include:

¢ the presence of symptoms attributable to the
aneurysm

* abdominal aortic aneurysms >5em
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* thoracic - aortic ancmysm's »6em (>5.5cm in
Marfan’s syndroroe}

¢ rapidly expanding aneurysms (>0.5 cm/yr)

* thrombotic or emholic complications

Endoluminal stent grafting is a novel, less invasive alter-
native for the repair of aortic aneurysms. Successful
repair is achieved in 80-90% of cases with a mortality
rate of ¥-10%. This technique is currently applied to
abdomninal ancurysms in limited cases, and remains
investigational in thoracic anewrysm repair.

Smaller, asymptomatic aneurysms may be managed
medically with aggressive blood pressure control
and heta-blocker therapy. Beta-blockers decrease shear
stress in the aorta and may decrease the rate of aneurysm
expansion and risk of rupture. Reduction of other car-
diovascular risk factors is also essential (see Chapter 11).
In patients managed medically, serial imaging every
¢ months (usually with CT' scanning for thoracic
aneurysms, or ultrasound for abdominal aneurysims) is
required to assess for aneurysm expansion.

Prognosis

Sixty percent of patients who suffer a ruptured aortic
aneurysm die before reaching the hospital and 50% of
the remainder die perioperatively. Elective thoracic
aneurysm repair is associated with a 30-day mortality
that approaches 10% and a significant risk of morbid-
ity, namely stroke and renal failure. The mortality of
abdominal aortic ancurysm repair is somewhat less
(2-5%).

AORTIC DlSSECTiON

An aortic dissection is a tear of thc mtzma[ hnmg of the
aorta that allows intraluminal blood to enter the vascu-
lar wall and then propagate down a dissection plane
between the intima and media of the vessel. More than
2,000 cases occur in the US each year.

Classification

Aortic dissections are classified according to their
anatomic location (see Figure 38-1) and their duration.
Sixty-five percent of aortic dissections begin in the
ascending aorta, 20% in the descending thoradic aorta
(distal to the left subclavian artery at the ligamenmim
arteriosum), and 10% in the aortic arch. Only 5%
criginate in the abdominal aorta. Dissections that have
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DeBakey:

Stanford: A

Figure 38-1

Anatomic classifications of aortic dissections. DeBakey classes [ and Il and Stanford class A involve

the ascending aorta. DeBakey class lll and Stanford class B involve only the descending aorta. Hatched areas

represent the false lumen.

Cystic medial
necrosis with
an intiral tear .

Rupture of vasa
vasorum with
intramural
“hematoma

Figure 3B-2 Pathogenesis of aortic dissection.

been present for less than two wecks are classified as
acute, while dissections of greater than two weeks’ dura-
tion are termed chronic. Both prognosis and manage-
ment vary with the different types of aortic dissections
{see below).

Pathogenesis

The intimal tear may occur following rupture of an ath-
erosclerotic plaque or as a result of stretching of an
aortic ancurysm. It may also follow rupture of the vasa
vasorum within the aortic media (see Figure 38-2). This
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later mechanism results in hemorrhage within the vas-
cular media (an intramural hematoma) that may then
rupture into the vascular lumen creating an intimal tear.
Once the disscetion plane is established, it may
propagate proximally or distally, thereby creating a false
channel. This channel may subsequently thrombose, or
may rupture back into the vascular space, allowing
continued Aow in both the true and false lumen.
Several conditions predispose to aortic dissection,
including:
* aortic ancurysms (inainly atherosclerotic)
* conpective tissue discases (Marfans syndrome,
Eblers-Danlos syndrome)

*  frauma

Clinical Manifestations

History

More than 90% of patients with acute aortic dissection
present with the abrupt onset of severe pain that is local-
ized to the chest or back and described as sharp,
“ripping,” or “tearing.” The pain often radiates to the
neck, jaw, flanks, or legs. Less common symptoms
include:

* syncope
* congestive heart fuilure (acute aortic  valve
insufficiency)

* stroke (carotid artery dissection or impaired cerebral
blood flow)

* paraplegia (spinal artery occlusion)

* myocardial infarction (coronary artery occlusion)

* sudden cardiac death (pericardial tamponade, aortic
ruptuare)

Physical Examination

Hypertension is the most commen finding in patients
with distal dissections, whereas those with proximal dis-
sections frequently present with hypotension as a result
of acute aortic insufficiency or pericardial tamponade.
Other physical findings may include:

* pulse deficits, asymmetric extremity blood pressures

(>30mmHg difference), or acute limb ischemia
(occlusion of limb vessel by dissection flap)

* diastolic murmur of aortic insufficiency

* left pleural effusion ¢hemothorax from rupture of
aneurysm into the plevral space)
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* paraparcsis, paraplegia, focal neurological deficits

* cardiac tamponade (rupture o pericardial space)

Rarcly, patients with dissection of the aorta may
present with hoarseness, hemoptysis, pulsating neck
mass, Horner’s syndrome, hematemesis, or upper atrway
obstruction.

Diagnostic Evaluation

Chest x-ray often provides the first clues ro the diagno-

sis of aortic dissections by revealing:

* widening of the mediastinum (Figure 38-3)

* “calcium sign” (separation of intmal calcification
from outer aortic soft tissue border)

¢ pleural effusion

* racheal deviation

Routine blood tests are typically nondiagnostic, al-
though a novel immuncassay for smooth muscle
myosin heavy chain has been recently introduced and

Figure 38-3 Chest x-ray of a patient with an acute
aortic dissection. Note the marked widening of the
mediastinal shadow (arrows).
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appears to be a promising diagnostic technique in acute
dissections.

Several imaging modalities, including CT, MR, and
echocardiography, have been employed to aid in the
rapid diagnosis of this disorder (see Table 38-2). Selee-
tion of a diagnostic test requires knowledge of the
testing and expertise available at the institation as well
as consideration of the patent’s clinical status. In criti-
cally ill, hemodynamically unstable patients, trans-
esophageal echocardiography is the test of choice
because it is rapid, portable, and highly sensitive for
identifying thoracic aortic dissections (Figure 38-4). In
more stable patients, and patients with suspected
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Disecases of the Aor

abdominal aortic dissections, CT or MR is invaluable
(Figure 38-5),

Treatment

Prompr, aggressive medical therapy aimed ar lowering
blood pressure and decreasing left ventricular contrac-
tility 18 crucial to the management of aortic dissections
(see 'Table 38-3). All patients should be treated with
beta-blockers w decrease the rate of pressure develop-
ment (dP/dT) within the aorta, even if they are nor-
motensive, The overall mortality of an untreated aortic
dissection is ~1% per hour for the first 48 hours, and

Diagnostic Tests in the Evaluation of Aortic Dissection

Test Advantages Limitgtions Sens/Spec
Transesophageal Performed at bedside; Distal dissections may be Sensitivity: 98%
echocardiogram- - rapid; readily available; missed; specificity dependent Specificity: 77-97%
(YEE) ' can assess LV function, on strictness of diagnostic

valvular function, and criteria

pericardial disease; no

“contrast required;

reasonable cost
Contrast Rapid: readily available; Intimal flap often not Sensitivity: 85-95%
enhanced . - can assess entire aorta; identified; site of entry Specificity: 87-100%
computed . . 'honinvasive; reasonable rarely seen; requires
tomography ~ cost intravenous contrast; no
¢+ CT) - information about aortic

- regurgitation

Magnetic Fairly rapid; noninvasive; Not ideal for very unstable Sensitiviry: 98%
resonance no contrast required; can patients as patients are Specificity: 98%
angiography assess éntire aorta and its inaccessible during study;
{(MRA) -~ branches; can assess 1V metal objects cannct be in

function and aortic vicinity of scanner;

regurgitation moderate cost

Fairly rapid: can assess False negative results occur Sensitivity: 85-90%

Aortography
R entire aorta and its
‘branches; can assess LV
funiction and aortic
regurgitation -

with simultanecus
opacification of true and
false lumens; invasive;
requires intravenous
contrast; high cost

Specificity: 94%

LV; left venrricle.
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Figure 38-4 Transesophageal echocardiogram in a
patient with a dissection of the descending thoracic
aorta An intimal flap (arrow) separates the true lumen
(TL) from the false lumen (FL).
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65-75% in the first two wecks. Mortality of ascend-
ing aortic dissections is significantly improved with
emergent surgical repair {~25% with surgery versus
~60% with medical therapy). Conversely, descend-
ing aortic dissections are better managed without
surgery unless vascular compromise is present (inortal-
ity ~10% with medical management versus ~30% with
SUrgery).

Surgical therapy includes resection of the damaged
aortic segment, decompression of the false channel, and,
often, resuspension of the aortic valve. Indications for
surgery include:

* acute ascending aortic dissection
* any acrtic dissection in patients with Marfan’s
syndrome

* acute distal dissections complicated by vascular com-
promise, aneurysm formation, rupture or impending

Figure 38-5

CT scan of a patient with a descending aortic dissection. AO: aorta; IF: intimal flap.
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ﬁedlcat:ldns Used in the Acute Mana'gement:'o.f
Aortic Dissection Complicated by Hypertension

Drug Dose

Propanolol S5mg IV load; | mg IV every 5min
{maximum dose 10mg)

Labetolol 5-10mg IV every 2min; then
40120 mg/br

Metoprolol 5mg IV every Zmin up to 15mg; then
50mg PO every éhr

Esmolol 30mg IV load; 3-12 mgfmin infusion

Sodium 20 ug/min, titrate up to control BP

nitroprusside*  (maximum 800 pig/min)

Enalaprilat 0.625 mg IV; 0.625-5.0mg every 6hr

*It is recommended that therapy with sodium nitroprusside
be preceded by the administration of beta-blockers, because
the vasodilation associated with nitroprusside can result in
reflex activation of the sympathetic nervous system with
enhanced contractility and increased shear stress.

IV: intravenous; PO: by mouth; BP: blood pressure.

rupture, or retrograde propagation to the ascending
acrta.

As in the elective repair of aortic aneurysms, the use of
endovascular stents in the treatment of acute aortic dis-
section is under investigation.
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Diseases of the Aorta

AQRTITIS

- Taksdyasu’s artéritis and giant cell arteritis are the prin-

cipal inflammatory diseases of the aorta. Aortitis can also
occur in diseases such as systemic lupus erythematosus,
syphilis, Wegeners granulomatosis, Behgets discase,
and Cogan syndrome, and as a complication of
Kawasaki’s disease. Systemic manifestations including
fevers, malaise, fatigue, and weight loss are commeon.
The aortic inflammation may narrow the aorta or its
major branches and result in limb or organ ischemia.
Treatment usually includes glucocorticoid  therapy;
however, recurrences may occur.

1. Leaking/ruptured aortic aneurysms and acute
ascending aortic dissections require emergent
surgical treatment.

2. Ascending aortic aneurysms are usually the
result of cystic medial necrosis, whereas
descending aortic aneurysms are usually
atherosclerotic.

3. Asymptomatic thoracic aortic  aneurysms
should undergo surgical repair if they are >6
cm, whereas asyimptomatic abdominal aortic
aneurysms should undergo surgical repair if
they are >Fom.

4. Ascending aortic dissections require surgical
repair, whereas descending aortic dissections
are usually managed medically.

5. Takayasu’s arteritis and giant cell arteritis are
' the principal inflamnatory diseases of the aorta.
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Carotid Arterial

Disease

Cerebrovascular disease (CVD) is the third leading
cause of death in the United States. A cerchrovascular
accident (CVA) (i.e., stroke) carries an acute mortality
of 20%, has a five-year mortality of 50%, and produces
substantial morbidity in survivors. Carotid artery
disease represents a major cause of CVD. This chapter
discusses the evaluation and management of carotid
arterial discase, but does not discuss the managetment of
the neurclogical syndromes that result.

PATHOPHYS!OLOGY

The pathophy smiog‘, of carotxrl d]scase is that of athcr—
osclerosis (see Chapter 11). The most common site of
atheromatous lesion formation in the cercbral circula-
tion is within 2 am of the origin of the internal carotid
arteries. These lesions impair cerebral blood flow and
result in cerebral ischemia, that produces neurological
symptoms. The ischemia may result from either a severe
flow-limiting carotid stenosis with inadequate collateral
circulation, or from embolic phenomena originating
from the site of the stenosis.

A carotid stenosis causes local acceleration of blood
flow that can be heard as a bruit over the involved
vessel. Among patients with carotid bruits, only 35-40%
have hemodynamically significant carotid artery disease.
Moreover, the absence of a carotid bruit does not
exclude the presence of significant carotid artery disease.
Patients with carotid bruirs have an increased risk of

transient ischemie attack (TEA) or CVA; however, these
events are not always in the vascular territory supplied
by the affected artery.

CLINICAL MAN!FESTATIONS

Hlstory

The vast majority of patients with carotid artery disease
are asympromatic. Symptoms, when present, occur as a
result of cerebral ischemia and reflect the specific cere-
bral territory involved. Common presenting symptoms
incluade:

¢ arm and/or leg weakness

* change in vision

difficulty speaking

difficulty walking

unilateral facial droop

Less common symptoms include headache, confusion,
and seizure. Loss of consciousness is a distinctly
uncommon presentation of carotid disease owing to the
fact that it requires cither hilateral cortical ischemia or
brainstern ischemia, neither of which should occur in
the setting of unilateral carotid disease. Many patients
do not recognize their own neurclogical deficits, and are
instead brought to medical attention at the insistence of
others.

192
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The clinical syndromes resulting from carotid arte-
rial discase may be classified on the basis of the dura-
tion of the associated neurological deficit.

* A transient ischemie attack is an ischemic neuro-
logical symptom lasting less than 24 hours,

» A reversible ischemic neurologic deficit (RINIY)
is an ischemic event of 24 hours to 72 hours in
duration.

¢ A permanent neurological deficit is termed a cere-
brovascular accident or stroke.

Physical Examination

In the absence of a cerebral ischemic event, the
physical examination may be completely normal,
although a carotid bruit may be noted. The specific
neurological abnormalities present during a TIA or
following a CVA vary depending on the Jocation and
extent of cerebral ischemia/infarction present. Common
findings include:

e contralateral homonymous hemianopsia
*  hemiparesis
¢ hemisensory loss

* aphasia (dominant hemisphere ischenma)

* hemineglect (nondominant hemisphere ischemia)

* transient monocular blindness (amuarosis fugax)
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Crotid Arterial Diseasé

* constructional apraxia (nondominant hemisphere
ischemia)

Careful physical examination may also disdose evidence
of coronary or peripheral vascular disease, as these
conditions often coexist.

Diagnostic Evaluation

Imaging of the carotid arteries is warranted both in
patients with asymptomatic carotid bruits and in
patients who have suffered a transient or permanent
cerebral ischemic event. Carotid duplex ultrasound is
the usual initial test following a TIA/CVA and can be
used as a screening test in patients with suspected
carotid disease. Although reasonably accurate {sensiti-
vity: 91-94%,; specificity 95-99%), it can only visualize
the cervical portion or the carotid artery. Magnetic res-
onance angiography (MRA) and computed tomography
(CT) are more sensitive studies and can image the
intracranial as well as the carotid vessels. However, these
studies are more expensive and less readily available.
Additionally, MRA cannot be performed in patients
with pacemakers or other metal implants, and CT
angiography 1s invasive and requires the use of intea-
venous contrast. Cerebral angiography remains the gokd
standard for imaging the carotid arteries; however, it is
usually reserved for patients who are undergoing carotid
endarterectomy (see below).

Recommendations Regarding Carotid Endarterectorny (CEA) in

Patients with Carotid Artery Disease, Based on Stenosis Severity

and the Presence or Absence of Symptoms

CEA Acceptable

CEA Beneficial

CEA Not
Indicated but of No Proven
Benefit
Symptomatic <30% stenosis  30-69% stenosis
(NNT* 67) (NNT 20)
Asymptomatic  <60% stenosis
(NNT 83)

70-99% stenosis®
(NNT 8)
60-99% stenosis”
(NNT 48)

#NNT signifies the number needed to treat to prevent one ischemic stroke.

*Provided surgical risk <6%.

®Provided surgical risk <3%.
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Treatment

The treatment of carotid artery discase depends upon
the presence or absence of symptoms and the severity
of the stenosis. Nonpharmacological therapy is applied
to all patient groups with carotid artery disease and con-
sists of aggressive risk factor modification (blood pres-
sure control, blood sugar control, smoking cessation,
and lipid-lowering therapy).

Antiplatelet therapy is the mainstay of medical man-
agement for carotid artery disease. Aspirin has been
shown clearly to decrease the risk of subsequent stroke
in patients who have suffered a TIA or CVA. The appro-
priate dose is not yet clear, but low doses (81 mg/day)
appear to be as effective as higher doses (2325 mg/day).
The efficacy of stroke prevention with clopidogrel
(75 mg/day) is at least equal to, and may exceed that of,
aspirin. The utility of either of these agents in patients
with asyroptomatic carotid disease is not dlear, Warfarin
is not routinely indicated in the therapy of carotid artery
disease {(in the absence of stroke), but it is often used in
patients with very severe stenoses awaiting surgery, and
in patients who have recurrent ischemic events despite
antiplatelet therapy.

Surgical therapy for carotid artery stenosis con-
sists of resection of the carotid plaque, ie., carotid
endarterectomy (CEA). Long-term antiplatelet therapy
is an obligatory adjunct to this surgery. CEA clearly
reduces the long-term risk of CVA in patients with
symptomatic carotid disease. The dara is less dear for

patients with asymptomatic carotid stenoses, although
patients with moderate to severe carotid artery stenoses -
(>60%) likely benetit. Table 391 summarizes the cur-
rently accepted criteriz for CEA in symptomatic and
asymprotatic carotid disease. Percutaneous translumi-
nal carotid angioplasty and carotid stent placement hold
promise for the treatment of carotid disease; however,
they currently remain experimental procedures in the

Us.

1. Carotid artery discase is predominantly the
result of atherosclerosis,

2. Significant stenosis of the carotid artery may
occur in the absence of symptoms.

3. Neurological symptoms resulting from carotid
artery disease may be transient (T1A, RIND) - -
or permanent {CVA).

4. Al patients with symptomatic carotid disease
should receive antiplatelet therapy.

5. Carotid endarterectomy is  indicated in
patients with symptomatic, moderate to severe
carotid artery stenoses (>70%), and should
be considered in asymptomatic patients with
>60% carotid artery stenosis.
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‘Deep Venous

Thrombosis
and Pulmonary
Embolic Disease

VENOUS THROMBOEMBOLIC DISEASE

Venous thromboembolic (VI'E) disease accounts for
significant morbidity and mortality. Over 300,000
cases of pulmonary embolism (PE) occur in the United
States annually, accounting for 50,000 to 150,000
deaths cach year, The mortality rate of untreated
PE is approximately 30%. Despite advances in diag-
nostic modalities and therapeutic strategies, it is
estimated that the majority of patients with PE remain
undizgnosed.

PATHOPHYSIOLOGY OF
VENOUS THROMBOSIS
~AND PULMONARY EMBOLI

Venous thrombosis most commonly involves the deep
veins of the lower extremitics, although the superficial
veins, veins of the upper extremity, and pelvic and renal
veing may also be involved, Predisposing factors involve
stasis, vasewlar injury, and hypercoagulability
{(Virchow’ triad). Both hereditary and acquired factors
contribute (see Table 40-1). Venous thrombosis is
usually associated with inflammation of the vessel wall
(thrombophlebitis). The thrombi may detach,
embolize through the venous system, and lodge in the
pulmonary arteries. Large thrombi may lodge in the

main pulmonary artery bifurcation causing hemody-
namic instability (saddle embolus), whereas smaller
emboli ladge in distal pulmonary arterial branches and
may be clinically silent.

Occlusion of small pulmonary arteries results in
increased pulmonary vascular resistance (both directly,
and indirectly via release of vasoactive substances from
the thrombus), pulmonary hypertension, right ventric-
ular hypertrophy, and, eventually, right ventricular
failure. The PE also impairs gas exchange in the affected
lung regions resulting in hypoxemia and an increased
alveolar-arterial  oxygen gradient (A-a gradient).
Pulmonary infarction occurs infrequently (<10% of
pulmoenary embaoli).

CLINICAL MANIFESTATIONS

History

The most common presenting complaint associated
with 2 DV is calf pain. Additionally, patients may note
unilateral leg swelling, erythema or warmth, and may
have low-grade fevers. When obtaining a history from
a patient with DV'L; it is important to note the follow-
ing:

* history of trauma or other injury

+ history of recent prolonged immobility
ry F g y
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Causes of Venous Thromboembolic Disease

Acquired Conditions

Factor V Leiden mutation

Activated Protein C resistance

Protein C deficiency

Protein § deficiency

Antithrombin il deficiency

Prothrombin G20210A mutation

Hyperhomocyst{e)inemia

Antiphosphelipid antibody
syndrome

Plasminogen deficiency

Dysfibrinogenemia

Factor XlI deficiency

Inherited thrombophilia

Etevated factor VIIE coagulant

Stasis:

- Immobilization (stroke, spinal
cord injury, prolonged travel)

- Obesity

«  Pregnancy

- Advanced age

- Heart failure

Vascular injury:

« Trauma

- Surgery

- Indwelling venous catheters

- Prior deep venous thrombosis

Hypercoagulability:

- Surgery
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activity - Malignancy

- Oral contraceptives

- Smoking
- Pregnancy

-~ Nephrotic syndrome

* use of prescription medications, recreational drugs,
or tobacco

* prior history of thrombosis or abnormal bleeding

* history of malignancy

* family history of thrombosis

Patients with recurrent DVIs frequently have a
hypercoagulable  state. Patients with underlying
carcinoma (especially adenccarcinomas) may have 2
migratory superficial thrombophlebitis (Trousseau’s
syndrome).

The most common presenting symptom of PE is
sudden dyspnea, which occurs in approximately 80% of
patients. Additional symptoms include:

* pleuritic chest pain (66%)
* cough (35-40%)

¢ hemoptysis (10-15%)

* syncope (10%)

Physical Examination

Physical findings associated with DV'Ts may include the

following:

*  calf asymmenry, erythema, warmth, and/or tenderness

* pedal edema

* Homans’ sign {(calf pain with resisted dorsiflexion
of the foor)

*  venous engorgement

* palpable thrombosed vein (a cord) in the posterior
calf

* phlegmasia cerulea dolens (cyanotic hue due to
deoxygenated hemoglobin in stagnant veins)

¢ phlegmasia alba dolens (pallor assuciated with

massive edema)

The phystcal examination of patients with PE may be
normal but often demonstrates signs of pulmonary
hypertension or right heart failure including:
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* tachypnea (70%)

* tachycardia (40%)

* eclevated jugular venous pressure with prominent V
waves

* right-sided S; or S,

*  murmur of tricuspid regurgitation

* accentuated pulmonic component of §; (P2)

* right ventricular heave

The Tung fields are usually clear, although a pulmonary

rub may be heard over the involved area of lung when
pulmonary infarction has occurred.

DIFFERENTIAL DIAGNOSIS

The differential d]agnoclq of DVT includes cellulitis,
venous  insufficiency, ruptured Bakers cyst, lym-
phedema, and muscular injury. The differential diagno-

s Clinacal Suspicion for PI ‘

Deep Venous Thrombosis and Pulmeonary Embolic Disease
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sis of PE includes pnewmonia, pleurisy, pneamothorax,
myocardial infarction, pericarditis, congestive heart
failure, and anxiety.

PIAGNOSTIC EVALUATION
{(see Figure 40-1)

Duplex venous ultrasonography is the most common
test used to confirm the diagnosis of DVT and has a sen-
sitivity and specificity of >95%. Other noninvasive tests
(e.g., impedance plethysmography) are used less fre-
quently. Contrast venography remains the gold standard
for the diagnosis of deep venous thrombosis (DVT)
(sensitivity and specificity  100%) but is typically
reserved for cases in which noninvasive testing is
equivocal.

In patients with PE, arterial blood gas analysis typi-
cally demonserates a respiratory alkalosis, hypocapnea,
and hypoxemia. Additionally, the A-a gradient is

High

Low/intertnediate
Probability

Nortozd High

Probability

‘o ! )

PE unlikely If iptermediate clinical Treat as YE
No treatment suspicion and clinically
stable: bilateral LE Doppler
and D-dimer
I I high clinical suspicion or l
clinically unstable: pulmonary
Normal angiography or CTPA, Abnormal
result resujt

Figure 40-1

Diagnostic algorithm for patients with suspected pulmonary embolism.
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increased (>10mimTg). The A-a gradient can be calcu-
lated by the following formula:

A-a gradient
= [{Pom — Prao)(F1O,) — (PCO/0.8)] - Pa(,

Where P, is atmospheric pressure (760 mmHg), Py is
the partial pressure of water in the atmosphere (47
mmHg), FIO; is the percent oxygen in the inspired air
(21% in room air), PCO, is the partial pressure of
carbon dioxide in the blood, and Pa0, is the partial
pressure of oxygen in the blood.

The electrocardiogram (ECG) is abnormal in the
majority of patients with an acute PE and may show a
deep S wave in lead I and a deep Q wave and T wave
inversion in lead I (S7-Q3-T3). Other frequent pat-
terns include sinus tachyeardia, an incomplete right
bundle branch block, or a pseudo-infarction pattern in
the inferior leads (I, I, aVE).

Chest radiography is frequently normal in patients
with PE but may reveal decreased vascular markings in
the affected lung regions (Westermark’s sign), a
wedge-shaped peripheral infiltrate (Hampton’s hump),
or an enlarged right descending pulmonary artery
(Palla’s sign). Ventilation/perfusion (V/Q) lung scan is
the usual initial diagnostic test for PE. Normal and
near-normal tests virtally exclude the diagnosis, while
a high-probability result is confirmatory. However, in
patients with a high clinical suspicion of PE, a low or
intermediate probability scan is unhelpful, as at least
40% of these patients have a PE.

CT of the pulmonary arteries with intravenous
contrast (C'TPA) and magnetic resonance angiography
(MRA) with gadolinium enhancement can confirm or
exclude the diagnosis if the V/Q scan is equivocal, but
may miss small peripheral emboli. Pulmonary angiog-
raphy remains the gold standard for diagnosis of PE.

Other tests that may be helpful in the evaluation of
PE include:

¢ echocardiography—demonstrates  signs  of pul-
monary hypertension and/or right ventricular
dysfunction

lower extremity duplex ultrasonography—a negative
result does not exclude the diagnosis of PE as up to
50% of patients with PE have no evidence of DVT

* D-dimer (a fibrin degradation producty—a normal
value, if obtained by FLISA technique, essentially
excludes PE with a negative predictive value of
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~%%. The negative predictive value is even higher
when combined with a normal lower extremity
duplex.

TREATMENT

In patients with suspected DVT or PE, anticoagulant
therapy should be started immediately. It is imperative
that therapeutic anticoagulation (1.5-2.0 times the
control PTT value if unfractionated heparin is used) be
achieved in the first 24 hours to decrease the risk of
recurrent DVI/PE  and  postphlebitic  syndrome.
Unfractionated heparin may be used initially, although
low-molecular-weight heparin (LMWH) may be more
effective. Advantages of LMWH include its greater
bioavailability, ease of administration (subcutaneous
injection), reliable anticoagulant effect, lack of need for
Iaboratory monitoring, and lower incidence of heparin-
induced thrombocytopenia.

Oral anticoagulation with warfarin may be begun
concurrently with heparin; but should overlap with
heparin therapy for 4 to 5 days to avoid the transient
hypercoagulability that may occur after warfarin
imtiation. Heparin may be discontinued once the
international norinalized ratio (INR) is therapeutic
(2.0-3.0). Anticoagulation should be continued for
36 months in patients presenting with their first
DVT and for 6 months in patients with PE. Prolonged
therapy may be required in patients with recurrent
DVT/PE, underlying malignancy, or primary hyperco-
agulable states. Patients with recurrent DVT despite

Indications for Inferior Vena Cava Filter
Placement

Recurrent pulmenary embolism on therapeutic
anticoagulation

Contraindications to anticoagulation

Active bleeding that is life threatening

Post-surgical (relative)

Thrombocytopenia (spontaneous or heparin-induced)

Prophylaxis in high risk patients

Extensive venous thrombosis

Severe pulmonary hypertension, cor pulmonale
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therapeutic anticoagiilation and patients with con-
traindicationis -to” anticodgulation may benefit from
placement of an inferior vena cava (IVC) filter (see Table
40-2).

Patients presenting with massive PE associated with
hemodynamic instability should be treated with throm-
bolytic therapy. If thrombolytic therapy is contraindi-
cated or unsuccessful, percutaneous or open-surgical
thrombectomy should be considered.

The treatment of DV'I% that are limited to the calf
1s controversial. These thrombi have a much lower risk
of embolism, although 10-15% will progress to the
thigh. Conservative therapy with anti-inflammatory
agents is the usval course of therapy, coupled with serial
noninvasive studies (weekly for 2-3 weeks) to identify
thrombi that propagate proximally and, therefore,
warrant anticoagulation.

DEEP VENOUS THROMBOSIS
PROPHYLAXIS

Prophylaxis against DV is critical for reducing the
morbidity and mortality of this disease and should be
considered in bigh risk clinical situations (hospitaliza-
tion, postoperative states, prolonged immobility, etc.).

Deep Venous Thrombosis and Pulmionary Embolic Disease

< CRAH M PeXaph-ROHBEDCHMA: MYCRHRI s7 dpodT. Dy >

TR

Prophylactic therapy may consist of external pneumatic
compression, or low dose subcutaneous administration
of unfractionated heparin (50000 twice daily) or
LMWH (e.g., enoxaparin 30mg twice daily).

1. -P.redisposihg factors for DVT include stasis,
vascular injury, and hypercoagulability.

2. Only 80% of patients with PE present with
dyspnea.

3. The initial diagnostic test of choice for DVT
is duplex ultrasonography, whereas V/Q scan
is the test of choice for PE.

4. Once DVT or PE is suspected, heparin
therapy should be started immediately, and
therapeutic anticoagulation established within
24 hours,

5. Thrombolytic therapy or surgical thrombec-
tomy should be considered for patients
with hemodynamically significant pulmonary
emboli.
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Pulmonary

Hypertension

Pulmonary hypertension is a disorder defined by a mean
pulmonary artery (PA) pressure (PA mean = 1/3 PA sys-
tolic pressure +2/3 PA diastolic pressure) greater than
25mmHg at rest or greater than 30mmbg with exer-
cise. A variety of disorders can result in pulmonary
hypertension (secondary pulmonary hypertension
[SPH]) by producing alterations in pulmonary blood
flow, pulmonary vascular tone, pulmonary venous pres-
sure, or the size of the pulmonary vascular bed. When
pulmonary hypertension occurs in the absence of an
identifiable cause, it is refesred to as primary pul-
monary hypertension (PPH).

EPIDEMIOLOGY AND
PATHOGENES!S

Thg incidence of PPH is estimated at 1—2 cases per
million people per year. PPH classically afflicts young
and middle-aged women. Tts etiology s unknown,
but a familial component has been described, sug-
gesting a genetic susceptibility. Current theories impli-
cate the interaction between endothelial and smooth
muscle eells, in addition to an imbalance of vascactive
amines, in the pathogenesis of PPIH. The dassic
histopathological finding in PPH consists of intimal
proliferation, in-situ thrombosis, and
arteriopathy.

Secondary pulmonary hypertension may result from:

plexogenic

L. Increased pulmonary blood flow associated
with:
* intracardiac shunts (atrial septal defect [ASD],
ventricular septal defect [VSD])
* patent ductus arterrosus
2. Hypoxic vasoconstriction associated with:
* emphysema
* obstructive sleep apnea and other hypoventila-
tion syndromes
*  Hhigh altitude

3. Pulmonary venous associated

with:

hypertension

* mitral valve disease (stenosis or regurgitation)
* left ventricular failure
* pulmonary venous thrombosis
* constrictive percarditis
* congenital anomalies {e.g., cor triatriatum)
4. A decrease in the size of the pulmonary vascu-
lar bed associated with:
* chronic obstructive pulmonary diseases
*  connective tissue disorders
* wvasculitis (e.g., systemic lupus erythematosus
[SI.E}, systemic sclerosis)
s HIV infection

* pulmonary embolic disease
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* toxic injury (e.g., crack cocaine, L-tryptophan,
fenfluramine, rapeseed oil)

* liver dysfunction (hepatopulmonary syndrome)

CLINICAL MANIFESTATIONS

History

Patients  with  pulmonary  hypertension  commeonly
present with advanced disease because of the insidious
progression of their symptoms. Symptoms generally
mehude:

* dyspnea at resting and/or with exertion (occurs in
>05% of patients)
* fatigue, lethargy

* exertional syncope {due to an inability to augment
cardiac output)

¢ chest pain (due to pulmonary artery “stretch” or
right ventricular ischemia)

¢ cough, hemoptysis

* hoarseness (due to left recurrent laryngeal nerve
compression by the dilared pulmonary artery)

* anorexia, right upper quadrant pain (from liver
congestion)

* peripheral edema (due to right heart failure)

In evaluating a patient with suspected pulmonary hyper-
tension, a detailed history needs to be obtained and
should include questions about the following: appetite
suppressant or intravenous drug use, smoking, TTIV risk
factors, symptoms of liver disease, connective tissue
disorders, venous thrombotic disease, and Tung disease.

Physical Examination

The physical findings in pulmonary hypertension occur
as a result of either right ventricular (RV) strain or RV
failure (cor pulmonale) secondary to chronically ele-
vated pulmonary artery (PA) pressure. Hypoxia (either
ambulatory or nocturnal) is a uniform finding. Other
physical findings include:

» tachypnea
*  ¢levated jugular venous pressure

*  loud pulmonic component of the second heart sound
(P,)

* palpabie P,
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S S
‘ Pulmonary Hypert:ensmn

* tricuspid regurgitation

* right ventricular §; and/or S,

*  left parasternal (right ventricular) lift

*  hepatomegaly, ascites

* pulsarile liver (with severe tricuspid regurgitation)

peripheral edema

DIFFERENTIAL DIAGNOSIS

The d1 ffc:l ential diagnosis of pulmonary hypenensmn is
similar to the differential diagnosis of dyspnea (see
Chapter 2), and includes cardiac (myocardial and valvu-
lar diseases), pulmonary (pulmonary parenchymal and
vascular diseases), and systemic (anemia, physical decon-
ditioning) disorders.

DIAGNOSTIC EVALUATION

gc&u‘a] dmgnmtm ‘;rudlcs provide mdlrcct ewdence of
pulmonary hypertension. The electrocardiogram may
reveal right axis deviation, RV hypertrophy or strain,
right atrial enlargement, or right bundle branch block
(sce Figure 41-1). Chest radiography may demonstrate
enlargement of the central pulmonary arteries or right
ventricle, and pruning of the peripheral pulmonary
vessels, Signs of chronic RV pressure overload apparent
by echocardiography include RV hypertrophy and dila-
tion, right atrial enlargement, abnormal interventricu-
lar sepeal flattening, and tricuspid regurgitation. The PA
pressure can be estimated during Doppler echocardi-
ography by measuring the velocity of the tricuspid
regurgitation jet and converting this velocity into a pres-
sure using the equation P = 4V* (97% correlation with
pulmonary artery catheter). Direct measurement of the
PA pressure can be obtained using a pulmonary artery
catheter (Swan-Ganz catheter), and is the gold standard
for the diagnosis of pulmonary hypertension.

In the case of SPH, additional Iaboratory studies
should be undertaken in an attempt to identify the
underlying process. These studies may include arterial
blood gases, liver function tests, HIV antibody assays,
connective tissue serology, pulmonary function testing,
sleep studies, ventilation-perfusion (V/Q) lung scan-
ning, or pulmonary angiography. There is no specific
test available to diagnose PPH; this is 2 diagnosis of
exclusion.
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ECG of a patient with pulmonary hypertension. Characteristic features include right axis deviation

(QRS axis is +130°), right atrial enlargement (P wave in fead I > 2.5mV), and right ventricular hypertrophy (R > S

ian, S>Rin V;,)

TREATMENT

Primary pulmonary hypertension is an incurable
disease with a poor prognosis (median survival of 2-3
years from the time of diagnosis). It is only i the
last 15 years that advances in medical and surgical
therapies have been able to alter the natural history of
this disease.

Vasoconstriction is thought to play an important
role in the pathogenesis of PPH. Accordingly, treat-
ment with vasodilators has received a great deal of
attention, although not all patients exhibit a uniform
response to vasodilator therapy. The oral vasodilators
of choice are calciuin channel blocking agents such as
nifedipine or diltiazem. These agents result in sustained
chmcal improvement in approximately 25-30% of
patients.

Epoprostenol, a potent vasodilator that acts by
increasing intracellular levels of eyclic AMP, has been
found to produce both acute and sustained hemody-
namic improvement in patients with PPH. Tt can be
administered as a continuous infusion or by aerosol
inhalation, and has been shown to improve exercise tol-
erance and prolong survival in these patients. Continu-
ous epoprostenol therapy is currently used either as

primary treatment or as a bridge to lung transplant in
patients with PPH, depending on the degree of
observed hemodynamic improvement.

Retrospective  analysis of small, nonrandomized
studies suggests that chronie anticoagulation in patients
with PPH improves survival. As such, the general con-
sensus is to treat these patients with warfarin to achieve
an international normalized ratio (INR) of 1.5-2.5.
Single lung and combined heart-lung transplantation
remain the only definitive therapies for PPEL One-year
survival following lung transplantation  approaches
65-70%.

The mainstay of treatment of SPH is treatment of
the underlying disease. Accepred general treatment
modalities include supplemental oxygen for patients
with hypoxerma, diuretics for symptomatic relief of
ascites and hepatic congestion, and anticoagulation for
patients at high risk for thromboembolic events. Spe-
cific therapies aimed at treating or correcting the under-
lying disorder (e.g., valve replacement for mitral discase,
surgical correction of intracardiac shunts, maximization
of medical therapy for left heart failare, etc.) may lead
to normalization of pulmonary pressures and marked
improvement in symptoms. Other treatment options of
less clear benefit in SPH include caleium channel block-
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ers and other vasodilators. Patients with certain forms
of SPH that have histopathological findings in common
with PPH (connective tissue disorders, HIV, hepatopul-
monary syndrome) have shown improvement in
hemodynamics, exercise tolerance, and survival on
epoprostenol therapy.

N wmf}\‘*‘ e A e

1. Pulmonary hypertension is defined as a mean
pulmonary pressure greater than 25 mmHEg at
rest or greater than 30mmHBg with exercise.

2. Primary pulmonary hypertension is a diagno-
sis of exclusion and is most commaonly seen in
young and middle-aged women.

Secondary pulmonary hypertension may result
from a variety of cardiovascular, pulmonary,
and systemic disorders.

Swan-Ganz or pulmonary artery catheteriza-
tion is the gold standard for the diagnosis
of PH, but elevated pulmonary pressures can
often be identified by noninvasive techniques
(echocardiography).

Primary pulmonary hypertension is an incur-
able disease. Vasodilators (calcium channel
blocking agents or epoprostenol) are the
mainstay of therapy; transplantation is che
definitive treatment,

The treatment of SPH relies primarily on
treatment of the underlying condition.
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Part IX

Congenital
Heart Disease
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Congenital Cardiac

Shunts

i the normal setting, the output of the right heart flows
to the pulmonary circulation and the output of the
left heart flows to the systemic circulation. These two
systems are anatomically distinet, being divided by
the atrial septum, ventricular septurn, and vasculature.
Qccasionally, a communication between these systems
exists and allows for the shunting of blood from the
right heart to the left heart and vice versa, This coni-
munication may cceur at the level of the atrial septum,
ventricular septum, or the vasculature.

PATHOPHYSIOLOGY

Prior to birth, the pulmonary and systemic circulation
do communicate. Blood entering the right atrium is
directed across the foramen ovale into the left atrium,
and blood entering the pulmonary artery flows through
the ductus arteriosus into the aorta. These communi-
cations help to limit blood flow to the pulmonary system
since the lungs are nonfunctional prior to birth. Shortly
after hirth, these anatomic connections usually seal
off.

Occasionally, the formation of the interatrial septum
is incomplete, resulting in a defect {atrial septal defect
or ASD} that allows for interatrial shunting of blood
(Figure 42-1), The defect may be of three general types
based on location;

* sinus venosus defect (at the superior aspect of the
septurn near the vena cava)

¢ ostinm secundum defect (at the site of the fossa
ovalis)

* ostium primum defect (at the inferior aspect of the
interatrial septur near the atrioventricular plane)

Identification of the particular type of ASD is important
because each is associated with specific concomitant
congenital abnormalities (see "Table 42-1).

In approximately 25% of patients, the interatrial
septumn forms completely but the foramen ovale fails wo
seal off following birth. This does not lead to shunting
of blood in the resting state but can lead to shunt flow
if the right atrial pressure exceeds the left atrial pressure
(patent foramen ovale).

The interventricular septum may also fail to form
correctly resulting in a ventricular sepral defect (VSD).
These are of two main types:

*  membranous VSD (located high in the septum)

*  muscular VS (located in the mid- to distal septam)

Lastly, in some infants, the ductus arteriosas fails to con-
strict after birth and remains patent (a patent ductus
arteriosus or PDDA).

ASDs, VSDs, and PDAs allow for the abnormal flow
of blood between the right and left circulation. Because
the pressure in the left side of the heart is higher than
that in the right, the shunt flow is usually from left
to right and results in increased flow in the pulmonary
circulation (Qp) compared with that in the systemic
circulation (Qs). The ratio of these flows (Qp:Qs) is a
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Figure 42—-1 Diagram of the various atrial septal
defect types. Hlustration by Shawn Girsberger
Graphic Design.

method of quantifying shunt severity. Over time, the
increased pulmonary flow results in pulmonary hyper-
tension and right heart fajlure. Rarely, the right heart
pressure may then exceed the left heart pressure result-
ing in right to left shunting of blood (Eisenmenger’s
syndrome). The deoxygenated blood thus entering the
systemic circulation results in cyanosis and hypoxemia.

INC!DENCE

Intmcardmc shunts are thc second most common con-
genital heart defects; only bicuspid aortic valves are
more cotmon. VSDs account for 30% of all congeni-
tal heart disease and are common findings in infants and
children. Fifty to 70% of VSDs close spontaneously
during childhood; thus, it is rare that they are first diag-
nosed in adults. ASDs and PIDAs each account for 10%
of congenita] heart disease. ASDs are the most common
congenital heart diseases diagnosed in adulthood bur are
infrequently diagnosed in infancy.
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: CLINICAL MANIFESTAT!ONS

Hlstory

Infants and children with ASDs ar¢ usually asympto-
matic but may occasionally present -with: signs of
congestive heart failure. Large VSDs tend to produce
heart failure at a young age. Adults with an ASD,
PDA, or small VSD usually present with either arthyth-
mias {¢.g., atrial fibrillation} or symptoms of progres-
sive right heart failure and pulinonary hypertension,
including:

* dyspnea with exertion

* peripheral edema

* fatipue

* chest pain

Patients with intracardiac shunts may occasionally
present with a stroke caused by a thromboembolism that

enters the systemic cirenlation through the defect (para-
doxical embolus).

Physical Examination

Physical examination of patients with cardiac shunes
may reveal signs of right heart failure. The characteris-
tic findings on cardiac examination are outlined in
“Table 42--2.

DlAGNOSTIC EVALUATION

Chest X-ray may demonstrate increased pulrnunary
vascular markings (shunt vasculanity), right and/or left
atrial enlargement, and right ventricular enlargement.
Patients with suspected cardiac shunts should undergo
echocardiography to locate the defect (transesophageal
echocardiography may be required to visualize small
defects). The extent of shunt flow should be quantified
by measurement of Qp:Qs. If echocardiography yields
borderline or equivocal findings, cardiac catheterization
and measurement of intracardiac oxygen saturations can
be performed.

TREATMENT OF CARDIAC SHUNTS
IN THE ADULT

Patlentq with small shuntq may tolerate them wel] have
no long-term ill effects, and require no specific therapy
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. Congenital Cardiac

Type of Relative Associgted Abnormalities Classic ECG Findings

ASD Prevalence

Cstium primum 20% Cleft mitral valve, Down Incomplete RBBB, left axis
syndrome deviation, first degree AV block

Ostium secundum 70% Mitral valve prolapse rSrinVI

Sinus venosus 10% Anomalous pulmonary None

vENous return

RBBB: right bundle branch block; AV: atrioventricular.

Some Physical Characteristics of AS

s

Defect Physical Exarn Findings Useful Diagnostic Modalities
ASD l. Fixed split 5, b, Echocardiography
2. Midsystolic pulmenary ejection murmur 2, ECG {rSr" in VI, RV strain pattern)
3. Prominent RV impulse 3. Cardiac catheterization
4. Cyanosis (if element of R-to-L shunt) 4. Chest x-ray
5. Tricuspid diastolic flow murmur
VvsSD l.  Loud holosystolic murmur at LSB I. Echocardiography
2. Thrill over precordium 2. Cardiac catheterization
3. Prominent RY impulse 3. Chest x-ray
PDA I. Wide pulse pressure l.  Echocardiography
2. Continuous (systolic and diastolic) murmur at 2 2. Cardiac catheterization
left ICS 3. MRA

ASD: atrial septal defect: VSD: ventricular septal defect; PDA: patent ductus arteriosus: RV = right ventricle; LSB = left sternal
border; {CS = intercostal space: MRA = magnetic resonance angiography.

aside from endocarditis prophylasis (not necessary for
patients with ASDs). Patients with larger shunts may
develop progressive pulmonary hypertension and sub-
sequent right heart failure. In these patients, closure of
the defect should be considered before irreversible right
heart failure occurs.

In patients with ASDs, the defect should be closed if
the pulmonary blood flow exceeds the systemic blood
flow by at least 50% (i.e., the Qp:Qs is >1.5:1.0), if

echocardiography reveals right heart dilation or dys-
function, or if the patient has suffered a paradoxical
embolism. Available closure techniques inchude:

¢ percutaneous closure with catheter-based devices
(usually for ASDs <2 cm in diameter)

¢ primary surgical closure without a patch (small
defects)

* surgical closure with a patch (larger defects)



< CEAM M EeXARD-KRCEBEDCMA: MYCAHL 5T dpodT. Py >

Blueprints in Cardiology

Management of a VST) is similar with closure recom-
mended when the Qp: Qs exceeds 1.5-2.0:1. Surgical
closure of a VS is the standard therapy.

In the absence of severe pulmonary hypertension and
right heart failure, a patent ductus arteriosus in a full-
tertn infant is an indication for closure. Surgical ligation
is the usual technique; percutaneous methods are still
mvestigational. In some infants, constriction of the PDA
may be stimulated by use of prostaglandin inhibitors
(e.g., indomethacin}. Patients with large, uncorrected
PDAs rarcly survive into adulthood.

1. ASD, VSD, and PDA allow for left to right
shunting of blood and may present as pul-
monary hypertension, right heart failure, or
an asymptomatic murmur. These defects do
not cause cyanosis unless marked pulmonary
hypertension develops resulting in reversal of
the shunt direction (Fisenmenger’s syndrome).

The thrée types of ASD rinclude ostium -
primum, ostium secundum, and sinus venosus. -
The most common type is ostium secundum.

VSDs may occur in the tmembranous or
the muscular regions of the interventricular
septum.

ASDs are usually asymptomatic in childhood,
but can present late in adulthood with symp-
toms of right heart failure. ASDs should be
closed if the Qp: Qs is >1.5: 1.

Large VSDs require surgery during infancy
whereas small VSDs may require no specific
therapy and may close spontaneously before
adulthood.

PDAs produce a continuous “machinery”
murenur and should be surgically closed unless
severe pulmonary hypertension and right
heart failure are present.
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Heart

Although many forms of congenital cyanotic heart
disease are fatal in childhood, several disorders (includ-
ing Eisenmenger’s syndrome, tetralogy of Fallot, and
corrected transposition) are compatible with survival to
adulthood. Affected patients may be minimally limited
during childhood but become progressively cyanotic
with advancing age.

EISENMENGER'S SYNDROME

l)aus,ms. who are born with a large VSD or PDA (rardy
with a large secundum ASD} initially have a substantial
lefr-to-right shunt. The resultant marked increase in
pulmonary fow produces irreversible pulmonary hyper-
tension, As right heart pressure rises, it may exceed left
heart pressure, as a result of which the shunt reverses
(i.e., right-to-left) "This directional change shunts
deoxygenated blood to the systemic circulation, leading
to cyanosis.

Physical Examination

Prominent cyanosis and digital clubbing are usually
present. A right ventricular heave and loud P, (pul-
monary hypertension) are typical.

Diagnostic Evaluation

Electrocardiogram (ECG) demonstrates right ventricu-
lar hypertrophy. Chest radiography reveals prominent

Cyanotic Congenital

Disease

central pulmonary arteries with peripheral arterial
pruning, and right ventricular enlargement. Fchocar-
diography confirms the diagnosis and demonstrates
right-to-left shunt flow, pulmonary hypertension, and
right ventricular hypertrophy.

Treatment

Surgical repair of the shunt is not possible after irre-
versible pulmonary hypertension develops. Vasodilator
therapy should be avoided as this will exacerbate the
shunting.  The only effective therapy is heart-lung
transplantation or single-lung transplant and closure
of the defect.

Prognosis

Patients may survive into the sixth decade but usually
develop right ventricular failure in their 40, Hypoxia
and ventricular arrhythmias are the common causes of

death.

TETRALOGY OF FALLOT (TOF)

Tetralogy of Fallot is characterized by:

* ventricular septal defect

* overriding aorta

¢ obstruction to right ventricular outflow

= right ventricular hypertrophy (RVH)

yig
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Incidence

Tetralogy of Fallot accounts for 10% of all congenital
cardiac abnormalities, but is the most common con-
genital abnormality causing cyanosis after 1 year of age.
Most patients with uncorrected TOF do not survive
to adulthood; only 6% survive to age 30.

Physiology
Tetralogy of Fallot results from anterior displacement
of the ventricular seprum with an associated membra-
nous VSD. The aorta thus straddles the septum (over-
riding aorea), allowing flow from both venericles to enter
the systemic circulation (Figure 43-1). In addition,
there is a varying degree of RV outflow tract obstruc-
tion that results in right ventricular hypertrophy. These
abnormalities impair blood flow through the pulmonary
system and allows flow of deoxygenated blood from
the right ventricle to the aorta, resulting in systemic
hypoxemia and cyanosis.

The degree of cyanosis directly depends on two
factors:

e severity of right ventricular outflow obstruction

*  systemnic vascular resistance (SVR)

Figure 43-1
hypertrophied. The ventricular septal defect (arrow) is obvious, and the aorta {Ao) straddles the
interventricular septum, allowing blood from both ventricles to enter the systemic circulation.
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More severe RV outflow obstruction and low SVR favor
flow of deoxygenated blood from the RV to the aorta,
increasing cyanosis. However, if SVR is' increased, right
ventricular blood flows preferentially to the pulmonary
artery, and oxygenation improves.

Clinical Presentation

History

Most children with tetralogy of Fallot are cyanotc ar
birth. Fhey usually develop dyspnea with exertion, and
often learn to squat after exercise, thereby increasing
their SVR, increasing pulmonary blood flow, and reduc-
ing fatigne and cyanosis. Episodic, sudden increases in
the shunt may occur resulting in worsened cyanosis and
tachypnea. These episodes may progress to syncope,
seizure, or death.

Physical Examination

Physical exarnination reveals a systolic ejection rarmmur
caused by stenosis of the RV outflow tract. A precordial
thrill may be present. The second heart sound is single
as P; is absent. A prominent RV heave tmay be present,
as may digital clubbing, the latter resulting from chronic
hypoxemia.

Echocardiogram of a patient with tetralogy of Fallot. The right ventricle (RV} is dilated and
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Diagnostic Evaluation

ECG may reveal evidence of right atrial enlargement
and right ventricular hypertrophy. Chest x-ray usually
demonstrates right heart enlargement, resulting in
a characteristic “boot-shaped” cardiac  sithouette.
Echocardiography will demonstrate the classic anatomic
abnormalities, which can be confirmed by cardiac
cathererization.

Therapy

Surgical correction early in infancy is the treatment of
choice. The feasibility of surgery depends on the size of
the right ventricular outflow tract and the pulmonary
arteries. A severely hypoplastic RV outflow tract or pul-
monary artery atresia may not allow for complete sur-
gical repair. In these patients, palliative surgical therapy
can be performed to create a systemic-pulmonary artery
anastomosis (Blalock-Taussig shunt, Watterson shunt,
or Pott’s shunt) to allow increased pulmonary blood flow
and improve oxypenation,

CORRECTED TRANSPOSITIONS

Complete transposition of the great arteries (aorta arises
from the RV; pulmonary artery arises from the 1LV) is
a universally fatal syndrome if not surgically corrected
at birth. In congenitally corrected transposition, there
is atrioventricular and ventriculoarterial discordance
(essentially the ventricles have switched position). Blood
flows through the circulation in the appropriate direc-
tion; however, the morphologic RV (in the anatomic [V
position) pumps blood to the systemic circulation and
the morphologic LV pumps blood to the pulmonary
circulation. There is frequently an associated VSD,
pulmonary stenosis, and complete heart block.
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Cyanotic Congenital Heart Disease

Clinical Presentation

Patients  with  congenitally corrected  transposition
without associated anomalies may survive into the 6%
decade but often develop left-sided heart failure as the
morphologic RV is unable to maintain systemic pres-
sures. Patients with associated VSD have varying
degrees of cyanosis,

Treatment

Surgical repair of the VSD and pulmonary stenosis,
when present, is the treatment of choice. The left atri-
oventricular valve frequently becomes regurgitant and
requires replacement.

1. Eisenmenger’s syndrome consists of pul-
monary hypertension and right-to-left shunt-
ing through an ASD, VSD, or patent ductus
arteriosus.

2. Tetralogy of Fallot is the most common cause
of cyanotic congenital heart disease after 1
year of age and consists of RVH, VSD,
overriding  aorta, and  pulmonic  outflow
obstruction.

3. The degree of cyanosis in TOF is dependent
on the severity of the pulmonic outflow
obstrucion  and  the systemic vascular
resistance.

4. Surgical correction early in infancy and child-
hood is the cornerstone of therapy for TOE.
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Pregnancy and

Cardiovascular
Disease

Significant circulatory changes occur during pregnancy
and the peripartum period and can precipitate clinical
deterioration in the presence of pre-existing cardio-
vascular disease. In addition, pregnancy itself may be
an etiological factor in the development of certain
cardiovascular disorders, including hypertension and
dilated cardiomyopathy. An understanding of this
altered cardiovascular physiology is essential to the
management of the pregnant cardiac patient.

CARDIOVASCULAR PHYSIOLOGY
DURING PREGNANCY

Blood volume, heart rate, stmkf: w]umc and cardlac

output increase substantially during pregnancy. On
average, blood volume inereases by 40%, accounting, in
part, for an increase in cardiac output of 30-50%. Blood
pressure tends to decline during the first trimester, reach-
ing a nadir during the second trimester before returning
tonormal toward the end of the pregnancy. These hemo-
dynarnic changes are summarized in Table 441

Despite the increase in blood volume, venous return
is reduced during late pregnancy as a result of com-
pression of the inferior vena cava by the gravid uterus.
This compression is relieved after delivery, amd, when
combined with the shifting of bleed from the contract-
ing uterus into the systemic circulation, results in an
acute rise in preload, stroke volume, and cardiac output.
These volume shifts may result in heart failure in the

immediate postpartum period, especially in patients
with depressed left ventricular function.

CLINICAL MANIFESTATIONS

Thc, nor mal hemodynamlc changcq of pregnancy may

result in signs and symptoms that mimic or obscure

cardiac disease, inchuding:

* fatigue, decreased exercise capacity

* dyspnea (due to hormonal changes and diaphrag-
matic elevation)

* orthopnea (due to diaphragmatic elevation)

* lightheadedness, presyncope (due to compression of
the vena cava with decreased venous return)

* palpitations (due to sinus tachycardia)

* elevated jugular venous pressure (JVP), edema (due
to fluid retention)

* displaced point of maximal impulse (PMI)

* third and/or fourth heart sounds

* gystolic flow murmurs (due to increased stroke
volume)

Physical findings seen almost exclusively in pregnancy

include:

* cervical venous hum {continuous murmur in the
right supraclavicular fossa)

* mammary souffle (continvous murmur over the
breast)
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Hemodynamic Changes During Normal Pregnaricy -

1 Trimester 2" Trimester " Trimester
Blood volume T ™ T
Stroke volume 7 (NED T, es,0r
Heart rate T T TT to TTT
Cardiac output T TTto TT TT w TTT
Systolic BP &« J &
Diastolic BP ) R 1
Pulse pressure T (N S
Systemic vascular 1 Ll W

resistance

Diastolic murmurs and systolic murmurs that are
greater than II/V1 in intensity are rarely related solely
to pregrancy and warrant further evaluation,

DIAGNOSTIC CARDIAC TESTING
IN PREGNANCY

Llectrocard]ographu, changes in normal pregnancy in-
clude sinus tachycardia, QRS axis shift, and premature
atrial and ventricular complexes. ST-T changes are not
routinely seen as part of normal pregnancy and warrant
further evaluation.

Echocardiography is safe in pregnancy and fre-
quently reveals atrial and/or ventricular chamber
dilatior; a small pericardial effusion; and mild miteal,
tricuspid, and pulmonic valve regurgitation.

Chest radiography is generally avoided during preg-
nancy, but when performed may reveal cardiomegaly,

increased pulmonary markings, and small pleural
effusions,

PRE-EXISTING CARDIAC DISEASE
AND PREGNANCY

Congemtal Heart Disease (CHD)

Materna] prognosis is influenced by the type of CHID,
previous surgical repair, severity of cyanosis, pulmonary
vascular resistance, and functional capacity. In general,

a good maternal outcome can be expected in most
patients with:

¢ non-cyanotic CHD

¢ surgically corrected CHI

* uncotrected atrial (ASD) or ventricular (VSI))
septal defects

¢ patent ductus arteriosus (PDA),

*  pulmonic stenosis (PS),

* uncomplicated coarctation of the aorta

Patients with uncorrected or partially correeted tetral-
ogy of Fallot do not wolerate pregnancy very well. The
increase in blood volume and venous return to the right
atriumm, combined with a drop in systemic vascular resis-
tance (SVR), can produce or exacerbate right-to-left
shunting and eyanosis in these patients. Eisenmenger’s
syndrome continues to be associated with high marer-
nal morbidity and mortality; pregnancy should be
avoided, and abortion should be considered for patients
with this disorder who are already pregnant.

Valvular Heart Disease

Mitral and aortic regurgitation is usually well tolerated
during pregnancy owing to the reduction in SVR.
Sympromatic patients can be treated with diuretics,
digoxin, and/or hydralazine. Mild aortic stenosis
{valve area > 1.0cm?) and mild mitral stenosis (valve area
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Anti h'y'l':':'t_e'r'féhsn'fe gents in Pregnancy

Pregnancy and Cm'dlovascular Dlsease

Medication ? Safe

Comment
Alpha-blocker (methyldopa) Yes Safety and efficacy supported in randomized trials
Beta-blockers (metoprolol Yes, in late Fetal growth retardation noted when used in early- or
and atenolol) pregnancy mid-gestation
Alpha- and beta-blocker ? Lack of data; concern for maternal hepatotoxicity
(Labetalol)
Vasodilator (hydralazine) Yes Rare cases of neonatal thrombocytopenia
Angiotensin-converting MNo Fetal death or renal failure in newborns

enzyme inhibitors
Diuretics Yes and no

May continue if prescribed before gestation; thiazides may
result in low birth weight, hypoglycemia and bone marrow
suppression in fetus

> 1.5 am”) are generally well tolerated during pregnancy;
more severe valvolar stenosis is often problematic.
Patients with stenotic valvular disease who develop
severe symptoms despite medical therapy may require
surgical valve repair or percutanecus balloon valvulo-
plasty. Those managed medically often require invasive
hemodynamic monitoring with a PA catheter in the
peripartum period, Termination of the pregnancy is
oceasionally required.

Hypertension

Women with chronic hypertension have a higher risk of
peripartum complications including fetal growth retar-
dation, placental abruption, premature delivery, acute
renal failure, and hypertensive crisis. Drug therapy for
hypertension during pregnancy is recommended for
diastolic BP >100mmHg, or »90 mmHg in patients with
renal disease or evidence of end organ involvement
(refer to Table 44-2).

PREGNANCY-RELATED
CARDIOVASCULAR DISORDERS

Pre—eclampsm is charactenized by hypcrtcnslon associ-
ated with proteinuria, edema, or both. Hypertension in

pre-eclampsia is defined as either: (1) an increase in
systolic blood pressure (SBP) of >30mmHg or (2) an
increase in diastolic blood pressure (DBP) >15 mmHg
over baseline values obtained prior to 20 weeks” gesta-
tion. If blood pressures prior to the 20" week of gesta-
tion are not known, a blood pressure of >140/90 mm¥g
1s diagnostic. Drug therapy and hospitalization are rec-
ommended for pre-eclamptic patients.

Peripartum Cardiomyopathy

Peripartum cardiomyopathy is a form of dilated car-
diomyopathy that usually becomes apparent by the third
trimester. The reported incidence in the US is 1 in
10,000 pregnancies. Its etiology is unknown. Treatment
of resultant heart failure includes use of diuretics,
digoxin, and vasodilators (such as hydralazine). Patients
should also receive anticoagulant therapy post partum
because of an increased incidence of thromboembelic
events. Varying degrees of recovery of IV function
may occur after delivery. Subsequent pregnancies are
associated with a high risk of relapse, in addition to
maternal morbidity and mortality. Further pregnancies
should be discouraged in patients with persistent IV
dysfunction, while patients with recovered LV function
should be counseled regarding their increased risk of
relapse.
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Substantial  hemodynamic  changes  occur
during pregnancy, including increased heart
rate, Increased stroke volume, increased
cardiac outpur, and decreased systemic vascu-
lar resistance.

Symptoms and signs of normal pregnancy may
mumic or ohscure cardiac disease.

< CRAN WM DeXaBh-KOEREDCHA: MYCAHL sT dpodT. py >

3.

Pre-existing - cardiac conditions, - especially

heart failure, may be exacerbated by the
altered physiology of pregnancy. Regurgi-
tant vahular disease is usually tolerated well
while stenotic valvular disease may be prob-
lematic and result in heart failure during the
pregnancy.

Hypertension, pre-eclampsia, and peripartum
cardiomyopathy may complicate gestation.
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Heart

Cardiac trauma is one of the leading causes of death
among individuals sustaining violent injuries, such as
motor vehicle accidents and gunshot or stab wounds.
Iatrogenie cardiac trauma can also occur, caused by the
use of intravascular and intracardiac catheters, or from
the performance of closed chest compressions during
cardiopulmonary resuscitation (CPR). Cardiac in-
juries can be separated into two major types: non-
penetrating and penetrating.

NON PENETRATING CARDIAC INjURY

Non—penetraung injuries most commonly msult
from:

* impact during a motor vehicle accident with resul-
tant compression of the chest from the steering
wheel

* blows o the chest by any kind of blunt object or
missile (e.g., a clenched fist or sporting equipment)

* external chest compression during CPR

Blunt trauma can lead to injuries to the myocardium,

pericardiwn, endocardial structures, coronary arteries,

and the aorta (see Table 45-1).

Clinical Manifestations
Cardiac injury should be suspected in patients with an
appropriate mechanism of injury, even in the absence of

Trau matic

Disease

other overt chest trauma. Traumatic cardiac rupture
usually results in exsanguination ot cardiac tamponade,
and is almost always fatal. Cardiac rupture can either
occur immediately upon injury {acute laceration) or be
delayed (c.g., contusion leading to hemorrhage, necro-
sis, and subsequent rupture), and can affect any cardiac
chamber. Rupture of the papillary muscles, chordae
tendineae, or any of the valve leaflets results in acute
valvular insufficiency with heart failure, hemodynamic
instability, and a new murtmur. Rupture of the interven-
tricular septum may present similarly, but may be rela-
tively well tolerated. Rupture of the pericardium can
present as circulatory collapse owing to cardiac hernia-
tion through the pericardial sac.

Less severe blunt injuries may lead to myocardial
contusion, the presentation of which varies depending
on the location and extent of injury. The right ventricle
(RV) is most frequently involved owing to its anterior
location (see Figure 45-1); the interventricular septum
and LV apex are less frequently affected. The most
common symptom of cardiac contusion is precordial
pain similar to that of a myocardial infarction. Patients
with extensive contusion may present with shock result-
ing from RV and/or LV failure.

Diagnosis

The clectrocardiogram (ECG) may be helpful in
suspected cases of cardiac contusion. lnitially, it may
demonstrate non-specific $T-T wave abnormalities
or findings of pericarditis. Subsequently, ECG
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Figure 45-1

Spectrum of myocardial contusion. Myocardial contusion involving the left ventricle (LV) tends to

be limited to the LV apex (spotted region). Involvement of the right ventricle (RV} may be limited to the RV apex
(shaded region), or involve the RV free wall as well (hatched region). RA: right atrium; LA: left atrium.

Types of Cardiac Injury Resulting from Blunt
Trauma

Contusion

Myocardium 1
2. Rupture
3. Septal perforation {ventricular
septal defect)
4. Ventricular aneurysm or
pseudoaneurysm
Hemopericardium or tamponade

v

Pericarditis
Post-pericardiotomy syndrome
Constrictive pericarditis
Pericardial laceration

Cardiac herniation

Pericardium

[P

Endocardial
structures

Papillary muscle rupture
Rupture of chordae tendinae
Valvular leaflet rupture

woN -

Coronary I
artery

Thrombosis and myocardial
infarction

Laceration

Fistula

Lol

findings similar to those of a myoeardial infarction
may evolve. A variety of supraventricular or ventricular
arrhythrmas may occur, and transient of persistent
right bundle branch block may develop. Markers of

myocardial injury {creatine kinase-MB fraction and
cardiac troponins) will be elevated in myocardial
contusion.

Two-dimensional echocardiography is very helpful in
evaluating eardiac injuries. This study can identify peri-
cardial effusions and determine their hemoedynamic
significance, identify structural injuries (myocardial or
valvular rupture, intracardiac shunts), and demonstrate
poorly functioning myocardium in the region of a
cardiac contusion.

Treatment

Patients with ventricular free wall rupture or vajvular
rupture require emergent surgery, whereas patients with
rupture of the interventricular septum ¢an often ini-
tially be managed conservatively; the ventricular septal
defects (VSI)s) are often small and may close sponta-
neously. The treatment of patients with myocardial
contusion is similar to that of patients with myocardial
infarction excepting that anticoagulation is contraindi-
cated in the setting of contusion. These patients should
receive supportive care and observation, including
close monitoring for arrhythmias and potential late
complications.

PENETRATING CARDIAC INJURY

The majority of penetrating cardiac injuries are
caused by sharp objects (such as knives or ice picks) and
missiles {(mostly bullets). As in myocardial contusion, the
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chamber most comumonly involved is the RV owing to
its anterior location. In contrast to blunt trauma, pene-
trating cardiac wounds generally involve concomitant
laceration of both the pericardium and myocardium.
Gunshot wounds tend to cause extensive tissue destruc-
tion and bleeding along the path of the projectile,
whereas stab wounds may seal quickly before disastrous
complications oceur.

Clinical Manifestations

The clinical presentation depends on the type, location,
and extent of injury. Pericardial laceration is common,
and the nature of this wound (open or closed) deter-
mines whether intrapericardial blood drains freely into
the chest, resulting in extensive hemorrhage and hemo-
thorax, or collects in the pericardial space resulting
in cardiac tamponade. Although severe penetrating
mjuries to the heart generally result in immediate death
or shock, one must maintain a high index of suspicion
in hemodynamically stable patients with penetrating
injuries to the chest that involve the lungs and other
organs. Delayed clinical manifestations of cardiac injury
include infection, rewined foreign bodies, and
arrhythmias.

Diagnosis

Two-dimensional echocardiography is the diagnostic
test of choice for the evaluation of penetrating cardiac
trauma and can be invaluable in recognizing pericardial
effusion, intracardiac shunts (ASD or VSD), foreign
bodies, and valvular disruption. However, echocardiog-
raphy is not always available in the emergency setting;
therefore, emergent thoracotomy is often perforined
that will allow for the direct visualization of cardiac
injury.

< CRAH ¥ PeXARD-ROMBEDCHMA: MYCAHI s7 dponw. py >

Traumatic Heart Disease

Treatment

The definitive therapy for severe hemorrhage accompa-
nying cardiac injuries is immediate thoracotomy and
cardiorrhaphy. The heart and its surrounding structures
arc inspected carefully, and repaired accordingly prior
to chest closure. Treatment for retained foreign bodies
is more controversial, as one has to balance the risk of
the operation against the risk of future embolization or
infection. ASD, VSD, and valvular regurgitation, when
diagnosed as late complications, are corrected only if
Sylﬂpt()ﬂ"ls warrant Uperative r(:pﬂir.

1. The most common cause of non-penetrating
cardiac injuries is motor vehicle accidents.

2. Blunt chest trauma can lead to cardiac rupture,
valvular disruption, pericardial effusion, and
myocardial contusion.

3. Myocardial contusion may mimic myocardial
infarction in both symptoms and associated
complications. The treatment of contusion is
similar to the medical treatment of infarction
excepting that anticoagulation is contraindi-
cated in the serting of contusion.

4. Penetrating cardiac injuries usually result from
knife and punshot wounds, and lead to
mmediate death or shock if severe. Survivors
usually require emergent thoracotomy and
cardiorrhaphy.
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Primary tumors of the heart are rare, with an incidence
of less than 0.3% by autopsy, and may be benign or
malignant (see 'Table 46-1). Of the primary cardiac
tumors, myxomas are the most commeon. Other benign
tamors include papillary fibroelastomas, lipomas, and
thabdomyomas.  Angiosarcomas, rhadomyosarcomas,
mesotheliomas, and fibrosarcomas account for the
majority of malignant primary cardiac tumors in adults.
Metastatic tumors to the heart are far more common,
and may involve the myocardium, peticardium, or endo-
cardial surface. The most cormmon primary source of
metastatic cardiac tumors is the lung, followed by breast
and kidney. Cardiac involvement may also occur with
melanomas and lymphomas.

~ CLINICAL MANIFESTATIONS
History
The specific signs and symptoms of cardiac tumors are
more dependent on their anatomical location rather
than their histological type. One notable exception is
cardiac nyyxomas, which are (requently associated with
nonspecific systemic symptoms such as fever, malaise,
weight loss, arthralgias, and rash.

Tumors arising on the endocardial surface of the
heart commonly present with symptoms of pulmonary
embali (right-sided tumors), or systemic or cerebral
embali (eft-sided tamors). These result from emboliza-

tion of tumor fragments or of thrombi from the surface
of the tumor.

Left atrial tumors (predominantly myxomas) often
mirnic mitral valve disease. These tumors may prolapse
into the mitral valve orifice during diastole, thereby
impairing lefe ventwicular filling, mimicking rmitral
stenosis, and resulting in symptoms of congestive heart
failure. Patients who have such tumors may report
symptoms that occur in relation to body position. Right
atrial tumors are frequently asymptomatic but may
produce symptoms of right heart failure if they are large.
Myxomas occur more frequently in the left atrium, and
sarcomas are more commonly found in the right atrium.

Left ventricular tumors are often asymptomatic,
unless significant obstruction of the left ventricular
outflow tract or impairment of myocardial function
causing left heart failure is present. Systemic emboliza-
tion may also occur. Right ventricular tumeors often
present with right heart failure. If right ventricular
outflow tract obstruction is present, patients may
present more dramatically with syncope or sudden
death.

Intramyocardial tumors most commonly result in
rhythim or conduction disturbances and may produce
palpitations or syncope. They can occasionally present
as sudden cardiac death due to cardiac ruprure. Peri-
cardial tumors result in the accumulation of blood or
exudative fluid in the pericardial space and may produce
symptoms of pericarditis or pericardial tamponade (see
Chapters 33 and 34).
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Primary Cardiac Tumors

Benign Malignent

I. Myxoma I. Angiosarcoma

2. Lipoma 2. Rhabdomyosarcoma

3. Papillary fibroelastoma 3. Mesothelioma

4. Rhabdomyoma 4. Fibrosarcoma

5. Fibroma 5. Malignant lymphoma

6. Hemangioma 6. Osteosarcoma

7. Teratorna (in 7. Thymoma
childhood) 8. Neurogenic sarcoma

8. Mesothelioma of the 9. Malignant teratoma

atrioventricular node
9. Granular cell tumor

{in childhood)

Transesophageal echocardiogram

Figure 46-1
demonstrating a large (4.5cm » 3.5¢cm) atrial myxoma
arising from the interatrial septum.

Physical Examination

The physical examination of patients with cardiac
tumors is often unremarkable. Howevet, several find-
ings may be noted, including:

* a tumor plop, an early diastolic sound frequently
confused with an opening snap or an S;, may be
heard in patients with large atrial tumors

< CRAH M PeXapn-ROMBEDCHMA: MYCAHI s7 dpoww. py >

.ﬁrdiac Tumors

¢ systolic or diastolic murmurs mimicking mitral
regurgitation or stenosis may be present with left
atrial tumors

* signs of heart failure may be present with lfarge
wmots of any cardiac chamber

With metastatic cardiac tumors, signs of the primary
tumor may be identifiable on examination.

LABORATORY EVALUA"'I‘ION

Rnutmc labomtcry testing is not usually helpful in
the diagnosis of cardiac tumors. Nonetheless, cardiac
myxomas are often associated with anemia and an ele-
vated erythrocyte sedimentation rate. These findings
likely result from production of interleukin-6 by the
myxoimna.

DIAGNOSIS

F he diagnosis of cardiac temor is usually madc l)}
two-dimensional echocardiography. A transthoracic
echocardiogram can provide information about tumor
size, site of attachment, and mobility. When the
transthoracic study is not definitive, transesophageal

- echocardiography (TEE) can provide improved reso-

Jution of the tumor and its attachment (sce Figure 46-1).
TEE can also detect smaller tumor masses not readily
seen by transthoracic echocardiography, Computed
tomography (CT) of the heart has also been used o
evaluate cardiac tumors; it is most useful in determin-
ing the degree of myocardial invasion and the involve-
ment of pericardial and extracardiac structures. In
addition to visualization of the pericardium and extra-
cardiac structures, cardiac MRI provides better defini-
tion of tumer prolapse and secondary valve obstruetion,
and can differentiate thrombi from tumors. Cardiac
catheterization and angiography are not necessary in
most cases of cardiac twmors, except to exclude coexist-
ing coronary artery disease that may warrant revascu-
larization at the time of tumor resection.

TREATM ENT

For bemgn cardiac tumors, operative excision is the
treatment of choice and, in most cases, is curative.
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Peripheral embolization or dispersion of micrometas-
tases remains the major sargical risk. Long term prog- : e
nosis is good, although myxomas may recur after initial  § Primary cardiac tumors are rare.
resection.

Operative resection is not an effective treatment for
the majority of malignant primary or metastatic cardiac
tumors owing to extensive tissue involvement or distal
metastases. Prognosis is poor in general, with overall
survival of 1-3 vyears following partial resection,

2. The most common primary cardiac tumor is
an atrial myxoma.

3. The most common tumors to metastasize to
the heart are lung, breast, and renal carcino-
mas; melanomas; and lymphomas.

chemotherapy, radiation, or combinations of these 4. Symptoms of cardiac tumers usually relate to
treatment modalities. Malignant pericardial effusions their anatomic position rather than their his-

frequently recur after initial drainage and may require | tological type.
surgical pericardiotomy (“pericardial window™). : o
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Questions

A 67-year-old veteran with a history of calf claudi-
cation and an abdominal aortic aneurysm repair
presents to your office for a routine visit. He has
no known coronary artery disease (CAD), diabetes,
or family history of premature CAD. He stopped
smoking 3 years ago. His blood pressure is [28/70
mmHg on an angiotensin-converting enzyme (ACE)
inhibitor. His other medications include aspirin and
multivitamins. His physical examination is notable
for a well-healed abdominal surgical scar, and dimin-
ished bilateral dorsalis pedis and posterior tibial
pulses. His wife mentions that his diet is “terrible,”
and she is concerned that his cholesterol level might
be high. A fasting lipid profile is as follows:

Plasma total cholesterol 196 mg/di
Plasma LDL cholestercl 40 mg/dl.
Plasma HDL cholesterol 35mg/dL.
Serum triglycerides 105 mg/dL.

In addition to initiating therapeutic lifestyle changes,
what is the most appropriate management?

a. Repeat lipid profile in 3 months; target
LDL < 130mg/dL

b. Repeat lipid profile in 3 months; target
LDL < 100mg/dL

¢. Initiate HMG-CoA reductase inhibitor; target
LDL < {00mg/dL

d.  Repeat lipid profile in 3--5 years

e. Initiate a fibric-acid derivative agent

2. A 25-year-old woman presents to your clinic after

“passing out” while standing in fine at a bank. imme-
diately prior to the event, she recalls feeling nause-
ated and bhad a “warm sensation all over” She
subsequently felt lightheaded and lost conscious-
ness for approximately 30—-40 seconds, following
which she awoke and was aware of her surround-
ings. Vitnesses told her that she attempted to hold
onto a counter prior to collapsing. She denies
previous syncopal episodes. Examination reveals
normal BP and heart rate. Her pulmonary, cardiac,
and neurclogical examination are all normal. Herma-
tocrit, BUN, creatinine, and electrolytes are all
normal. An echocardiogram and ECG performed in
your office are unremarkable.

What is the most appropriate next test to perform
in this patient’s evaluation,

a.  Holter monitoring

b. electrophysiclogical study
head CT scan

d. tilt table testing

e. carotid sinus massage

A 35-year-old nonsmoking male without significant
past medical history presents with chest pain and
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exertional dyspnea. Review of symptoms is notable
for a one-week history of antecedent flu-like symp-
toms. Physical examination reveals a jugular venous
pressure {JVP) of 15em HO, and rales halfway up
the lung fields bilateralty. An §; and a 1lI/VI holosys-
tofic murmur at the apex are noted, as is pitting
edema of bilateral lower extremities. Elecerocardio-
gram reveals diffuse ST-T wave abnormalities. The
initial creatine kinase (CK) is 586 with an index of
7%.The most likely diagnosis is:

pulmonary embolism
acute myocardial infarction
viral pericarditis

viral myocarditis

o n o p

hypertrophic cardiomyopathy

You are asked to evaluate a 56-year-old man who
has recently developed intermittent chest pain. He
bas a history of hypertension, smoking, and gas-
troesophageal reflux disease. Over the past three
weels he has noted several episodes of right-sided
chest pain that occur at rest, are associated with
mild diaphoresis, last 5-10 minutes, and sponta-
neously resolve. He has not noted exertional symp-
toms. His blood pressure is 140/80mmHg, and his
heart rate is 70bpm. He has a prominent S, but an
otherwise normal examination. An ECG reveals
normal sinus rhythm and left ventricular hyper-
trophy with a “strain” pattern {anterolateral ST-T
abnormalities). You make the diagnosis of atypical
chest pain and schedule him for a stress test. Which
of the following is the most appropriate type of
stress test for this patient?

a. exercise ECG

b. dobutamine echocardicgram

c. adenosine stress with nuclear imaging
d.  24-hour ambulatory ECG monitoring

e. exercise stress with nuclear imaging

A 63-year-old male smoker presents to your clinic
for a regularly scheduled appointment. On exami-
nation, his blood pressure is [40/90. His pulse is 70
and regular. His respiratory rate is 20. There is no
jugular venous distension. His carotid pulses are |+
bilaterally without bruits. Examination of his chest
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reveals diffusely decreased breath sounds with scat-
tered rhonchi. Precordial esdmination is unremark-
able, Abdeminal  examinaticn - reveals -a--pulsatite
mass with an associated bruit. Peripheral puises are
diminished but symmetric. You obtain an abdorni-
nal ulerasound that reveals an abdominal aortic
aneurysm. Which of the following factors would
prompt you to recommend elective surgical repair?

. coexistent coronary artery disease

b. family history of abdominal aneurysm
absence of symptoms

d. concomitant peripheral vascular disease

e. aneurysm diameter of 6em

The following options apply to questions 6—8:

a. acute myocardial infarction
b. unstable angina

¢. stable angina

d.  pulmonary embolism

e, spontaneous pneumothorax
f.  pericarditis

g.  costochondritis

b, aortic dissection

coronary artery spasm

A 60-year-old male with a history of hypercholes-
terolemia and smoking reports a 2-year history of
substernal chest discomfort precipitated by exer-
tion and relieved by rest. In the past several weeks,
the pain has become more frequent and is precipi-
tated by less exertion.

A 45-year-old man presents with sudden, severe,
sharp chest pain that radiates to his back. On exam-
ination, his weight is 160 pounds; his height is 72
inches. His heart rate is | 10bpm. His blood pres-
sure is 124/70 in the left arm and barely palpable in
the right arm.

A 36-year-old man presents with intermittent,
sharp, mid-sternal chest pain. The pain is somewhat
worse with inspiration and is associated with miid
dyspnea. Several weeks prior, he and his children had
“cold” symptoms.
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A 73-year-old man with a history of hypertension
and peripheral vascular disease presents with acute
onset of chest pain. The pain was initially epigastric,
but then settled between his shoulder blades. On
physical exam, he appears quite anxious. His blood
pressure is 190/90mmHg in both arms. Pulse is 98
bpm and regular. Respiratory rate is 20/min. His
jugular veins are not distended, and his lungs are
clear. Precordial exam reveals an S, No murmur is
noted. Abdominal exam is notable for moderate
tenderness with deep palpation and a peri-umbilical
bruit. His right dorsalis pedis and posterior tibial
pulses are |+

Laboratory swdies include:
BUN: 40

Creatinine: 1.5
Hematocrit: 34%

ECG: Sinus tachycardia, left ventricular hypertrophy,
no acute ischemic changes.

The most likely diagnosis is:

a. aortic dissection

b. acute myccardial infarction

c. acute arterial embolus

d.  pulmonary embolism

e, pancreatitis

The patient in the preceding question undergoes
a computed tomography (CT) scan that demon-
strates a descending aortic dissection originating
just distal to the aortic arch and extending to the
aortic bifurcation. There is no significant vascular

obstruction seen. The most appropriate initial
therapy for this patient should include:

labetalol and nitroprusside

a
b. heparin

[

emergent surgical intervention

d. thrombolytic therapy

e. intravenous fluids and narcotic analgesics

A 4l-yearold male smoker is referred to your
clinic for the evaluation of claudication. This began

several months ago and has steadily progressed
since that time. Additional questioning reveals
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symptoms of cold-induced vasospasm. He has no
history of diabetes or hypertension. On physical
examination, the patient is a thin man in no acute
distress. His blood pressure is 140/80mmHg, and
his pulse is 68bpm. His chest is clear and cardiac
examination is unremarkable. His abdomen is soft
and nontender without masses or bruits, His extre-
mities are warm but with diminished radial, dorsalis
pedis, and posterior tibial pulses. Which of the fol-
lowing should you recommend?

a.  atenolol 50 mg daily
b. diltiazem 30mg four times daily

assessment of ankle-brachial indices

o

d.  smoking cessation

e. surgical revascularization

A 70-year-old woman is admitted for progressive
dyspnea. Physical examination reveals moderate res-
piratory distress. Her heart rate is 1 10bpm and her
blood pressure is 105/60mmHg, but the systolic
pressure falls to 90mmHg with inspiration. Her
radial pulse is |00bpm, and the pulse volume varies
significantly with the respiratory cycle. Her jugular
venous pressure is elevated, and there is moderate
lower extremity edema. Chest examination reveals
distant heart sounds and faint crackles at the base
of the left lung. This patient is most likely to benefit
from:

a. intravenous diuretics and oral ACE inhibitors
b. nebulized albuterol and intravenous steroids
c. pericardiocentesis

d.  aspirin, nitroglycerin, and beta-blockers

e. intravenous antibiotics

A 60-year-old male smoker presents with inter-
mittent fevers cver a several-week period. He has
no significant past medical history, but was told that
he had a murmur at some point in the past. His tem-
perature is 100°F (37.7°C), heart rate 85bpm, and
blood pressure |35/70mmMHg. Physical examination
reveals digital clubbing and splenomegaly. Small, ery-
thematous, nontender spots are noted over the
palmar aspect of his hands. His lungs are clear to
auscultation. Cardiac examination reveals a mid-
systolic click and a faint, apical, holosystolic mur
mur. What is the most likely diagnosis?
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pheumonia
viral syndrome

infectious endocarditis

apn g o

pericarditis

e. congenital eardiac shunt

A 44-year-old woman presents to the emergency
room with complaint of increased pedal edema. She
has a history of smoking, bordertine hypertension,
and class IF heart failure resulting from a nonis-
chemic cardiomyopathy. Her medications include a
diuretic, a beta-blocker, and birth control pills. She
fives in Mexico and recently came to the US to visit
family. Shortly after her arrival she noted increased
pedal edema. She denies any change in her baseline
dyspnea, has been compiiant with her medications,
and denies any recent chest pain.

On examination, she is mildly uncomfortable but in
no respiratory distress. Her blood pressure is
130f70mmHg. Her pulse is 88bpm and regular. Her
JVP is elevated at 8cm MO without hepatojugular
reflux (HJR). Chest exam reveals moderate aesration
but no evidence of consolidation. Precordial exam-
ination demonstrates distant heart sounds and a
soft §;. Her abdominal examination is benign. There
is I+ edema of the right lower extremity. The left
lower extremity demonstrates 2-3+ edema with
mild erythema and warmth. VWhat is the most ap-
propriate next step in her management!

a,  administer intravencus diuretics

b. obtain blood cultures and start intravenous
antibiotics

c. obtain bilateral lower extremity ultrasound
studies

d.  check 24-hour urine protein excretion

e. start an ACE inhibitor and arrange follow-up
with a local physician

A 69-year-old man is referred to you for a recent
episode of syncope. While walking on the beach in
Florida, he had sudden loss of constiousness and
awoke to find his family jooking over him. He does
not recall the event, but his daughter states that he
“fell over™ without warning. He has never had
syncope in the past, but does admit to occasional
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chest pain and exertional dyspnea.A physical exam-
ination reveals a blood pressure of [32/76 mmHg
and a heart rate of 72bpm. His lungs are clear.There
are delayed and subdued carotid upstrokes with a
loud, late-peaking, systolic crescendo-decrescendo
murmur over the sternal border near the 2™ inter-
costal space. The second heart sound is faintly
audible. Pulses are |+ in all four extremities, there
is no edema.

The most likely cause of this patient’s syncope is:
a. acute myocardial infarction
b. vasovagal syncope

¢. orthostatic hypotension

a

aortic stenosis

e. mitral stenosis

A 75-year-old woman with chronic atrial fibrillation
presents to the ambulatory care clinic complaining
of one week of fatigue and intermittent dizziness.
She had previously been very active and normally
walks arcund a small park every day. She denies any
dyspnea or angina and reports no episodes of
syncope. Her only other medical history is hyper-
tension for which she takes hydrochlorothiazide.
She also takes warfarin for her atrial fibrillation. An
ECG in the clinic reveals atrial fibriflation with an
average heart rate of 38—45 beats per minute.

The next appropriate step in the management of
this patient would be:

Holter monitoring

a
b. echocardiogram

n

implantation of a pacemaker

o

implantation of an implantable cardioverter-
fibrittator (ICD)

e. no therapy other than reassurance

You are asked to consult on a 70-year-old man who
was recently admitted to the coronary care unit
{CCL)) following a cardiac arrest in a shopping mall.
He was successfully resuscitated and brought to your
hospital. He was initially unresponsive, but after 5
days, he has regained all neurological function. He has
no known prior cardiac history, but admits to occa-
sional dyspnea on exertion and pedal edema. Initial
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Figure Q-18

ECG revealed sinus rhythm with a left bundle branch
block (LBBB). Laboratory evaluation in the CCU
failed to demonstrate evidence of acute myocardial
infarction. An echocardiogram was performed and
demonstrated severely impaired left ventricular
function (left ventricular ejection fraction [LVEF]
25%). Coronary angiography revealed only mild ath-
erosclerotic disease of his coronary arteries.

In addition to optimizing medical therapy, you would
recommend:

Heolter monitoring

a.
b. exercise stress test

4

implantation of an ICD

=8

electrophysiological study

e. implantation of a pacemaker

A 35-year-old woman with systemic lupus erythe-
matosus (SLE) complains of sharp left chest pain
that is aggravated by breathing. She admits to having
felt “under the weather” for the past week with a
mild non-productive cough and rhinorrhea. She has
also noted mild dyspnea with exertion. She denies
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any recent injury, or other focal pains. Her lupus has
been relatively quiescent and has not required treat-
ment for several years. Physical examination demon-
strates a temperature of [00.4°F (38.0°C), BP of
140/82mmMg, and an HR of 80bpm. Her VP is
normal, and her fungs are clear to auscultation,
Cardiac examination reveals normal heart sounds
and a faint, coarse murmur that is difficult to char-
acterize. Her ECG is shown (see Figure Q~18).

The most likely diagnosis is:

a. acute myocardial infarction
b. acute pericarditis

<. mitral stenosis

d.  pulmonary embolism

€. pneumonia

A 48-year-cld obese man presents to the emer-
gency room with dyspnea. He reports that the
dyspnea began suddenly white he was sitting and
wartching television. He notes associated left lateral
chest pain that is worse when he breaths deep. He
denies fevers, chills, or cough. On examination, the
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patient appears to be in moderate respiratory
distress. Blood pressure is 110/70mmig, pulse is
regular at [04bpm, and respiratory rate is 28/min.
His oxygen saturation is 93% on room air. Jugular
venous pressure is 9cm HyO without HJR. His chest
is clear, and his precordial exam is normal aside
from tachycardia. His extremities are symmetric
without edema or calf tenderness. Chest x-ray is
normal, and ECG is without ST or T wave abnor-
malities. The most likely diagnosis is:

a.  pneumonia
b. pneumocthorax
c. pleurisy
pulmonary embolism

pericarditis

The most appropriate initial diaghostic study to
confirm the diagnosis in question #19 is:

A sputum cuhture

arterial blood gas

B

C. echocardiogram

D.  lower extremity ultrasound
E.

ventilation/perfusion (V/Q) scan

A 44-year-old man with alcoholic cardiomyopathy
presents with dyspnea and increasing edema.
Review of symptorns is notable for orthopnea and
paroxysmal nocturnal dyspnea {PND), On exam he
is in moderate respiratory distress. Blood pressure
is 110/73mmHg, pulse is [00bpm and regular, res-
piratory rate is 24/min, and oxygen saturation is
93% on room air. JVP is markedly elevated and
hepatojugular reflux is present. Examination of the
chest reveals bibasilar rales. Precordial examination
demenstrates tachycardia, a prominent 3, and 11/VI
holosystolic murmur at the apex. His extremities
are cool, and he has severe pedal edema. He is
admitted to the coronary care unit, and right heart
catheterization is performed. Initial pressures are:

right atrium: 20mmHg

pulmonary artery: 72/36 mmHg
pulmeonary capillary wedge: 33 mmHg
cardiac output: 2.2L/min

systemic vascular resistance: 2218 dynes-sec-
cm-5

22,
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In addition to oxygen and diuresis, the initial man-
agement of this patient should include:

a.  enafapril and metoprolol

b. dopamine and dobutamine

¢. dobutamine and sodium nitroprusside
d. digoxin and intravenous nitroglycerin

e. intra-aortic balloon pump

A 72-year-old man is referred for the evaluation of
exertional dyspnea. History is notable for PND,
orthopnea, lower extremity edema, and increas-
ing abdominal girth. On examination, the patient
appears comfortable, with blood pressure 130/80
mimiig, a heart rate of 90bpm, a respiratory rate of
24/min, and an oxygen saturation of 94% on room
air. His JVP is elevated and increases during inspira-
tion. There are decreased breath sounds and dull-
ness to percussion at the lung bases. Precordial
examination is notable for a nondisplaced point of
maximal impulse (PMI), normal §, and S, without
additional heart sounds or murmurs. His abdomen
is distended, and his liver is enlarged.There is severe
bilateral lower extremity edema. Periorbital ecchy-
moses are also noted.

Laboratory studies are as follows:
K': 4.7, BUN: 48; creatinine: 2.6
Hematocrit 31; platelets 150,000

Chest x-ray: Normal cardiac silhouette. Bilateral
pleuraf effusions.

ECG:Sinus rhythm at 90bpm. Low limb lead voltage.
Late transition and poor R wave progression.

Echocardicgram demonstrates thickened left and
right ventricles with mildly reduced systolic func-
tion. There is no significant valvular disease. There
is a small pericardial effusion noted.

The most likely diagnosis is:
a.  idiopathic ditated cardiomyopathy
restrictive cardiomyopathy

constrictive pericarditis due to undiaghosed
connective tissue disease

d.  high output failure

e. pericardial tamponade
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A 34-year-old woman is referred to your clinic for
the evaluation of exertional dyspnea. She reports a
two-month history of progressive dyspnea with an
associated decline in exercise tolerance. She denies
PND, orthopnea, or edema. She has no significant
past medical history, She does not smoke, is un-
married, and has no children. She denies any history
of recreational drug use.

On examination she appears comfortable at rest.
Her weight is 190 pounds, her height is 5’3", Her
blood pressure is 130/90 mmHMg, pulse is 90bpm,
respiratory rate is 20/min, and oxygen saturation is
94% on room air. JVP is 10em H,O without HJR.
Her lungs are clear. Precordial exam is notable for
a right ventricular heave, a loud second heart sound,
and a holosystolic murmur at the left lower sternal
border that increases slightly with inspiration.
Her extremities are without clubbing, eyanosis or
edema.

Laboratory studies reveal normal electrolytes, renal
function, coagulation profile, and urinalysis. She has
a mild anemia. Chest x-ray reveals loss of the
retrosternal air space, and prominent central vas-
culature with cropping of the peripheral pulmon-
ary vessels. Her ECG demonstrates normal sinus
rhythm at 90bpm, right axis deviation and right
atrial enlargement.

The most likely cause of this patient’s dyspnea is:

a.  coronary artery disease

b. asthma

¢ pulmonary hypertension
anesmia

e. acute pulmonary embolism

The patient in question #23 undergoes pulmonary
artery catheterization that demonstrates a pul-
monary arterial pressure of 76/45mmHg. Echo-
cardiogram demonstrates normal left ventricular
function, but moderate right ventricular dysfunction
and tricuspid regurgitation. An extensive evaluation
does not reveal an obvious underlying cause, and
she is diagnosed with primary pulmonary hyper-
tension. The initial treatment of choice is:

a.  angiotensin-converting enzyme inhibitor

b. vasodilating calcium channel blocker (ie.,
hifedipine)
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¢. beta-blocker
d.  epoprostencl

e. lung transplant

25. A é4-year-old man with hypertension and dys.

lipidemia presents to the emergency room with
dyspnea. He has not had chest pain and denies
abdominal pain, back pain, headache, visual changes,
or paresthesias. His only medications are atenolol
and simvastatin. He does not smoke and denies illicit
drug use.

He appears in severe respiratory distress. His blood
pressure is 230/120mmHg in both arms; his pulse
is 92bpm and regular. Fundoscopic examination
reveals changes consistent with hypertensive
retinopathy. Jugular venous pressure is 12em HO.
Lung examination reveals rales nearly to the apices
bilaterally. Precordial examination demonstrates a
prominent S, and a hyperdynamic apex without
appreciable murmurs. Neurological examination is
nonfocal.

Laboratory studies include:

BUN 25
Creatinine 1.5
Glucose 85

pH 7.44
pCO, 35

pO, 65
Urinalysis

Specific gravity 1.0l
pH 6.5
Protein trace
RBC 0-2/hpf
WBC O0-2/hpf

Electrocardiogram reveals left ventricular hyper
trophy with repolarization abnormalities.

The most appropriate initial management of this
patient should include:
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a.  oxygen, IV furosemide
b.  oxygen, IV furosemide, sublingual nitroglycerin

c. oxygen, IV furosemide, intravenous sodium
nitroprusside

d.  oxygen, IV furosemide, morphine
e, oxygen, IV furosemide, oral metoprolol
The following options apply to questions

26-28:

aortic stenosis

a
b. aortic regurgitation

¢.  mitral stenosis

d.  miwral regurgitation

e. atrial septal defect

f.  patent ductus arteriosus

g bypertrophic obstructive cardiomyopathy

A 3é-year-old woman from Trinidad presents with
intermittent palpitations for several months. She
also notes dyspnea on exertion and occasional
orthopnea. Examination demonstrates a heart rate
of 100bpm and blood pressure of 110/60. Her fungs
are clear but her jugular vencus pressure is elevated
at 8mmig. She has a loud second heart sound and
a low-pitched diastolic murmur at the cardiac apex.
An additional sound is heard shortly after 5, What
is the cause of her murmur?

A T7h-year-old man presents for evaluation of
dyspnea. He reports several years of occasional
exertional chest pain and the recent onset of both
exertional and rest dyspnea. He admits to a single
episode of exertional syncope several weeks prior.
Examinhation reveals a soft S,, a HI/VI, crescendo-
decrescendo, systolic murmur at the upper sternal
border that radiates to his carotids. What is the
cause of his murmur!

A 40-year-cld man presents for evaluation of a
murmur. He has a history of hypertension for which
he has been treated with diuretics. His brother died
suddenly at the age of 38 years. On examination, his
blood pressure is 148/90mmHg. There is a Vi
mid-peaking systolic murmur along his left sternal
border that does not radiate, but increases in inten-
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sity during the strain phase of Valsalva. What is the
cause of his murmur?

A 65-year-old man presents with fevers, chifls,
weight loss, and malaise. His examination demon-
strates splinter hemorrhages in his nail beds and
conjunctival petechiae. A {H/VI HSM is heard at the
cardiac apex. Echocardiography demonstrates a veg-
etation on his mitral valve and moderate mitral
regurgitation. Blood cultures are obtained and grow
Streptococcus bovis. He is placed on appropriate
antibiotics and remains hemodynamically stable.
Further evaluation at this stage should include:

a.  transesophageal echocardiogram
b. thoracic CT scan
CT scan of the head

cardiac catheterization

o

e. colonoscopy

A 35-year-old construction worker presents with
several days of fevers and chills. Examination reveals
a temperature of 102°F {38.8°C), heart rate of [10
bpm, and blood pressure of 120/85 mmHg. His teeth
are in poor condition. His fungs are clear, and
cardiac examination is unremarkable. Blood cuftures
are drawn and grow Streptococcus viridans. He is
diagnosed with subacute bacterial endocarditis
(SBE). Despite antibiotics, the patient continues to
have persistent fever, and on the fifth hospital day
he develops acute dyspnea. Physical examination is
likely to reveak

a.  a holosytolic murmur at the apex

b. an early-peaking, crescendo-decrescendo mur-
mur at the upper sternal border

weak and delayed carotid upstrokes

d. an apical mid-diastolic murmur with pre-
systolic accentuation and opening snap

e. a 3-component pericardial friction rub

A 62-year-old woman presents to the emergency
room of a community hospital with 2 hours of
dyspnea and diaphoresis. When specifically ques-
tioned, she also admits to mild chest heaviness
and an uncomfortable feeling in her left shoulder.
She has a history of hypertension, type 2 diabetes
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Figure Q-31

32

mellitus, and former tobacco use. Her medica-
tions include metformin, an ACE inhibitor, and
hydrochlorothiazide.

On physical examination, her pulse rate is 96bpm
and regular, respiratory rate is 20/min, and blood
pressure is |10/65mmHg. Jugular venous pressure
is not elevated. Lungs are clear to auscultation.
There is an S4 but ne murmur is detected. Chest
radiograph demonstrates normal cardiac and medi-
astinal silhouettes with clear lung fields. Her ECG
is shown above (Figure Q-31). What is the most
likely diagnosis?

a.  pericarditis

b. acute myocardial infarction

€. unstable angina

d.  left bundle branch block

e. pulmonary embolism

In addition to administering oxygen and chewable

aspirin, initial therapy for the patient in question #3 |
should include:

a.  beta-blockers and low-molecular-weight hepa-
rin

b. calcium-channel blockers and low-molecular-
weight heparin

c. non-steroidal anti-inflammatory agents

33

34.

d. nitrates and intravencus diuretics

e. dopamine and intravenous nitrates

After the above therapy is instituted, the patient
continues to complain of chest discomfort, although
the intensity is somewhat less. A repeat electrocar-
diogram is unchanged. Further history reveals that
she suffered a mild stroke 6 months age. What is
the most appropriate next step in management?

a. Increase analgesics (morphine sulfate) until
discomfort resolves.

b. Obtain a chest CT to rule out aortic
dissection.

¢.  Administer intravenous thrombolytic therapy.

d.  Arrange transfer to a tertiary care hospital for
primary angioplasty.

e. Obtain ventilation-perfusion scan to rule out
pulmonary embolism.

A 65-year-old woman is admitted to the hospital
for progressive dyspnea and fatigue. She has a
history of hypertension, smoking, and lung cancer
and underwent a lobectomy & months previousty.
Initial evaluation demonstrated a blood pressure of
I 10/75 mmHg and a heart rate of 88bpm. Her exam
demonstrated decreased breath sounds at the left
lower lung field and distant heart sounds. Initial
laboratory evaluation was significant for:



35.

_ .Blueprmts in Cardiology

White blood celf count:

12.6 x 10%mm’ {normal: 4-10)

Hematocrit: 27% {normal: 42-52)

Initial chest x-ray demonstrated a left pleural effu-
sion and a large cardiac silhouette.

She is treated with transfusion therapy. During her
hospitalization, she develops acute hypotension with
a BP of 80/50mmMg and a heart rate of {15bpm.,
She feel very light-headed but denies chest pain.
Cardiac examination reveals faint heart sounds and
elevated jugular venous pressure. Her lung exami-
nation is unchanged from previous.

The intervention likely to be of most benefit to this
patient is:

a. cardiac catheterization
b. intravenous antibiotics
pericardiocentesis

d. intravenous heparin

e. thoracentesis

A 50-year-old man presents to the urgent care
clinie for evaluation of substernal chest pain. Over
the past 2 weeks, he has experienced similar chest
discomfort that is brought on by light exertion,
relieved with rest, and has increased in frequency
and duration. He describes having had an episode
of chest pain at rest, lasting for 40 minutes, which
prompted him to seek medical care. He is currently
pain free. He smokes 1 pack of cigarettes a day, and
reports that his younger brother had suffered a
“heart attack” at age 40. He does not know what
his cholesterol status is. Me is otherwise in good
heafth but does not exercise regularly.

On examination, his pulse rate is 80/min and regular,
respiratory rate is 20{fmin, and blood pressure is
150/95mmidg. Pulse oximetry reveals an oxygen
saturation of 98% on room air An S, gaflop is
present, but the rest of his physical examination is
unremarkable. Electrocardiogram reveals normal
sinus rhythm with lefc ventricular hypertrophy, but
without significant ST segment abnormalities,

You send him to the emergency department immedi-
ately for further evaluation.A chest radiograph shows
mild cardiomegaly. His complete blood count is
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normal, his creatinine is 0.9 mg/dL, his creatine kinase
is [04mg/dL with an MB index of 1.0,and his cardiac
troponin is normal What is the most likely diagnosis?

acute myocardial infarction
unstable angina

stable angina

= L

acute pericarditis

e. pulmonary embolism

On arrival to the emergency room, he is given
aspirin, low-molecular-weight heparin, and beta-
blockers. Which of the following is the most appro-
priate next step in his management?

a. emergent cardiac catheterization
b. administration of thrombolytic therapy

c. observe on telemetry and obtain further
serum cardiac markers

d. immediate exercise tolerance test with nuclear
imaging for diagnosis

e. transthoracic echocardiogram

While waiting in the emergency department, he
develops chest pressure radiating to his neck and
associated with diaphoresis. A repeat electrocar-
diogram is obtained (Figure Q-37). His chest pain
is relieved by two sublingual nitroglycerin tablets;
however, a subsequent ECG is unchanged. Which of
the following would you recommend?

administration of thrombolytic therapy

b. administration of glycoprotein HB-ilA inhibi-
tor, then urgent cardiac catheterization

administration of NSAIDs
d. administration of intravenous nitroglycerin

e. observation for 24 hours, followed by exercise
tolerance test

A 65-year-old man with type 2 diabetes mellitus
presented with recurrent exertional chest discom-
fort that was felt to be consistent with angina pec-
toris. His medications included aspirin, atenolol,
captopril, iscsorbide menonitrate, glyburide, sim-
vastatin, and an H-2 blocker. His pulse rate was
64/min and blood pressure 130/75mmHg. A subse-
quent exercise tolerance test induced 3-mm of ST
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depression after 3 minutes of exercise. Cardiac
catheterization is performed promptly and reveals
high-grade obstruction (> 75%) of the proximal left
anterior descending and right coronary arteries.
Left ventricular function by echocardiography is
mildly depressed with an ejection fraction of 45%,
Which of the following should you recommend?

a. percutaneous transluminal coronary angio-
plasty (PTCA) +/— stent implantation

b. continuation of current medical therapy
¢.  transmyocardial laser revascularization
d.  coronary artery bypass surgery (CABG)

e. intensification of current medical therapy

A 69-year-old woman presents to the emergency
department with 3 hours of substernal chest tight-
ness, associated with nausea and diaphoresis. Her
history is significant for hypertension. Medications
include diltiazerm. On physical examination, her pulse
rate is 100/min, and blood pressure is 120/75 mmHg.
Jugular venous pressureis 10am HyO. Lungs are clear
to auscultation. Cardiac examination reveals a regular
rhythm without murmurs or galiops. Electrocardio-
gram shows 2-mm ST-segment elevation in I, 1l aVF
with ST-segment depression inV;. Chest radiograph is
normal. Sublingual nitroglycerin is administered.

40,

41.
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She becomes pale, clammy, and lightheaded. Repeat
blood pressure is 80/60 mmHg. She is placed in the
Trendelenberg position and an intravenous fluid
bolus is given. Her blood pressure increases to
90/62 mmHg.What is the most likely diagnosis?

a. acute inferior myocardial infarction with RY
infarct

b. aortic dissection
pulmonary embolism
d.  cardiac tamponade

€. papillary muscle rupture with mitral regur
gitation

How can you confirm the above diagnosis (ques-
tion #39} promptly?

a. ultra-fast CT scan

b. transesophageal echocardiogram

¢. transthoracic echocardiogram

d.  [2-lead ECG with right-sided precordial leads
e. MRI of the chest

A 45-year-old woman from Haiti arrives at your
clinic complaining of dyspnea and a dry cough for
2-3 months. She has been unable to walk more than
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about 200 feet before developing severe shortness
of breath. She denies any fevers, but has episodic
night sweats. She tells you she has been in this
country for about 6 weeks. Physical examination
demonstrates elevated jugular venous pressure with
prominent waveforms. Notably, there is an increase
in the venous distention with inspiration. Her heart
sounds are faint with an early diastolic third sound
present. No murmur is heard. The right upper quad-
rant is tender, and the liver is pulsatite. ECG reveals
sinus tachycardia, but is otherwise normal. Chest
x-ray reveals mild scarring of the right upper lobe
of the lungs and calcification of the periphery of the
cardiac silhcuette. PPD is positive.

The most likely cause of her dyspnea is:
a  pericardial tamponade

pulmonary tuberculosis
constrictive pericarditis

acute pericarditis

P AN g

severe mitral stenosis

The best manner in which to confirm the diagno-
sis in the patient in question #41 would be:

a.  chest CT scan
b, ECG

echocardiogram

n

o

bronchoscopy

e. cardiac catheterization

43.
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A 60-year-old woman is seen in the emergency
department (ED) for acute onset of palpitations
without dyspnea or chest discomfort. She has no
known cardiac history. She states the palpitations
began one hour prior to her arrival 1o the ED and
recalls no inciting factor. She ad-mits to mild asso-
ciated lightheadedness. Her BP is 140/80mmHg.
There is no increase in her VP, and her lungs are
clear. Cardiac examination reveals nc abnormal
sounds. ECG in the ED is shown in Figure Q-43.

Carotid sinus massage is attempted and has no
effect. Which of the following is the next best treat-
ment option:

a. oral nifedipine
b. elecrrical cardioversion

intravenous lidocaine

g

d. intravenous diltiazem

e. intravenous enalaprifat

A 37-year-old woman arrives at your clinic with a
6 month history of progressive dyspnea on exer-
tion and fatigue. She also notes occasional irregular
palpitations and recent onset of pedal edema. Her
past medical history is significant for asthma and a
childhood murmur. She has not seen a physician in
many years. On examination, her HR is 75bpm and
irregularly irregular. BP is 135/60mmHg. Her JVP is
{0em H;O. Palpation of her precordium reveals a
prominent left parasternal impulse. She has a normal
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S) and a prominent $,. The second heart sound is
persistently split, without respiratory variation.
There is a 2/6 systolic ejection murmur localized
to the base of her heart. Her PMI is normal. The
liver is enlarged to 3em below her costal margin
and is pulsatile. ECG reveals atrial fibrillation and
an incomplete right bundle branch block.

The most likely cause of her right heart failure is:

a.  primary pulmonary hypertension
b. atrial septal defect

ventricular septal defect

aortic stenosis

e.  aortic coarctation

The most appropriate initial method to confirm
your suspected diagnosis in question #44 is:

a. echocardiogram
b. exercise stress test

¢. cardiac catheterization
d.  chest x-ray

e. cardiac MRI

A 15-year-old girl is evaluated for a fever and joint
pains. Three weeks ago, she had a sore throat that
resolved without treatment. Four days ago, she
developed pain and swelling of the right ankle and
the right elbow. Two days ago, she developed pain
and swelling of the left ankle. Today, the affected
joints have improved, but she developed pain and
swelling of the left knee. Physical examination
reveals a temperature of 101°F (38.3°C) and a heart
rate of 110. A soft holosystolic murmur and an S,
are audible at the cardiac apex. The left knee is
erythematous, tender, and has an effusion. Labor-
atory evaluation demonstrates a mildly elevated
white blood cell count, an erythrocyte sedimen-
tation rate of 60 {normal <20), and an elevated
anti-streptococcal antibody. You make the clinical
diagnosis of acute rheumatic fever.

In regard to this patient, which of the following
statements is true!

a2  Blood cultures are likely to be positive for
group A streptococci.

47.

48.
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Questions

b. Cardiac examination is also likely to disclose
an opening snap and a low pitched mid-
diastolic murmur at the cardiac apex.

¢ Acute antibiotic treatment is not required, as
the patient’s sore throat has resolved.

d.  She should receive benzathine penicillin every
three weeks until she is 25 years old.

e. She may have residual deformity of her left
knee.

A 58-year-old postmenopausal woman comes to
your office for a routine physical examination, She
does not have a history of CAD or diabetes melli-
tus. She smokes one pack of cigarettes per day.
Family history is negative for premature CAD. Her
physical examination is unremarkable. Blood pres-
sure is |30/85mmHg.

Laboratory data shows:

Plasma glucose (fasting) [00mg/dl.
Plasma total cholesterol 238mgldL
Plasma HDL cholesterol 45 mg/dL
Plasma LDL cholesterol 166 mg/dl.
Serum triglycerides 135 mg/dl.
Liver function tests normal

Which of the following is most appropriate?

a. no specific therapy

b. smoking cessation and repeat lipid profile in 3
months

¢ smoking cessation and therapeutic lifestyle
changes (TLC} with goal LDL of <160mg/dL

d. smoking cessation, TLC, and repeat lipid profile
in 3 months, with goal LDL of <|130mg/dL

e. initiation of pharmacological therapy with goal
LDOL of <100mg/dL

A 55-year-old man is admitted to the coronary care
unit with an inferior wall myocardial infarction. He
receives intravenous tissue plasminogen activator
(tPA) with successful reperfusion and resolution of
ST-segment elevation. On his 3™ hospital day, he
develops sudden-onset shortness of breath without
any chest discomfort. His current medications are
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aspirin, metoprolol, captopril, and simvastatin. His
pulse rate is | 10/min and regular, respiratory rate
is 32/min, and his blocd pressure is 100/70mmHg.
Oxygen saturation is 90% on room air. Rales are
present bilaterally. Cardiac examination reveals a
{H-IVIVIE holosyseclic murmur heard best at the
apex with radiation to the axilla and back. An S;
gallop is present. Electrocardiogram shows sinus
tachycardia, with inferior Q waves and T wave inver-
sions, but unchanged when compared with an
earlier ECG.What is the most likely diagnosis?

ventricular septal rupture
b.  [eft ventricular free wall rupture

c. papillary muscle rupture with acute mitral
regurgitation

d.  recurrent myocardial infarction

e. pulmonary embolism

Which of the following is the most appropriate
course of action for the patient in question #48?

a. digoxin

b. furosemide
heparin

d. pericardiocentesis

e. intra-aortic balloon pump placement and
emergent surgery

A 58-year-old post-menopausal woman with a
history of chronic stable angina, hypertension, and
type 2 diabetes mellitus, presents to your office for
a routine visit. Her anginal symptoms have remained
stable since her last visit 3 months ago. She brisk-
walks for 45 minutes 3-5 times per week. She does
not smoke and is compliant with her medications,
which include aspirin, atenclol, lisinopril, and insulin.
On examination, her pulse rate is 60/min and blood
pressure is | 18/75mmHg. Fasting laboratory data
is notable for an Hba of 7.2%, blood glucose of
150mg/dL, total cholesterol of 200mg/dL, HDL
of 35mg/dl, and LDL of 140mg/dL. Which of the
following would be most appropriate!

a. addition of clopidogrel

b. initiation of HMG-CoA reductase inhibitor
(“statin™)
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¢. increase atenclol
d.  increase lisinopril

e. increase insulin

A 26-year-old woman who is in the 2™ trimester
of her 1* pregnancy is referred to you because of
a cardiac murmur. She is asymptomatic aside from
exertional fatigue. On physical examination, her
pulse rate is 85bpm, and blood pressure is | 16/64
mmig. Jugular venous pressure is 6~7cm H;O.
Lungs are cdlear Cardiac examination reveals a
hyperdynamic apex and a grade H/VI early-peaking,
systolic ejection murmur heard best at the upper
left sternal border, §, and §; are normal. Additional
heart sounds are not heard. Mild bilateral lower
extremnity edema is present. ECG is essentially
normal. Which of the following is most appropriate?

a. obtain a chest x-ray to evaluate the cardiac
silhouette

b.  start diuretic therapy

obtain an echocardiogram to evaluate for
structural cardiac abnormalities

d.  antibiotic prophylaxis for endocarditis
e. no spedific cardiac therapy

f.  obtain lower extremity vascular ultrasound to
rule out deep vein thrombosis

You are seeing a 38-year-old woman who is in the
3" trimester of her 3 pregnancy. She has a his-
tory of mild hypertension that is treated with
hydrochlorothiazide, although this has been discon-
tinued by her obstetrician. She is currently asymp-
tomatic. On physical examination, her pulse rate is
84/min, and her blood pressure is [40/96 mmHg on
multiple readings. The rest of her examination is
unremarkable other than a gravid uterus. Her serum
creatinine is normal. No proteinuria is present.

In addition to recommending sodium’ restriction
and rest, which of the following anti-hypertensive
medications would you prescribe at this time?

a  atenolol

b. captopril

c.  hydrochlorothiazide
d. methyldopa

e. labetalol
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l. ¢

Recognize CAD risk equivalemts according to current
guidelines. Peripheral arterial disgase, abdominal aortic
aneurysm, symptomatic carotid artery disease, and dia-
betes mellitus are considered CAD risk equivalents. The
goal LDL level should be <I100mg/dL in these patients.
In addition to therapeutic lifestyle changes (TLC), drug
therapy should be considered simultanecusly in such
patients. In order to achieve the LDL goal, 2 30% reduc-
tion in LDL level is necessary, TLC alone is unlikely to
achieve this level, HMG-CoA reductase inhibitors lower
LDL levels effectively (18-55%). Fibric-acid derivatives
{fibrates} lower triglycerides effectively, although LDL
reduction is relatively small (5-20%).

2. d

Recognize the presentation of vasovagal syncope and
know the appropriate diagnostic test. This type of
syncope is common in younger patients and is frequentdy
associated with a stressful event or prolonged standing.
ft is often preceded by lightheadedness, dizziness, and
vasodilatation (“warm feeling”). Other causes to be con-
sidered in this patient include hypertrophic cardiomy-
opathy, congenital long-QT syndrome, and seizure,
although the normal ECG and echo excude the first
two options and the history does not suggest seiz-
ure activity. The best test to confirm the diagnosis of

Answers

vasovagal syncope is a tilt table test. In this setting it
is 70-75% sensitive. Electrophysiological study (EPS) is
not indicated in syncope patients without structural
heart disease, because the test is neither sensitive nor
specific. Head CT is usually unhelpful in the evaluation
of syncope unless the patient has neurological signs or
symptoms. Holter monitor is useful if bradyarrhyth.
mias and tachyarrhythmias are suspected, This patient’s
history is not suggestive of carotid sinus hypersensitiv-
ity syndrome, and, thus, carotid sinus massage is not
indicated.

3. d

Recognize the presentation of viral myocarditis. The
typical patient with acute myocarditis is an otherwise
healthy, young adult. Although the clinical presenta-
tion varies widely, symptomatic patients usually present
with heart failure of recent onset. Other presenting
symptoms include palpitations, chest pain, syncope, and
sudden cardiac death. Patients may recall a preceding
viral syndrome, Echocardiography typically demonstrates
ventricular systolic dysfunction that may be either global
or regional. Acute myocarditis can mimic acute myocar-
dial infarction {chest pain, ST-T wave changes, myocardiat
enzyme elevation, and regional wall motion abnarmal-
ities on echocardiogram). A careful history must be
obtained to distinguish between the two entities.
Pericarditis usually presents with chest pain and diffuse

241
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5T segment elevation, but does not cause heart
failure. Neither pericarditis nor hypertrophic cardio-
myopathy -are associated with an elevation in crea-
tine kinase-MB fraction (CK-MB). Pulmonary emboli
rarefy result in left heart failure or significant CK-MB
elevation.

4 e

Determine the appropriate stress test modality, and rec-
ognize the indications for adding an imaging modality to
a stress test. In general, if a patient can exercise, an ex-
ercise test should be performed. If the patdent can’t
exercise, pharmacological stress testing is required
(adenosine, dipyridamole, dobutamine). If an exercise test
is performed and there are no significant ST abnormali-
ties on the resting £ECG, then ECG monitoring alone is
usually adequate for the detection of ischermia. However,
if there are abnormal ST segments on the resting ECG
(e.g., left bundle branch block, left ventricular hypertro-
phy with a “strain’” pattern, digoxin effect, persistent ST
depression, paced rhythm}, the ECG is not adequate to
identify ischemia and an imaging modality is necessary.
The use of echocardiographic or nuclear imaging im-
proves the sensitivity and specificity of the test in this
setting. If pharmacological stress is performed an imaging
modality is always required.

5 e

Recognize indications for surgical repair of abdominal
aneurysms. The indications for surgical repair of abdom-
inal aneurysms include: diameter >5.5 cm; rate of growth
>0.5¢m in 6 months; symptoms; and thrombotic or
embolic complications. Randomized trials have compared
surgery to watchful waiting in patients with asympto-
matic aneurysms of <5.5cm and have not found a sur-
vival benefit with early surgery Small, asymptomatic
aneurysms may be managed medically with aggressive
blocd pressure control and beta-blocker therapy. Beta-
blodkers decrease shear swress in the aorta and may
decrease the rate of aneurysm expansion and risk of
rupture. In patients managed medically, serial imaging is
required to assess for aneurysm expansion. Patients with
coexisting CAD may need to underge coronary revas-
cularization pricr to aneurysm repair.
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6. b
7. h
8. f

Anginal chest pain is usually a mid-sternal or left-sided
discomfort that comes on with éxertion and is relieved
with rest. Stable angina oceurs at 4 reproducible level of
exertion. Unstable angina s that which occurs at rest,
with increased frequency. or with less exertion. The pain
of myocardial infarction is similar to angina but is more
severe and prolonged. An aortic dissection usually causes
severe, sharp, sometimes tearing pain that radiates to the
back. It may be associated with pulse discrepancies owing
to impairment of blood flow in branch vessels. Peri-
cardial pain is usually pleuritic, positional, and may be
associated with a friction rub. Pericarditis is often pre-
ceded by a viral illness. Pain from a pulmonary embol-
ism or pneumothorax may mimic angina but is usually
pleuritic and associated with dyspnea. Chest pain from
coronary spasm tends to oceur at rest, with variable
relationship to exertion,

9. a

Recognize the presentation of an acute aortic dissection.
Most patients with acute aortic dissection present with
the abrupt onset of severe pain that is localized 1o the
chest or back and described as sharp, ripping, or tearing.
The pain often radiates to the neck, jaw, flanks, or legs.
Hypertension is the most common finding in patients
with descending aortic dissections, whereas those with
ascending aortic dissections frequently present with
hypotension. Other physical findings may indude:
pulse deficits; asymmetric extremity blood pressures
{>30mm Hg); short decrescendo diastolic murmur (due
to acute acrtic insufficiency); left pleural effusion (hemo-
thorax); paraparesis or paraplegia; neurclogic deficits
consistent with cerebrovascular accident; abdominal pain
{mesenteric ischemia); flank pain (renal infarction);
acute lower extremity ischemia; cardiac tamponade
{rupture into pericardial space}; and Horner’s syndrome
{compression of supericr cervical sympathetic ganglion).

10. a

Know the initial medical management of a descending
aortic dissection. In general, descending aortic dissec-
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tions can be managed conservatively unless they are
complicated by acute end-organ ischemia or aneurysm
rupture, whereas ascending aortic dissections require
emergent surgical therapy. Initial medical management is
aimed at promptly lowering blood pressure and decreas-
ing left ventricular contractility (dP/dT). Intravenous
beta-blockers are the treatment of choice; nitroprusside
may also be required. Heparin and thrombolytic therapy
are absolutely contraindicated in this setting. Intravenous
fluids and analgesia may be required but do not wreat the
underlying problem.

1. d

Diagnose and manage thromboangiitis obliterans. Throm-
boangiitis obliterans (TAQ), also known as Buerger’s
disease, is a vasculitis of the small and medium-sized
arteries and veins of the upper and lower extremities.
Cerebral, visceral and coronary vessels may also be
involved. Young, male smokers (<45 years of age) are
most commonly affected. Patients with TAO frequently
present with the triad of claudication, Raynaud’s phe-
nomenecn, and migratory superficial thrombophlebitis.
Physical examination typically reveals reduced or absent
distal pulses, trophic nail changes, digital ulcerations, and
digital gangrene. The eticlogy of TAO is unknown but
there appears to be a definite relationship to cigarette
smoking and an increased incidence of HLA-B5 and HLA-
A9 antigens in patients with the disease. No specific
therapy exists for TAO. Smoking cessation appears mod-
erately effective at halting disease progression. Surgical
reconstruction is of limited applicability due to the distal
nature of the disease. In severe cases, amputation may be
required.

12. c

Recognize the presentation and treatment of pericardial
tamponade. This patient has mild hypotension, muffled
heart sounds, and elevated JVP {Beck’s triad). Addition-
ally, there is marked respiratory variation in her pulse
volume and systalic blood pressure {pulsus paradoxus),
and findings consistent with right heart failure. These fea-
tures are all characteristic of pericardial tamponade, a
diagnosis that can be confirmed with an echocardiogram.
Emergent pericardiocentesis is the treatment of choice.

The systolic pressure normally may fall by as much as 10
mmHg during inspiration. An exaggerated pulsus para-
doxus may also be seen in constrictive pericarditis, or
severe airway obstruction. Choices a, b, ¢, and e are the
treatments for heart failure, chronic obstructive pul-
monary disease (COPD) exacerbation, acute cardiac
ischemia, and pneumonia, respectively.

13. ¢

Recognize the features of subacute bacterial endocardi-
tis. This patient’s physical examination demonstrates
peripheral manifestations of endocarditis, induding digital
clubbing and Janeway lesions. Other lesions that may be
seen include splinter hemorrhages, Roth spots, and
Osler’s nodes. The most common predisposing factors
for SBE are structural heart diseases, including mitral
valve prolapse. His mid-systolic dlick and apical murmur
are indicative of this disorder. Although pneumonia, peri-
carditis, and viral syndromes may cause febrile illnesses,
they are not associated with the peripheral findings
noted here. Although a ventricular septal defect or
patent ductus arteriosus may predispose to SBE, they are
not associated with the murmur of mitral valve prolapse.
SBE should always be considered in patients presenting
with a fever of unknown origin.

14. ¢

Recognize the clinical features and risk factors for
venous thromboembolic disease. The increase in this
patient’s edema likely results from a deep venous throm-
bosis. Although worsening of her heart failure must also
be considered, the asymmaetric nature of the edema and
the clinical scenario are much more consistent with a
DVT. The diagnosis can be confirmed with a bedside
lower extremity ultrasound. A number of acquired con-
ditions are associated with venous thromboembolic
disease. These conditions result in stasis of blood, vas-
cular injury, and/or hypercoagulability, and include immo-
bilization (stroke, spinal cord injury, prolonged travel);
obesity; pregnancy; advanced age; heart failure; trauma;
surgery; indwelling vascular catheters; prior deep venous
thrombosis; malignancy; oral contraceptives; smoking;
and, nephrotic syndrome. Additionally, hereditary hyper-
coagulable states may contribute (e.g., Factor V Leiden
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mutation, activated protein C resistance, protein C
deficiency, protein S deficiency, antithrombin lil defi-
ciency, hyperhomocyst{e)inemia, antiphosphelipid anti-
body syndrome).

I5. d

Recognize the signs and symptoms of severe aortic
stenosis (AS). This patient experienced the common
symptoms of significant aortic stenosis including syn-
cope, angina, and dyspnea on exertion (possible con-
gestive heart failure [CHF]). In addition, his examination
is consistent with severe to critical AS with a late peaking
systalic ejection murmur and pulsus parvus et tardus.
As AS becomes more severe, the second heart sound
becomes faint, and may altogether disappear. Although
the other choices are possible causes of syncope in this
man, this clinical presentation is classic for syncope re-
sulting from significant AS.

16. ¢

Recognize the indications for permanent pacemaker
implantation. This patient has symptomatic bradycardia,
likely a result of a tachy-brady syndrome. She is on no
medications that could induce the bradycardia, and her
conduction system disease is irreversible; thus, she has a
clear indication for pacemaker implantation. Holter mon-
itoring is not indicated, as the resting ECG is diagnostic.
ICDs are reserved for those with life-threatening ven-
tricular tachyarrhythmias. Simple reassurance without
further therapy is inappropriate, as the patient is at risk
for progressive bradycardia and syncope without pace-
maker therapy.

17. <

Understand the treatment of patients who have survived
a cardiac arrest. One of the approved indications for
ICDs is for the treatment of survivors of sudden cardiac
death. Other indications include for the management
of patients with a history of myocardial infarction,
depressed LV function, and non-sustained VT, who are
inducible to sustained VT during EP study. Holter moni-
toring and EP study in sudden cardiac death survivors is
unnecessary, as the possibility of recurrent cardiac arrest
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is sufficiently high to warrant empiric implantation of
an ICD. Exercise stress testing will likely be unhelpful,
because angiography did not reveal significant coro-
nary artery stenoses. The patient has no conduction
disease described that would necessitate implantation of
a pacemaker.

18. b

Recognize the symptoms and signs of pericarditis. Peri-
carditis classically causes sharp, pleuritic chest pain, and
may be associated with a sensation of dyspnea.The pres-
ence of a pericardial friction rub is pathognomonic for
pericarditis. This rub is often confused with a murmur,
but is difficufc to characterize because it oceurs in both
systole and diastole and may have one to three compo-
nents. The ECG demonstrates the classic findings of PR
segment depression and diffuse ST segment elevation, In
this particular case, the pericarditis may be related to her
SLE, or may be post-viral in etiology. Although an acute
myocardial infarction may be associated with pericardial
irritation, the clinical history and ECG are much more
consistent with pericarditis. Mitral stenosis frequently
causes exertional chest pain and dyspnea, but it is not
pleuritic. Pneumonia can cause pleuritic chest pain, but is
not associated with a pericardial friction rub or ECG
changes. A pulmonary embolism is a distinct possibility;
however, the ECG abnormalicy is essentially diagnostic of
pericarditis.

19. d

Diagnose pulmonary embolism (PE). The most common
presenting symptom of PE is sudden dyspnea, which
occurs in approximately 80% of patients. Additional
symptoms include pleuritic chest pain, cough, hemopty-
sis, and syncope. Physical examination of patients with PE
may be normal but often demonstrates signs of pul-
monary hypertension or right heart failure including
tachypnea, tachycardia, elevated JVF, tricuspid regurgita-
tion murmur, accentuated pulmonic component of §;
{P2}. and a right ventricular heave, A pulmonary rub rmay
be heard over the involved area of lung when pulmonary
infarction has occurred. The normal chest x-ray essen-
tially excludes pneumonia or pneumothorax as the
cause, and the absence of ECG changes makes peri-
carditis very unlikely. Pleurisy is a frequent cause of pleu-
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ritic chest pain but is not associated with acute short-
ness of breath or signs of right heart failure.

20. e

Recognize the appropriate test to confirm the diagno-
sis of PE. Ventilaton/perfusion (V/Q) lung scan remains
the most frequently employed diagnostic test for PE.
Although V/Q scans may yield inconclusive results,
normal and near-normal tests virtually exclude the diag-
nosis of PE, while a high-probability test confirms the
diagnosis. Arterial blood gas analysis in a patient with a
PE typically demonstrates respiratory alkalosis, hypo-
capnea, and hypoxemia, but is of low specificity. Echo-
cardiography is an insensitive means of diagnosing PE;
however, it provides a rapid assessment of right ventricu-
far function in patients with an established diagnosis of
PE. Venous ultrasonography for the detection of deep
venous thrombaosis (DVT) may be helpful in patients with
intermediate clinical probability and indeterminant V/Q
scan results, or clinical signs suggestive of DVT. Although
venous ultrasonography has high sensitivity (90—100%)
and specificity (90-100%) for the detection of DVT, a
negative result does not exclude the diagnosis of PE; up
to 50% of patients with PE may have no sonographic evi-
dence of DVT.

21, ¢

Understand the management of decompensated heart
failure based on hemodynamic measurements. This
patient is volume-overloaded with high left and right
heart filling pressure, low cardiac output, and high sys-
temic vascular resistance (SVR), but has an adequate sys-
temic blood pressure, He clearly requires diuresis;
however, his markedly reduced cardiac output and ele-
vated SVR are the predominant hemodynamic abnor-
malities. He requires inotropic support (dobutamine) as
well as afterload reduction (nitroprusside). Although
beta-blockers have favorable effects on chronic heart
failure, they are contraindicated in decompensated heart
failure. This patient’s blood pressure is adequate, and,
therefore, he does not need a vasopressor (dopamine).
Bigoxin is a very weak inotrope and is unlikely to be of
any value in acute heart failure. An intra-aortic balloon
pump would likely improve this patient significantly:
however, it should be considered only after aggressive
medical therapy has failed.
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22. b

Recognize restrictive cardiomyopathy. The clinical pre-
sentation of restrictive cardiomyopathy is similar to
that of severe constrictive pericarditis with exertional
dyspnea and signs of biventricular heart fallure. Addi-
tional symptoms may include orthoprnea, paroxysmal
nocturnal dyspnea, anorexia, and fatigue. Physical exami-
nation frequently reveals signs of right and left venous
congestion, Kussmauls sign (a paradoxical rise in JVP
with inspiration) may be present. Echocardiography
typically reveals thickened ventricles with relatively
preserved systolic function. With idiopathic dilated
cardiomyopathy, the heart is dilated and the systolic func-
tion is usually moderately to severely depressed. With
constrictive pericarditis, the left ventricle is usually small,
non-thickened, and hyperdynamic. Pericardial tamponade
is rarely the result of a small pericardial effusion and is
not associated with Kussmaul’s sign. Migh-output failure
is usually associated with hyperdynamic ventricular func-
tion and is not associated with biventricular thickening,

23, ¢

Recognize the features of pulmonary hypertension, This
patient’s physical findings of an RV heave, loud second
heart sound, tricuspid regurgitant murmur, and elevated
JVE all suggest elevated pulmonary arterial and right
heart pressures. The chest x-ray demonstrates right ven-
tricular enlargement and pulmonary vascular changes
consistent with pulmonary hypertension. Coronary
artery disease would be distinctly unusual in a 34-year-
old woman, especially in the absence of rigsk factors, chest
pain, or ECG abnormalities. Right heart failure from
asthma would be unlikely in the absence of a long history
of severe bronchospastic disease. Anemia may cause
dyspnea but does not produce the physical findings of
pulmonary hypertension and right heart failure. Chronic
pulmonary emboli may result in pulmonary hypertension
and the findings noted in this padent An acute pul-
monary embolism would be unlikely given the several
month history of dyspnea.

24. b

Understand the treatment of primary pulmonary hyper-
tension (FPH). PPH is an incurable disease with a rela-
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tively poor prognosis. Vasodilators are the mainstay of
treatment, although not all patients exhibit a signifi-
cant treatment response. The oral vasodilators of
choice include nifedipine and diftiazem in doses of
120--240mg/day and 540-900 mg/day, respectively. In pa-
tients who have an inadequate response to these agents,
a continuous infusion of epoprostencl, a vasodilating
prostaglandin, may be beneficial. Epoprostanol acts by
increasing intracellular levels of cyclic AMF, and produces
both acute and sustained hemodynamic improvement,
symptomatic improvement, and prolonged survival in
patients with PPH. It may be used either as primary treat-
ment or as a bridge to lung transplant. Single lung and
combined heart-lung transplantation remains the only
definitive therapy for PPH, and is used for patients who
fail vasodilator therapy. One-year survival following lung
transplantation approaches 65-70%. Beta-blockers and
angiotensin-converting enzyme inhibitors do not have a
role in the treatment of PPH.

25 ¢

Recognize and manage hypertensive emergency. This
patient has marked hypertension with concomitant
symptomsftarget organ damage (acute pulmonary
edema) and requires immediate blood pressure reduc-
tion. Although oxygen and diuresis are clearly necessary,
they are not adequate, and intravenous antihypertensive
agents such as sodium nitroprusside, nitroglycerin, or
enalaprilat, should be administered expeditiously. The
initial goal should be a 25% reduction in mean arterial
pressure within the first two hours. Further reduction in
blood pressure should proceed more slowly as rapid
reductions in blood pressure can lead 1 end organ
hypoperfusion. Sublingual nitroglycerin is not an effective
-method of controlling blood pressure and most oral
agents are not absorbed fast enough to produce the
desired effect in a short period of time. Beta-blockers
should be used with caution in patients with decom-
pensated heart failure.

26. c
27. a
- 28. g

The 3é-year-old woman has the classic findings of mitral
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stenosis with a loud P, (from pulmonary hypertension),
an opening snap in early diastole, and a diastolic rumble.
Tachycardia and dyspnea are commonly seen with MS
and her palpitations likely reflect paroxysmal atrial fib-
riflation. The 73-year-old man has severe aortic stenosis
as evidenced by the late-peaking systolic murmur that
radiates to the carotids, and the soft §,. Diminished
carotid upstrokes might also have been present. His
symptoms of chest pain, dyspnea, and syncope are the
cardinal symptoms of AS. The 40-year-old man has hyper-
trophic cardiomyopathy. This mormur may mimic AS but
does not radiate to the carotids andfor result in dimin-
ished carotid upstrokes. Additionally, the murmur of
hypertrophic cardiomyopathy (HCM) is the only murmur
that increases with Valsalva. The murmur of aortic insuf-
ficiency {Al) is a decrescendo diastolic murmur at the
left sternal border. Mitral regurgitation produces a
holosystolic murmur at the cardiac apex that radiates to
the axilla. An ASD resuits in a systolic flow murmur at
the upper sternal border {owing to increased flow across
the pulmonary valve) and a fixed split 5,.A patent ductus
arteriosus produces a continuous (systolic and diastolic)
“machine-like” murmur at the left upper sternal border
that radiates 1o the back.

29. e

Know the appropriate tests for the evaluation of endo-
carditis and recognize the significance of specific
causative organisms. Patients with S. bovis endocarditis
frequently have colonic neoplasms and should be
screened with colonoscopy. CT of the chest may be
useful to evaluate for lung abscess in a patient with right-
sided SBE and abnormal chest x-ray, but is unlikely to be
of value in this patient. Although SBE may be associated
with cerebral abscesses and intracranial aneurysms,
routine scans are not indicated in the absence of CNS
symptoms. Cardiac catheterization would be indicated
only in the event of a complication requiring cardiac
surgery (i.e., progressive valvular disease).

30. a

The course of events suggests that antibiotics have failed
to eradicate the infection and progressive valvular dys-
function has occurred that resulted in heart failure.
Acute valvular dysfunction is almost always regurgitant.
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The only answer that is consistent with a regurgitant
lesion is the apical holosystolic murmur of MR, The
crescendo-decrescendo murmur is indicative of a flow
murmur. The weak and delayed carotids are indicative
of aortic stenosis. A mid-diastolic murmur and an open-
ing snap are features of mitral stenosis, while the 3-
component rub indicates pericarditis.

3. b

Recognize the ECG of a patient with an acute ST eleva-
tion MI. This ECG demcenstrates 2-3mm of ST segment
elevation in leads V,—V.. This is consistent with an acute
infarction of the anterior wall of the left ventricle, This
most likely resuited from an acute thrombortic occlusion
of the left anterior descending coronary artery. The
presence of Q waves in V~V; suggests that the infarct
has been evolving for more than a few hours. Although
pericarditis is also associated with chest pain and ST ele-
vation on ECG, the ST elevation is usually diffuse and is
concave upward in morphology. Additionally, PR segment
depression is frequently seen with pericarditis but is not
present on this ECG. Unstable angina is associated with
ST segment depression on ECG, not ST segment eleva-
tion. A left bundle branch block can produce ST segment
elevation in the anterior precordial leads; however, it is
always associated with a wide QRS complex (not present
here). Pulmonary emboli can be associated with a variety
of ECG changes, most commonly tachycardia and signs
of right heart strain {right bundle branch block, T wave
inversions in the inferior and anterior leads, S1Q3T3
pattern), but rarely cause regional ST elevation.

3. a

Know the acute pharmacoclogical management of an
acute myocardial infarction. Immediate therapy should
include aspirin and supplemental oxygen. Morphine
sulfate can help reduce the sympathetic outflow during
an acute Mi and is the analgesic of choice. Beta-blockers
should be given to reduce the heart rate, providing
the BP is >%0mmHg and the patient is not in heart
failure. The reduction in HR reduces myocardial
oxygen demand, and may limit ischemia/infarction. Anti-
coagulation with either unfractionated heparin or low-
molecular-weight heparin should be initiated as soon as
possible if there are no contraindications. Calcium
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channel blockers are not routinely indicated in the
setting of an AMI although they may be useful for heart
rate control for patients who have contraindications
to beta-blockers (e.g., severe bronchospasm or beta-
blocker allergy). Nitrates would be reasonable for
symptom control in this patient; however, diuretics are
not indicated given the lack of congestion and the rela-
tively low blood pressure. NSAIDs are the treatment of
choice for pericarditis but are contraindicated in an AMI.

33. d

Recognize the different reperfusion strategies for acute
Ml. Reperfusion therapy is indicated for acute ST
elevation MI (STEMI) presenting within 6 hours of onset
of symptoms. Thrombolytic therapy and primary angio-
plasty are considered equivalent strategies in STEMI, pro-
vided that angioplasty can be done in a timely manner
(<90 minutes after presentation). Primary angioplasty is
associated with a lower incidence of intracranial hemar-
rhage as well as a trend toward a lower mortality. Unfor-
tunately, it is not readily available in many community
hospitals. Thrombolytic therapy would usually be the pre-
ferred strategy in this setting; however, it is contraindi-
cated in this patient because of her recent CVA. Thus,
immediate transfer to a facility that has angioplasty capa-
bility is indicated. Although aortic dissections and pul-
monary emboli may result in chest pain, the history is
more consistent with myocardial ischemia and the ECG
findings are diagnostic of an acute STEML. Further diag-
nostic testing to exclude aortic dissection or pulmonary
embolism would only delay the time to myocardial reper-
fusion, Liberal use of anaigesia is an important adjunctive
therapy for acute MI; however, the primary goal is to
salvage the ischemic myocardium by reestablishing blood
flow to the occluded coronary artery.

34. ¢

Recognize the features and treatment of cardiac tam-
ponade. This patient exhibits the classic signs of cardiac
tamponade including hypotensian, elevated JVP and faint
heart sounds (Beck’s triad). She would also likely have
exaggerated respiratory variation of her systolic blood
pressure (pulsus paradexus). Patients with tamponade
may rapidly deteriorate unless an emergent pericardio-
centesis is performed, Cardiac tamponade may be con-
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firmed with echocardiography; however, it is a clinical
diagnosis that requires emergent therapy. Although she
has a small pleural effusion, it is not the cause of her
deterioration, and, thus, thoracentesis would not be
helpful. Cardiac catheterization is not indicated in this
setting. |t is noteworthy that the cause of tamponade in
this woman is likely recurrent lung cancer. The most
common tumors that metastasize to the pericardium are
lung, breast, lymphoma, and melanoma.

35. b

Recognize the difference between an acute coronary
syndrome and chronic stable angina. This patient presents
with classic crescendo exertional angina of recent onset,
followed by a prolonged episode of rest angina (>20
minutes}. The accelerating nature of his anginal pattern
as well as rest angina are characteristic of unstable
angina. His electrocardiogram does not demonstrate ST
segment abnormalites, and, therefore, is not consistent
with an ST-elevation Ml or pericarditis. Although he had
a relatively prolonged episode of rest angina, and may
subsequently “rule-in” for a non-ST-elevation Mi by serial
assessment of cardiac markers (CK-MB or troponin), the
ECG itself does not suggest an acute Ml.The presenta-
tion of an acute pulmenary embolism is usually that of
sudden, sharp, pleuritic, chest pain that is associated with
dyspnea.

36. ¢

Know the appropriate management of unstable angina.
Aspirin, beta-blockers, and anticoagulation with heparin
or iow-molecular-weight heparin are all indicated and
recommended in the initial management of unstable
angina. Patients with unstable angina, especially those
having had a prolonged episode, require admission to the
hospital for telemetry monitering and for serial mea-
surement of CK-MB and troponin levels, Patients who
subsequently develop elevated cardiac enzymes are at a
higher risk of recurrent events and have a worse long-
term prognosis. Mon-emergent cardiac catheterization is
often performed in this setting. Emergent cardiac
catheterization in unstable angina is only indicated when
angina is refractory to medical therapy or when hemo-
dynamic instability is present. Thrombolysis is not indi-
cated for the treatment of unstable angina or non-ST
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efevation Ml; in this setting, it is associated with an
increased mortality. Exercise stress testing is contraindi-
cated in patients with active unstable angina, but may be
performed once the patient is stabilized. Transthoracic
echocardiogram can identify regional wall motion abnor-
malities if active ischemia or prior Ml is present, but does
not add significant diagnostic information in this case as
the patient is currently pain-free,

37. b

Recognize the high-risk features of unstable angina, and
bow the presence of these features afters the manage-
ment, The ECG demonstrates |1-2mm of ST segment
depression in leads ViV, 1, i, and aVE This patient’s
prolonged rest angina, and persistent ST-segment depres-
sion after resolution of his chest pain place him in a
higher risk category. Other high-risk features include
congestive heart fallure, hemedynamic instability, and
positive CK-MB or troponin. Patients with high-risk fea-
tures should receive GpliB-IHA inhibitors and proceed
to urgent cardiac catheterization, while intermediate- o
low-risk patients may undergo further risk stratification
with stress testing to determine their need for catheter-
ization and revascularization. Intravenous nitroglycerin
may be effective in preventing further ischemic episcdes,
but it is not a definitive treatment. NSAIDs or throm-
bolytic therapy are not indicated for the treatment of
unstable angina.

38. d

Recognize the indications for coronary artery bypass
grafting (CABG) in patients with coromary artery
disease. This patient’s angina was easily provoked on
stress testing despite multiple anti-ischemic medications,
suggesting that his current medical regimen is inadequate
for the control of his ischemia. Additionally, his heart rate
and blood pressure at rest are well controlled and
unlikely to allow further up-titration of his medications
without inducing bradycardia or hypotension. He has,
thus, failed medical management and will require revas-
cularization, Both percutaneous and surgical revascufar-
ization are effective in the treatment of CAD. However,
patients with left main CAD, triple-vessel CAD, and
double-vessel CAD with high grade stenosis of the left
anterior descending coronary artery stenosis experience
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long-term mortality benefit from CABG when compared
with multivessel PTCA or medical therapy, This is espe-
cially true for diabetic patients and patients who have
depressed left ventricular systolic function. Transmyo-
cardial laser revascularization (TMR) is only reserved
for patients with refractory angina who are not CABG
candidates (usually due to poor target vessels).

39. a
40. d

Know the presentation of RV infarction. RV infarction is
most commonly associated with inferior wall ML This
patient presents with an acute inferior wall Ml and signs
of RV infarction, including hypotension {commonly after
nieroglycerin administration owing to RV preload reduc-
tion), and elevated JVP with clear lungs. RV infarction
should be suspected and excluded in all patients with
acute inferior wall ML A 12-lead ECG with right-sided
precordial leads should be performed. ST-elevation of
>0.5mm in Vg is diagnostic of RV infarction. Pulmonary
embolism can present similarly with chest pain, hypoten-
sion, and elevated |VP; however, ECG would not demon-
strate ST-elevation characteristic of acute MI. Aortic
dissection characteristically presents with sharp chest
pain radiating to the back. Cardiac tamponade may com-
plicate the course of an acute Ml when free wall rupture
is present, although its presentation tends to be more
dramatic. If an ECG with right-sided precordial leads is
not diagnostic and tamponade remains high on the dif-
ferential diagnosis, a quick bedside echocardiogram can
be performed. Papillary muscle rupture complicating
acute Ml usually presents with dyspnea, pulmonary
edema, and a loud holosystolic miwral regurgitation
mMurmur.

4. ¢

Recognize the symptoms and signs of constrictive peri-
carditis. Constrictive pericarditis results from thicken-
ing of the pericardium and inability of the ventricles to
completely expand in diastole. Thus, cardiac output is re-
duced and right heart pressures are significantly elevated.
The paradoxical rise in JVP with inspiration is known as
Kussmaul’s sign and is commonly seen in patients
with constrictive pericarditis. The “prominent” venous
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pulsations are to the result of rapid x- and y-descents
that are characteristic of this disease. Right heart failure
and hepatic congestion are common findings in these
patients. Tuberculosis is 2 common cause of this syn-
drome and is the likely cause in this patient. The clinical
presentation is not that of acute pericarditis, and,
although some of the features could also be seen with
pericardial tamponade, the pericardial calcification makes
constrictive disease much more likely. Although a peri-
cardial knock may be confused with an opening snap, the
absence of a diastolic rumble makes MS unlikely.

42. e

Identify the test of choice by which to diagnose con-
strictive pericarditis. Cardiac catheterization allows for
direct measurernent of the ventricular pressures, and, in
the presence of constrictive pericarditis, will demon-
strate equalization of the LV and RV diastolic pressures
with a dip-and-plateau pattern. Chest CT scan may
be the best study by which o visualize the thickened
pericardium, but this finding alone is not diagnostic
of constrictive pericarditis without the hemodynamic
confirmation, Echocardiography may demonstrate socme
typical findings associated with constriction, but it is also
not diagnostic. Bronchoscopy may reveal tuberculo-
sis but it does not prove the patient has constrictive

physiology.

43. d

Identify AVNRT on ECG and recognize the treatment
options. Her ECG demonstrates AVNRT. This is an SYT
(narrow complex tachycardia) caused by a microreen-
trant circuit within the AV node. The atria and ventricles
are often simultaneously activated and P-waves are not
usually obvious on the ECG (retrograde P waves are
seen after the QRS complex in lead {l and aVF on this
patients ECG). However; a “pseudo-R” may be noted in
lead VI that is actually a P-wave superimposed on the
terminal portion of the QRS complex. The tachycardia is
dependent on the AV node for its perpetuation; there-
fore, any therapy that slows or blocks AV nodal conduc-
tion (e.g, calcium channel blockers, beta-blockers,
adenosine, carotid sinus massage) may terminate or
reduce the rate of this tachycardia. Of the listed med-
ications, only diltiazem has effects on the AV node.
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Although synchronized electrical cardioversion is very
effective at terminating this arrhythmia, it is generally
reserved for hemodynamically unstable patients or pa-
tients that fail pharmacological therapy,

44. b

Recognize the signs and symptoms of an ASD. Atrial
septal defects are common congenital abnormalities in
aduls. In childhood, the only manifestation may be a
murmur. i the ASD is large and left uncorrected, it can
result in progressive right heart enlargement, pulmanary
hypertension, and eventually right heart failure. As the
right heart pressures rise, right-to-left shuniting of deoxy-
genated blood may occur and cyanosis may develop
(Eisenmenger’s syndrome). The physical findings of a sys-
tolic ejection murmur and fixed split S, are characteris-
tic of an ASD), especially in the presence of an incamplete
right bundle branch block on ECG.The right ventricular
heave (prominent left parasternal impulse) and loud P,
suggest assoclated pulmonary hypertension, and the ele-
vated JVP and hepatomegaly suggest thae this patient also
has right heart failure. Although a VSD may produce a
fixed spiit S, the associated murmur is usually jouder,
holosystalic, and may have an associated thrill, whereas
the murmur of an aortic coarctation is usually localized
to the interscapular region, may be both systolic and
diastolic, and is not associated with a split S, or right
heart failure. Primary pulmonary hypertension may resuit
in right heart failure, but is not associated with a fixed
split S,

45, a

Identify the most appropriate injtal test to confirm the
presence of an ASD. Echocardicgram is an excellent
method to detect an ASD. it is easily performed and non-
invasive, and can quantify the severity of the interacrial
shunt. Cardiac MRI can also identify an ASD, but is costly
and less easily accessible. Chest x-ray and ECG may be
suggestive, but are not diagnostic. Cardiac catheteriza-
tion is useful to assess the severity of the shunt after
initial diagnosis, and to assess concomitant CAD if sur-
gical correction is anticipated. Exercise stress testing is
not helpful for the diagnosis of an ASD.
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46. d

The patient has two of the major criteria for rheumatic
fever—migratory polyarthritis and evidence of carditis—
and has evidence of a recent streptococcal infection.
Other major criteria inchude chorea, erythema margina-
tum, and subcutaneous nodules. Rheumatic fever follows
streptococceal pharyngitis by several weeks, so blood cul-
tures are unlikely to be positive. However, a course of
penicillin should be administered to all patients with
rheumatic fever to eradicate all residual infection. The
risk of recurrent rheumatic fever is high in these patients
and they should receive prophylaxis against strepto-
coccal pharyngitis for at least 15 years. A micral mid-
diastolic murmur and an opening snap are features of
mitral stenosis, which develops years to decades after
rhbeumatic fever. The polyarthritis of rheumatic fever
is non-erosive, and is not associated with fong-term
deformity.

47. d

Recognize the major risk factors for CAD, goal DL
levels, and need for therapeutic lifestyles changes (TLC)
as well as drug therapy. According to the Adult Treat-
ment Panel (ATP) Hi guidelines for cholesterol manage-
ment, this patient has 2 major risk factors, namely
cigarette smoking and age =55 years. The LDL goal for
this patient is <130mg/dL. Initial recommendations
should include smoking cessation and TLC (including the
TLC diet, weight management, and increased physical
activity). If the goal LDL can not be achieved with these
interventions after 3 menths, drug therapy should then
be considered.

48. c
49. e

Recognize the presentation and management of papiltary
muscle rupture complicating an acute ML Papillary
musdle rupture in acute Ml is rare, but classically occurs
3-5 days after the initial infarcdon (earlier following
thrombolysis). Its presentation is usually very dramatic,
with the development of acute pulmonary edema result-
ing from acute severe mitral regurgitation. The holosys-
tolic murmur at the LV apex is characteristic of MR. It
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but can sometirmes be difficult to distinguish this murmur
from that of a ventricular septal “defect, although the
latter is usually more central and not assotiated with pul-
monary edema. Ventricular free wall rupture is usually
heralded by cardiac tamponade or sudden cardiac death,
and is not associated with a new murmur or pulmonary
edema. The diagnosis can easily be confirmed by echo-
cardiography. Treatment of papillary muscle rupture is
surgical; IABP placement preceding surgery is usually
necessary to maintain hemodynamic stability.

50. b

Know the importance of risk factor modification in sec-
ondary prevention of CAD. This is a patient with mutti-
ple cardiac risk factors including diabetes mellitus (DM),
hypertension, and hypercholesterolemia, all of which are
modifiable. Patients with known CAD or DM should
have a target LDL of <100mg/dl. HMG-CoA reductase
inhibitors are considered I line therapy for LDL reduc-
tion in these patients. Tighter blood glucose control can
also be achieved in this patient, although its cardiovas-
cular benefit is not as well established as that of statins.
Her blood pressure is well controlled and there is no
need for any adjustment of her anti-hypertensive
regimen at this point. Clopidogrel is a platelet inhibitor
similar to aspirin, but with a different mechanism of
action. It is equivalent to aspirin in reducing mortality in
CAD. However, it is unclear if it offers any additional
benefit when it is added to aspirin in patients with stable
CAD (recent data suggests that addition of clopidogrel
to aspirin in unstable angina and NSTEMI reduces rein-
farction rate and mortality).

< CRAH ¥ RexaRO-ROHRERCHA: MYCAHI ST dooHT. py >

5I. e

Recognize the cardiovascular findings of normal preg-
nancy. Normal pregnancy leads to an increase in plasma
volume and cardiac output, and may result in elevated
JVP a hyperdynamic apical impulse, and systolic murmurs.
These benign murmurs are early peaking and non-
radiating, and are associated with normal heart sounds.
A cervical venous hum and a continuous murmur over
the breasts (mammary souffle) may also be present. The
expanded blood volume is normal and does not require
diuretic therapy. Chest x-ray Is relatively contraindicated
in pregnancy. Echocardiography is safe, but not necessary
in this setting. Because these murmurs are related
to increased flow and not due to abnormal valves, there
is no need for antibiotic prophylaxis.

52. d

Know the indications for pharmacological therapy and its
safety in pregnant hypertensive patients. This patient
meets the indication for anti-hypertensive drug therapy
with repeatedly elevated BP measurements. She is not
pre-eclamptic or eclamptic. Methyldopa has the best-
established safety record in pregnancy, and is recom-
mended as |"-line therapy. Hydralazine may also be used,
Beta-blockers may lead to fetal growth retardation,
ACE-inhibitors are associated with fetal death and renal
failure in newborns and are contraindicated in pre-
gnancy. There have also been reports of neonatal brady-
cardia, hyponatremia, and thrombocytopenia associated
with maternal hydrochlorothiazide use.
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12-lead electrocardiogram, 11, 12, 76,
120, 124, 125

A, 142

Abdominal aortic aneurysms, 184, 185

Abdominal bruits, 177

Abdominal pain, 138

ABT. See Acute bacterial endocarditis

ABIL See Ankle-brachial index

Accelerated idioventricular rhythm,
79

ACE mhibitors. See Angiotensin-
converting enzyme inhibitors

Acetylcholine, 54

ACS. See Acute coronary syndromes

Actinobacillus actinomyeeterncomitans,
151, 154

Action potential, 107, 108

Activities of daily living, 29

Acute arterial occlusion, 182

Acute bactenal endocardivis, 151

Acute cardiac ischemia, 113

Acute coronary syndromes, 67

Acute heart failure, 88

Acute ischemia, 88

Acute myocardial infarction, 56, 73,
75,77, 78, 98

Acute regional pericarditis, 164

Acute ventricular septal defect, 77

Adenocarcinomas, 196

Adenosine, 27, 112

Adencsine 5-diphosphate, 54

Adenovirus, 97, 99, 164

-ADLs. See Activities of daily living

ADP. Ser Adenosine 5'-diphosphate
Addiamycin, 91

Adults, treatment of cardiac shunts in,

208-210
Adult Trearment Panel 111, 60
Adventitia, 54
AF See Atrial fibrillation
African Americans, hypertension and,
175
Afterload, 83, 84, 85
Age, advanced, 113, 180, 154
Al. See Aortic insufficiency
Airway ohstruction, 7
Albuterol, 11
Alcohol use
dilated cardiomyopathy and, 99
heart failure and, 91
hyperlipidemia and, 59
hypertension and, 175, 176
Aldosterone, 89
Alpha-blockers, 178, 219
Alritude, pulmenary hypertension
and, 200

Alveolar-arterial oxygen gradient, 195,

197198
Ambulatory ECG monitoring, 41-42
AMI. See Acute myocardial infarction
Aminoglycoside, 154
Amiodarone, 116, 129
Amlodipine, 178
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Amoxicillin, 156
Amphetamines, 11
Amuarosis fugax, 193
Amyloidosis, 91, 102, 164
Anabolic steroids, 59
Anavorny
cardiac conduction system, 22
corenary, 53, 54
Anemia
angina and, 63
cardiac myxomas and, 225
dyspnea and, 7, 8
heart failure and, 91
infective endocarditis and, 152
palpitations and, 11
pulmonary hypertension and, 201
unstable angina and non-ST
elevation myocardial infarction
and, 67
Aneurysms
aortic, 46, 184-186, 188
pseudo, 77
true, 77
ventricular, 77
Angina, §
aortic insufficiency and, 143
aortic stenosis and, 141
atherosclerotic plaque and, 55-56
chronie stable, 73, 6266
coronary artery disease and, 3
dyspnea and, 7
mitral regurgitation and, 148

252
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post-myocardial infarction
management and, 74
Prinzmetal’s variant, 65
stable, 3
unstable, 3, 53, 56, 67-70
Angina pectoris, 62--63, 117
Angiography, §, 186
Angioplasty, 73
Angiosarcomas, 224, 225
Angiotensin-converting enzyme
inhihitors
to treat aortic nsufficicney, 144
to treat heart failure, 76
to treat hypertension, 178
to treat mitral regurgitation, 149
to treat post-myocardial infarction,
74
to treat systolic heart failure, 93, 95
to treat unstable angina and non-
ST elevation myocardial
infarction, 70
use in pregoancy, 219
Angiotensin receptor blocks, 93, 178
Ankle-hrachial index, 181
Anmdar dilation, 148
Anorexia, 151, 201
Anorexigenic drugs, 148
Anthracyclines, 97, 99
Antiarrythmic agents, 111
Antibiotics, 144, 153
Anticoagulants, 198
Antifungals, 128
Antihistamnines, 128
Antihypertensive agents, pregnancy
and, 219
Anti-inflamrmatory agents, 199
Antimicrohials, 128
Andplatelet agents, 63, 70, 72, 181,
194
Anti~streptolysin O uter, 164
Anuthrombotic agents, 72
Anxiety
chest pain and, 4, §
dyspnea and, 7
palpitations and, 11
pulmonary embolism and, 197
syncope and, 123
Aortic aneurysins, 46, 184-186, 188
Aortic balleon pump, 149
Aortic coarctation, 177
Aortic dissection, 186-191
aortic insufficiency and, 143
cardiac tamponade and, 166

chest pain and, 4, 5, 68
Aortic insufficiency, 13, 16, 143-144
Aortic regurgitation, 138
Aortic sclerosis, 16
Aortic stenosts, 141143
as cause of heart failure, 88
chest pain and, 4, 5
heart sounds and, 13, 14, 15
murmurs and, 16
pregnancy and, 218219
syncope and, 122, 123
Aortic valve, 150
Aortic valve disorders, 141-144
Aortitis, 161
Aortography, 39, 189
Aortoiliac reconstruction, 181
Aphasia, 193
ARBs. Ser Angiotensin receptor
blocks
L-Argining, 181
Arrhythmias, 21, 105-133
during acute myocardial infarction,
77,79
atrial, 101
bradyarthythmias, See
Bradyarthythmias
as cause of palpitadons, 10, 11
eongeniral cardiae shunts and, 208
diagnostic modalities, 29, 41-43
implantable
cardioverter/defibrillators, 101,
102, 103, 113, 131-133
pacemakers. See Pacernakers
stress testing and risk of, 26
sudden cardiac death, 127130,
188, 224
syncope. See Syncope
tachyarrhythmias, See
Tachyarrhythmias
Arrhythmogenesis, 107--110
mechanisms of bradyarrythinias,
108, 109-110
mechanisms of tachyarrythmias,
107-109
physiology of action potental, 107
Arrhythmogenic right ventricular
dysplasia, 111
Arterial blood gas analysis, 6, 197,
201
Arterial hruits, 60
Artenial bypass surgery, 182
Arterial emboli, 77
Arteriography, 183
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Arteriovenous fistulas, 16
Arthralgias, 138, 151
Arthritides, 138
Arthritis, 138, 139
Artificial heart, 96
AS. See Aortic stenosis
Aschoff hady, 137
Ascites, 17, 90, 169, 170, 201
ASD. See Atrial sepral defect
ASH. See Asymmetric septal
hypertrophy
Aspirin
te treat angina, 64
to treat carotid arterial disease,
194
to treat lone atrial fbrillacion, 114
to treat pericarditis, 77
to treat peripheral arterial disease,
181
to treat post-myocardial infarction,
74
infarction, 72
to treat unstable angina and non-
ST elevation myocardial
infarction, 70
Asthma
carciac, 17
dyspnea and, 7, 8
Asymmetric septal hypertrophy, 101
Atenolol, 178, 219
Atherosclerosis, 53
angina and, 62-63
aortic aneurysms and, 184, 185
carotid arterial disease and, 192
pathogenesis of, 55
peripheral arterial disease and, 180
risk factors for, 36, 92
unstable angina and non-5T
elevation myocardial infarction
and, 67
Atherosclerotic plaque, 55-56
Atherothrombosis, 53
Atrial arrhythmias, hypertrophic
cardiomyopathy and, 101
Atrial fibrillation, 10, 13, 109, 112,
113-114
acute muyocardial fnfarction and, 79
congenital cardiac shunts and, 208
dilated cardiomyopathy and, 99
heart sounds and, 15
to treat restrictive cardiomyopathy,
103
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Atrial fibrillation with aberrancy, 112

Arrial Buuter, 43, 79, 99, 109, 112,
114

Atrial flutrer with variable conduction
112

Atrial sepral defect, 15, 46, 207209,
218

Atrioventricular block, 79

Atrioventricular dissociation, 15, 116,
112

Amovenrricular nodal reentrane
tachycardia, 10, 109, 112-115

Atvrioventrieular node, 21, 22

Atrioventricular node blockade, 122

Atrioventricular node conduction
disorders, 119-120

Atrioventricular reentrant tachycardia,
43, 109, 112-115

Auropine, 79, 118, 121

Austin-Flint murnur, 144

Autografis, 157, 159

Autoimimune diseases, 97

Autoimmune pericarditis, 163

Automaticity, 108, 109, 128

Autoregulation, 53, 62

AV node. See Atrioventricular node

AVINRT. See Arrioventricular nodal
reentrant tachyveardia

AVRT. See Atrioventricular reentrant
tachycardia

2

Bacteremia, 150-151
Baker’s cyst, ruptured, 197
Ball-in-cage valve, 157, 158, 159
Balloon valvaloplasty, 39, 147
Barium swallow, 5, 6
Bariowella spp., 152
Basic fibroblast growth factor, 181
Bayes’ theorem, 30
Beck’s triad, 167
Behget’s discase, 191
Benign flow muwmr, 16
Benzathine penicillin, 139, 140
Benzodiazepines, 69, 139
Beri-beri, 91, 99
Beta-agonists, 111
Beta-blockers
bradycardia and, 118
effect on contractility, 84
hypedipidemia and, 59
to treat angina, 6364
to treat aortic anewrysms, 186

to treat aortie dissection, 189
to weat arrhythimias, 79
to treat diastolic heart failure, 96
to treat ectopic atrial tachycardia,
113
o treat heart failure, 76, 94, 95
to treat hypertension, 178
1o treat hypertrophic
cardiomyopathy, 101
to treat nitral stenosis, 146
to treat post-myocardial infarcrion,
74
to trear ST-elevation myocardial
mfarction, 72
to treat syneope, 125, 126
to treat tachyarrhythmias, 112
to treat unstable angina and non-
ST elevation myocardial
mfarction, 70
to treat variant angina, 65
use in pregnancy, 219
Bezold-Jarisch reflex, 41
Bicuspid aortic stenosis, 141
Bicuspid aortic valve, 15, 143, 150
Bicycle stress testing, 26
Bile acid sequestrants, 64, 61
Bileafler dlving disk, 157, 158
Bioprosthetic valves, 157
Bisferiens pulse, 13, 143
Biventricular heart faiture, 88
Bjork-Shiley valve, 157, 158, 159
Blalock-Taussig shuny, 213
Blood count, 9, 100, 177
Blood cultures, 138, 152, 156, 164,
188
Blood dyscrasias, 182
Blood pressure, 111112, 118, 176
Blunt trauma, cardiac injury resulting
from, 222
BINF. See Brain natriuredc peptide
Borrelia burgdorferi, 97
BPVs. See Bioprosthetic valves
Bradyarrhythmias, 11, 117121
atrioventricular node conduction
disorders, 119-120
electrophysiological study and, 42
heart block, 119-120
mechanisms of, 108, 109110
pacemakers and, 131
sinus bradyeardia, 10, 79, 108,
118
sinus node bradycardia, 118-119
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sudden cardiac death and, 127
syneope and, 122
Brain natriuretic peptide, 8, 9
Brain, hypertension and the, 176
Breast cancer, 164, 224
Bronchoscopy, 8
Bronchospasm, 17
Bruce protocol, 26
Bracella abortus, 152
Bucrger’s disease, 183
Bullous lung disease, 4
Bypass tract, 23

CABG. See Coronary artery bypass
grafting
CAD. See Coronary artery disease
Calffeine, 10, 11, 111, 176
Caleinrn channel antzgonists, 70, 84,
101
Calcium channel blockers
bradycardia and, 118
o treat angina, 63, 64
to treat diastolic heart failure, 96
to treat ectopic atrial mchycardia,
113
to treat hypertension, 178
to treat mitral stenosis, 146
to treat myocardial infarction, 79
to treat pulmonary hypertension,
202
to treat Raynaud’s phenomenon,
182
to treat ST-elevation myoceardial
infarction, 72
to treat syncope, 126
to treat tachyarrhythmias, 112
to treat variant angina, 65
Calcium sign, 188
Calf pain, 195
Cancer, pericardits and, 164. See also
indicidual cancers
Candida, 151
Cannon A waves, 118
Captopril, 178
Carcinoid heart disease, 102, 145
Carcinoid syndrome, 175
Cardiac asthma, 17
Cardiac catheterization, 35-40
angina and, 64
diagnosis of coronary artery disease
and, 4, §
to evaluate acrtic insufficiency, 144
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to evaluate aortic stenosis, 143
to evaluate cardiac tamponade, 167
to evaluate cardiac tumors, 225
to evaluate congenital cardiac
shunts, 208
to evaluate constrictive pericardits,
170-171
to evaluate hypertrophic
cardiomyoparhy, 101
to evaluate mitral regurgitation,
148--149
to evaluate mitral stenosis, 146
to evaluate sudden cardiac death
survivors, 129
left heart, 37--39
right heart, 35-37
to treat post-myocardial infarction,
74
to treat unstable angina and non-
ST elevation myocardial
infaretion, 70
Cardiac dyspnea, 8
Cardiac electrophysiology, 21, 22
Cardiac enzymes, 4, 3, 68, 71
Cardiac hemodynamics, 86
Cardiac index, 83, 86
Cardiac magnetic resonance imaging,
48-49, 225
Cardiac output, 36, 8384, 56
Cardiac replacement therapy, 94, 96
Cardiac revascularization, 74
Cardiac rupture, 221
Cardiac surgery, 164
Cardiac syncope, 123
Cardiac tamponade, 13, 165, 166168
constrictive pericarditis and, 170
dyspnea and, 9
penetrating cardiac injury and, 223
syncope and, 122
Cardiac rransplantation, 94, 96, 98
Cardiac tumors, 47, 128, 224-226
Cardivkbacterinem bowminis, 151, 154
Cardiogenic shock, 38, 71, 76
Cardiomyopathies, 11, 99-104
defined, 87
dilated cardiomyopathy, 13,
99-100, 128, 217
electrocardiogram and, 12
hypertension and, 178
hypertrophic cardiomyopathy. See
Hypertrophic cardiomyopathy
left ventricular size, 100

restrictive cardiomyopathy, 99, 100,
102-103, 171
tachyarrhythmias and, 111
ventricular tachycardia and, 115
Cardiopulmonary exercise testing, 31
Cardiorrhaphy, 223
Cardiovascular disease, pregnancy
and, 217220
Cardiovaseular dynamics, 83-86
Cardiovascular system
auscultation of the chesy, 14-17
general appearance, 13
inspection and palpitation of the
chest, 13-14
jugular venous pressure. See Jugular
Yenous pressure
lungs, 17
physical examination of, 13-17
pulse, 13
Cardioversion, 79, 114, 125, 126
Cardioverter-defibrillator, 101, 102,
103, 113, 116, 129, 132-133
Carditis, 138, 139
Carey-Coombs murmur, 138
Carnitine derivatives, 181
Carotid arterial disease, 192-194
Carond atherosclerotic disease, 180
Carotid bruits, 192
Carotid duplex ultrasound, 193
Carotid endarectomy, 193, 194
Carotid sinus hypersensitivity, 122
Carotid sinus massage, 112, 124, 125
Carotid stent placement, 194
Carpenter-Edwards porcine xenograft,
158
Carvedilol, 94, 178
Catecholamines, 97, 111
CEA. See Carotid endarectomy
Ceftriaxone, 154
Cellulitis, 197
Central venous catheters, 150
Cerebral angiography, 193
Cerchrovascular aceident, 192, See alse
Stroke
Cerebrovascular disease, 192
Cervical venous huam, 217
Chagas’ disease, 97, 9%
Chest
auscultation of, 1417
inspection and palpation of, 13-14
Chest pain, 3-6
aortic stenosis and, 141
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congenital cardiac shunts and, 208
mjtral pegurgitation and, 148
pulmonary hypertension and, 201
syncope and, 123
tachyarrhythmias and, 111
Chest x-ray, 44
abnormal findings, 46
to evaluate aortic ancurysms, 186
to evaluate aortic dissection, 188
to ¢vahuate aortic stenosis, 142
to evaluate cardiac tamponade, 167
to evaluate chest pain, 4, 5
to evaluate congenital cardiac
shunts, 208
to evaluate congestive heart failure,
91
to evaluate constrictive pericarditis,
170, 171
to evaluate dilated cardiomyopathy,
100
to evaluate dyspnea, 8, 9
o evaluate Eisenmenger’s
syndrome, 211
1o evaluate heart failure after
myocardial infavction, 75
to evaluare mfecrive endecarditis,
152
to evaluate mitral regurgitation,
148
to evaluate mitral stenosis, 146
to evaluate pulmonary embolisim,
198
0 evaluate pulmonary
hypertension, 201
to evaluate tetralogy of Fallot, 213
normal, 45
during pregnancy, 218
CHE. See Congestive heart failure
Chlamydia, 35
Chlamiydia premornine, 152
Cholestyramine, 60
Cholethiasis, 69
Chores, 138, 139
Chronic heart failure, 8%
Chronic obstructive pulmoenary
discase, 7, 8, 9, 91
Chrenic rheurnatic valvalar disease,
138
Chronic stable angina, 53, 62-66
Prinzmetal’s variant angina, 65
Chronotropy, 83
Chylomicron remnants, 57
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Chylomicrons, §7, 58
ClL See Cardiac index
Cigarette smoking
aortic aneurysms and, 184
coronary artery disease and, 64
hypertension and, 177
peripheral arterial disease and, 180
pulmonary hypertension and, 201
thromboangtitis obliterans and,
183
variant angina and, 65
Cilostazol, 181
Cine computed tomography, 46-47
Cirthosis, 91
CK. See Creatine kinase
CX-MB. See Creatine kinase-MB
1soenzyme
Claudication, 183
Cleft mitral valve, 148
Clicks, 14
Clindamycin, 156
Clonidine, 178
Clopidogrel, 64, 70, 181, 194
CO. See Cardiac output
Coarctation of the aorta, 175, 218
Cocaine use
chest pain and, 4
heart failure and, 91
myocarditis and, 97
palpitations and, 10, 11
tachyarrhythmias and, 111
variant anging and, 65
Codominant circulation, 53
Cogan syndrome, 191
Collagenase, 56
Collagen vagcular diseases, 97
Coellapsing pulse, 13
Color Doppler echocardiography, 32
Compliance, 3, 85
Computed tomography
to evaluate aortic aneurysms, 186
to evaluate gorte dissection, 189,
19¢
to evaluate cardiac tumors, 225
to evaluate carotid arterial disease,
193
to evaluate chest pain, 3, 6
o evaluate constrictive pericarditis,
170, 171
to evaluate dyspnea, 8, 9
tor evaluate pulmonary embolism,
198
to evaluate syncope, 125
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Conditional probability theory, 30
Confusion, 117
Congenital abnormalities, 115
Congenital cardiac shunts, 46,
207-210
Congenital heart disease, 205-213
congenifal cardiac shunts, 46,
207-210
cyanotic congenital heart discase,
17, 211-213
infective endocarditis and, 150
pregnancy and, 218
sudden cardiac death and, 128
Congenital long QT syndrome, 116
Congestive heart failure, 90
aortic dissection and, 188
aortic stenosis and, 141
atrial fibrillation and, 113
bradycardia and, 117
diastolic heart failure and, 87
dyspnea and, 7, 8, 9
left atrial tumors and symptoms of,
224
management of angina and, 63
myocardial infarction and, 75
pulmonary embolism and, 197
radiographic findings, 46
ST-elevation myocardial infaretion
and, 71
unstable angina and non-8T
elevation myocardial infarction
and, 67-68
Connective tissue disorders, 143, 170,
184, 188, 200-201
Connective tissue serclogy, 201
Constrictive pericarditis, 15, 46, 47,
102103, 169172, 200
Contractilicy, 83, 84
Contrast angiography, 181, 182
Conrrast echocardiography, 34
Contrast enhanced computed
tomography, 189, 190
Contrast-enhanced magnetic
resonance imaging, 98
Contrast venography, 197
Contusion, myocardial, 221, 222
COPD. Ser Chronic obstructive
pulmonary disease
Cord, 196
Corneal arcus, 60
Coronary anatomy, 53
Coronary angiography, 36, 38, 39, 63,
74, 100, 146
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Coronary angioplasty, 91
Coronary artery, blunt trauma injury
to, 222
Coronary artery bypass grafting, 39,
64-65, 70, 76, 126, 129
Coronary artery bypass surgery, 126
Coronary artery disease, 51-80
cardioverter-defibrillarors and, 133
chest pain and, 3, 4
chronic stable angina, 62-66
dyslipidemia, 57--61, 176, 180
dyspnea and, 9
electron beam C1, 47
heart failure and, 90
hypertension and, 176
myocardial infaretion
complications, 7580
peripheral arterial disease and,
180
ST-elevation myocardial infarction,
71-74
stress testing and, 26
sudden cardiac death and, 127, 128
syncope and, 123
unstable angina and nen-ST
elevation myocardial infarction,
6770
ventricular tachyeardia and, 115
Coronary artery dissection, 71
Coronary artery physiology, 53-54
Coronary emboli, 71
Coronary flow reserve, ¥4
Coronary heart disease, 178
Coronary revascularization, 70
Cor pulmoenale, 38, 88
Corrected transpositions, 213
Corrigan’s pulse, 144
Corticostercids, 59
Cor triatriatum, 200
Cough, 90, 201
Coumadin, 73-74
Coxielln buynetti, 152
Coxsackie A, 164
Coxsackie B, 97, 164
CPET. See Cardiopulmonary exercise
testrg
Crack cocaine, 201
Creatine kinase, 4, 5, 61, 98, 129
Creatine kinase-MB fraction, 222
Creatine kinase-MB 1soenyzme, 68,
98
CT. See Computed tomography
Cushing’s syndrome, 175, 177
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Cutaneous striae, 177

CVA. See Cerebrovascular accident

CVID. See Cerebrovascular discase

CXR. See Chest x-ray

Cyanosis, 13, 17

Cyanotic congenital heart disease, 17,
211-213. See alio Congenital
heart disease

Cystic medial necrosis, 184, 185

Dalteparin, 70
DCM. See Dilated cardiomyopathy
D-dimer, 198
Deep venous thrombosis, 91, 195-199
Defibrillators. See Implantable
cardioverter/defibrillators
Degenerative aortic stenosis, 141
Degenerative valve disease, 150
Delayed impulse formation, 110
DeMusset’s sign, 144
Dental procedures, infective
endocarditis and, 151
Dependent rubor, 181
Depressed left ventricular systolic
function, 133
Depression, 11
Diabetes, 4, 176, 177
Diabetes mellitus
aortic aneurysms and, 184
coronary artery disease and, 64
hypertension and, 178
peripheral arterial disease and,
180
Type 11, 59
Diagnostic modalities, 19-49
arrhythimia diagnostic modalities,
41-43
cardiac catheterization. See Cardiac
catheterization
cardiac magnetic resonance
imaging, 48-49, 225
chest radiography. See Chest x-ray
echocardiography. See
Echocardiography
electrocardiogram. See
Echocardiogram
electron bearn computed
tomography, 4647
multiple gated blood pool imaging,
44-46
pregnancy and, 218
stress testing, See Stress testing
Dhaphoresis, 4, 13

Diaphragmatic paralysis, 7, §
Diastolic heart failure, 87, 90, 91, 96
Diastolic murmurs, 218
Digical clubbing, 17, 211, 212
Digitalis, 112, 113
Digitalis-induced arrhythmias, 108,
109
Digoxin
bradycardia and, 118
to treat arthythmias, 79
to treat heart failure, 95
to treat mitral stenosis, 147
to treat periparnum
cardiomyopathy, 219
to treat syncope, 126
to treat systolic heart failure, 93
Digoxin effect, 28, 29, 76

Dilated cardiomyopathy, 13, 99-100, .

128, 217
Diltazem, 178, 182, 202
Dip and plateau pattern, 103, 171
Dipyridamole, 27, 181
Disopyramide, 101
Diuretics
hyperlipidemnia and, 59
to treat ascites, 202
to treat cardiogenic shock, 76
to treat constrictive pericarditis,
171
to treat diastolic heart failure, 96
to treat heart failure, 76
1o treat hypertension, 178
to treat hypertrophic
cardiomyopathy, 101
to treat mitral regurgitation, 149
1o treat mitral stenosis, 147
to treat periparturn
cardiomyopathy, 219
1o treat systolic heart failure, 93
use in heart failure, 95
use in pregnancy, 219
Dizziness, 111, 117
Dobutarnine, 26, 27, 30, 77, 84, 93,
94
Dopamine, 76, 84, 93, 94, 168
Doppler echocardiography, 32, 201
Dressler’s syndrome, 77, 164
Dual chamber pacemakers, 131, 132
Dual-chamber pacing, 101
Ductus arteriosus, 207
Duke criteria, 153, 154
Duplex ultrasonography, 181
Duplex venous ultrasonography, 197
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Duroziez’s sign, 144
Dysbetalipoproteinemia, 59
Dyslipidernia, 57-61, 176, 180
Dyspnea, 7-9, 13
aorde insufficiency and, 143
aortic stenosis and, 141
chest pain and, 4
congenital cardiac shunts and, 208
heart failure and, 90
pregnancy and, 217
pulmonary embolism and, 196
puhmonary hypertension and, 201
as sympromn of heart disease, 3
tachyarrhythmias and, 111
tetralogy of Fallot and, 212

EBCT. See Electron bearn comnputed
tomography
ECG, See Electrocardiogram
Echocardiography, 32-34
color Doppler, 32
contrast, 34
Doppler, 32
to evaluate angina, 63
to evaluate aortic dissection, 189
to evaluate aortic insufficiency,
144
to evaluate aortic stenosis, 143
1o evaluate cardiac tamponade, 167
to evaluate cardiac tumors, 225
to evaluate chest pain, §
to evaluate congenital eardiac
shunts, 208
to evaluate congestive heart failure,
91
to evaluate constrictive pericarditis,
170,171
to evaluate dilated cardiomyopathy,
100
to evaluate dyspnes, 8, 9
to evaluate Fisenmenger’s
syndrome, 211
1o evaluate for prosthetic heart
valve, 158
to evaluate heart failure after
myocardial infarction, 75
to evaluate hypertrophic
cardiomyopathy, 101
to evaluate infective endocarditis
152
o evaluate mitral regurgitation,
148, 149
to evaluate mitral stenosis, 146

>
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to evaluate myocarditis, 98
w evaluate non-penetrating cardiac
injury, 222
o evaluate penetraring cardiac
injury, 223
to evaluate pulmonary embolism,
198
to evaluate rheumatic fever, 138
to evaluate right ventricular
infarction, 76-77
to evaluate ST -elevation myocardial
infarction and, 71
to evaluate sudden cardiac death
survivors, 129
to evaluate syncope, 124, 125
to evaluate tetralogy of Fallot, 212,
213
exercise, 27
post-myocardial infarction
management and, 74
three-dimensional, 34
transthoracic, 32
two-dimensional, 32, 222, 223, 225
use during pregnancy, 218
uses and limitations of, 33
Ectopic atrial tachycardiz, 112, 113
Edema, 90
Ehlers-Danlos syndrome, 148, 188
LEikenella corrodens, 151, 154
Einthoven, Willem, 21
Eisenmenger’s syndrome, 208, 211
Ejection fraction, 44, 85, 86
Electrical cardioversion, 147
Electrocardiogram, 21-25
12-lead, 11, 12, 76, 120, 124, 125
abnormal, 24, 25
in atrial flurter, 114
to evaluate angina, 63
to evaluate aortic insufficiency, 144
to evaluate aortic stenosis, 142
1o evaluate bradycardia, 118
to evahiate chest pain, 4, 5
to evaluate congestive heart failure,
91
to evaluate constrictive pericarditis,
171
to evaluate dysprea, 8, 9
to evaluate Eisenmenger’
syndrome, 211
to evaluate for prosthetic heart
valve, 158
to evaluate hypertension, 177

to evaluate hypertrophic
cardiomyopathy, 101

to evaluate ifective endocardits,
152

o evaluate mitral regurgitation,
148

to evaluate mitral stenosis, 146, 147

to evaluate myocarditis, 98

10 evaluate non-penetrating cardiac
mjury, 221-222

w evaluate palpitatjons, 11, 12

to evaluate pericarditis, 164, 165

10 evaluate pulmonary embolism,
198

w evaluate pulmonary
hypertension, 201, 202

w evaluate rheumatic fever, 138

o evaluate SFelevation myocardial

infarction, 71, 72, 73
to evaluate sudden cardiac death
survivors, 129
to evaluate tachycardias, 112
10 evaluate unstable angina and
non-8T elevation myocardial
infarction, 68
in heart block, 119-120
lead system, 21, 22, 23
normal, 21, 23-25
Electrocardiogram monitoring,
ambulatory, 41-42
Electrolyte abnormalities, 115, 128
Electrolyte panel, 129, 177
Electron beam: computed
tomography, 46-47
Electrophysiolagical study. 423,
125, 129
Emergent thoracotomy, 223
Emotional stress, palpitations and, 11
Emphysema, 200
Enalapril, 178
Enalaprilat, 179, 191
Endocardial cushion defect, 148
Endocardial structures, blunt trauma
mjury to, 222
Endocarditis, 17, 138, 148
infective endocardits, 138, 143,
150-156, 160
Endocarditis prophylaxis, 146
Endocrine disorders, 175
Endoluminal stent grafting, 186
Endomyocardial biopsy, 98
Endomyocardial fibrosis, 102
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Endoscopy, 5, 6

Endothelial dysfunction, 55

Endothelin, 88, 89

Endothelium, 54, 55

Enoxagarin, 70, 199

Enterococei, 151

Enterovirus, 99

Ephedrine, 176

Epistaxis, 138

Epoprostenol, 202, 203

EPS. See Electrophysiological study

Epstein-Barr virus, 164

Equilibration of pressures, 166

Erythema marginatum, 138, 139

Erythrocyte sedimentation rate, 98,
152, 164, 225

Erythromycin, 139, 140

Escape rhythims, 110

Esmolol, 179, 191

Esophageal manometry, §, 6

Esophageal pH measurement, 6

Esophageal rupture, 3

Esophageal spasim, 4, 5

Essential hypertension, 173

Estrogen, 59

Ethanol, 111

ETT. Ser Exercise tolerance test

Event monitors, 41, 125

Event recorders, 120

Excision, to treat cardiac tumors,
225-226

Exercise echocardiography, 27

Exercise-induced ST segment
depression, 63

Exercise stress test, 4, 5, 8, 2630,
129

Exercise therapy, 181

Exercise tolerance test, 70, 74

Exertion

angina and, 3
dyspnea and, 8
Eye, hypertension and, 176

False-posttive ST depression, 30
Farmilial apo CII deficiency, 59

Familial combined hyperlipidemia, 59

Familial defective apoB100, 59
Familial hypercholesterolemia, 59
Familial hypertriglyceridernia, 59
Familial LPL. deficiency, 59
Family history, 64, 175, 176, 184
Fasting glucose test, 177
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Katigue
bradyeardia and, 117
congenital cardiac shunts and, 208
infective endocarditis and, 151
mitral regurgitation and, 148
pregnancy and, 217
pulmonary hypertension and, 201

“Fatty streak,” 55

Fear, bradycardia and, 118

Fenfluramine, 201

Fen-Phen, 148

Fever, 11, 63, 138, 151, 195

Fibrates, 61

Fibric-acid derivatives, 61

Fibromas, 225

Fibromuscolar dysplasia, 175

Fibrosarcomas, 224, 225

Fibrouvs plaque, 55

Fick technique, 36

Filling pressure, 83

Fuxed splitting, 14

Flank pain, 151

Flow-mediated vasodilation, 54

Fluoroscopy, 158

Flutrer waves, 114

Foam cells, 55

Foot care, 181

Foramen ovale, 207

Fossa ovalis, 207

Frank Starling curve, 84-85, 93

Free wall ruprure, 76, 77

Fulminant myocarditis, 98

Furosermide, 76, 94, 178

Gall bladder disease, 4

Giallavardin phenomenon, 142

Gallops, 14

Gastroesophageal reflux disease, 4, 5,
69

Gastrointestinal disorders, 4, 69, 118

Gelatinase, 56

Genetic factors, 99

Gentamicin, 154, 156

Giant cell arteritis, 191

Glycogen storage disease, 102

Glycoprotem lib-IHa inhibitors, 70

Granular cell tumor, 225

Granulomatous diseases, 97

Grroup A beta-hernolytic streprococeal
pharyngitis, 137

Group A streptococct, 137

Gunshot wounds, 223

HACEK organisms, 151, 154
Huemophilus apbrophilus, 151, 154
Huemophilus parainfluenzae, 151, 154
Hampton’s hump, 198
HCM. See Hypertrophic
cardiomyopathy
HDL.. See High~density lipoproteins
Hearr
hypertension and, 176
two-dimensional images of, 33
Heart block, 10, 43, 110, 119-120,
132
Heart disease symptoms, 3
Heart failure, 75-76, 81-104
acute, 88
alterations of hemodynamic
parameters in, 85-86
biventricular, 88
cardiomyopathies, $9-104
cardiovascular hemodynatnics,
H53-86
chronic, 88
diastolic, 87
high-output, 88
hypertension and, 178
left-sided, 87
low-outpus, 88
manifestations, $0-92
mechanisms, 87-89
myocarditis, 97-98
pressure-volume relationships and,
85
rales and, 17
right-sided, 87-88
systolic, 87
treatment of, 75-76, 9296
Heart sounds, 14, 15
Fleart transplantation, 94, 96, 98
Heart-lung transplantation, 202, 211
Hemachromatosis, 91
Hemangioma, 225
Hematochezia, 151
Hematoerit, §, 91
Hematuria, 151, 152
Hemiparesis, 193
Hemisersory loss, 193
Hemochromarosis, 102
Hermodynamic pattern, [71
Hemodynamics
heart fajlure and, 92, 93
of left heart catheterization, 37-39
pregnancy and, 218
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prosthetic heart valves and, 160
of right heart catheterization, 35
Hemolysis, 160
Hemoprysis, 201
Hemorrhagic complications of
prosthetic heart valves, 160
Heparan, 54
Heparin, 73
Hepatobiliary hydroxyiminodiacetic
acid scan, 6
Hepatomegaly, 17, 201
Hepatopulmonary syndrome, 201
Hepatosplenomegaly, 60, 138
Herpes zoster, §
Heterograft tissue valve, 157
Hiaral hernia, 4
High-density lipoproteins, 57, 58
High-tat dier, hyperlipideria and,
59
High-output heart failure, 88
His bundle, 21, 22
His-Purkinje system, 107
History, 3
HIV. See Fluman immunodeficiency
virus
HMG-CoA reductase inhibitor, 60,
61,74
Hoarseness, 201
HOCM. See Hypertrophic obstructive
cardiomyopathy
Holosystolic murmur, 148
Holter monitor, 41, 120, 124, 125
Homans’ sign, 196
Homograft tissue valve, 157
Human immunodeficiency virus
dilated cardiomyopathy and, 99
myocarditis and, 97
pericarditis and, 164
pulmonary hypertension and, 200,
201
Hydralazine, 93, 178, 179, 219
Iydrochlorothiszide, 178
Hypercholesterolemia, 57, 59, 60
Hypercoagulability, 195
Hypereosinophilic syndrome, 102
Hyperkalemia, 11, 111
Hyperlipidemia, 59, 63, 184
Hyperparathyroidism, 160, 175
Hypersensitivity reactions,
myocarditis and, 97, 98
Hypertension, 14, 15, 175-179
angina and, 63
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aoTtic aneurysms and, 184
aortic dissection and, 188
atrial fibrillation and, 113
as cause of heart failure, 88
coronary artery disease and, 64
defined, 175
heare failure and, 90
hypertensive crisis, 178-179
peripheral arterial disease and, 180
pregnancy and, 217, 219
risk factors, 175
target organ damage, 176
unstable angina and non-ST
elevation myocardial infarction
and, 67
Hypertensive heart disease, 91
Hyperthyroidism
dilated cardiomyopathy and, 99
dyspnea and, 7, &
heart failure and, 91
hypertension and, 173
palpitations and, 12
tachyarrhythmias and, 111
unstable angina and non-ST
elevation myocardial infarction
and, 67
Hypertriglyeeridemia, 59, 60, 61
Hypertrophic cardiomyopathy, 14, 16,
99, 100-102
as cause of heart failure, 88
chest pain and, 4
infective endocarditis and, 150
mitral regurgitation and, 148
Hypertrophic heart disease, 111, 128
Hypertrophic obstructive
cardiomyopathy, 101, 122, 123
Hypocalcemia, E11, 128
Hypoglyeernia, 11, 123
Hypokalemia, 11,42, 111, 115, 128
Hypomagnesemia, 11, 115, 128
Hypotension
aortic dissection and, 188
cardiac tamponade and, 166, 167
ST-elevation myocardial infarction
and, 71
syncope and, 122
Hypothermia, 118, 121
Hypothyroidism
bradycardia and, 118, 121
dilated cardicmyopathy and, 99
heart failure and, 91
hypetlipidernia and, 59
hypertension and, 175

IIis npopassr o>

sinus bradycardia and, 118
Hypovoleinia, 38
Hypoxia, 201, 211
Hypoxic vasoconstriction, 200

ICD. See hmplantable
cardioverter/defibrillator

Idiopathic heart failure, 90

1diopathic hypertrophic subaortic
stenosis, 101

Idiopathic pericarditis, 166

Idioventricular rhythm, 110

TDL, See Intermediate-density
lipoproteins

THSS. See Idiopathic hypertrophic
subaortic stenosis

Iimpaired inpulse conduction, 110

Impedance plethesmography, 197

Iimplantable cardioverter/defibrillator,
101, 102, 103, 113, 116, 129,
132-133

Implantable loop monitor, 124, 125

I sitn thrombosis, 71

Indomethacin, 165, 210

Indwelling vascular catheters, 152

Infarction, defined, 29

Infectious diseases, 91

Infective endocardids, 138, 143,
150-156, 160

Inferior vena cava filter placement,
198199

Infiltrative heart disease, 88, 128

Influenza, 97

Infrainguinal bypass procedures,
181182

Inotropes, 77, 95

Inotropy, 84

Intermediate-density lipoproteins, 57

Intermittent claudication, 180

Intestinal edema, 90

Intima, 54

Intracardiac pressures, 83

Intracardiac shunts, 200

Intracoronary thrombosis, 3

Intramyocardial umors, 224

Intravascular ultrasound, 34

Intravenous drug use, 150, 151, 201

Intraventricular block, 79

Intrinsic disease of the sinoatrial
node, 118

{schemia

arrhythmias and, 42
atherosclerotic plague and, 55
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defined, 29
dyspnea and, 8
heart failure and, 91
mijtral regurgitation and, 148
myocardial, 25, 101
Ischemic cardiomyopathy, 53, 88
Eschemic heart disease, 90
IVUS. See Intravascular nltrasound

Janeway lesions, 152
Jones criteria, 138, 139
Jugular venous pressure, 13, 14
cardiac tamponade and, 167
constrictive pericarditis and, 169,
170, 171
palpitations and, 10
pregnancy and, 217
pulmonary embolisim and, 197
pulmonary hypertension and, 201
right ventricular infarction and, 76
Junctional rhythim, 110
Junctional rachycardia, 112
Juvenile rhewmatoid arthrits, 138
VP See Jugular venous pressure

Kawasaki’s disease, 71, 191
Keshan’ disease, 91

Kidney, hypertension and, 176
Kidney cancer, 224

Kingella kingae, 151, 154
Kussmaul’s sign, 76, 170, 171

TLabetolol, 178, 179, 191, 219

LAD artery. See Left anterior
descending artery

L.BBB. See Left bundle branch block

1.Cx artery. See Leit circurmflex
artery

LDLs. See Low-density hipoproteins

Lead system, 21, 22, 23

Lefranterior descending artery, 53, 54

Left atrial tumors, 224

T.eft bundle branch block, 14, 15, 28,
29

Left circumflex artery, 53, 54

Left dominant circulation, §3

1.eft heart catheterization, 37-39

Left-sided hearrt failure, 87, 90-91

Left ventricle aneurysm, 13, 111

Left ventricular diastolic dysfunction,
7

Left ventricular end-diastolic
pressure, 83, 84, 87
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Left ventricular end diastolic volume,
84

Left ventricular failure, 200

Left ventricular hyperwophy, 28, 29

TLeft ventricular systolic dysfunction, 7

Left ventricular tumors, 224

Leriche’s syndrome, 180

Leukocytosis, 152

Levine’s sign, 3

T.HC. See 1eft heart catheterization,
37-39

Lidocaine, 116

Lifestyle modification, hypertension
and, 177

Lightheadedness, 117

Iimb ischemia, 151

Lipid-laden plaque, 55, 56

Lipid-lowering agents, 61

Lipid merabolism, 57

Lipid profile, 59, 61, 177

Lipomas, 224, 225

Lipoprotein {(a), 57, 58

Lipoprotein metabolism, 57, 58

Lipoproteins, 58

Lisinopril, 178

Liver disease, 118

Liver function tests, 61, 201

LMWH. See Low-molecular weight
heparin

Lone atrial fibrillation, 114

Long QT syndrome, 128, 129

Loop momitors, 41

T.osartan, 178

Low-density lipoproteins, 55, 57, 58,
64

Tow-molecular weight heparin, 70,
72,198

Low-outpur heart failure, 88

Lung cancer, 164, 224

Lung disease, 201

Lungs, 17

Lung transplant, 202, 211

[LVEDP. See Left ventricular end-
diastolic pressure

Lyme disease, 97, 98

Lymphadenopathy, 98, 138

Lymphedema, 197

Lymphoma, 164, 224, 225

Macrophages, 5§

Magnesium, 79, 116

Magnetic resonance angiography, 181,
186, 189, 193, 198

Magnetic resonance imaging, 3, 6,
4849, 144, 189
Malaise, 151
Male gender
aortic aneurysms and, 184
coronary artery disease and, 64
hypertension and, 175
peripheral arterial disease and, 180
Mammary souffle, 217
Marfan’s syndrome, 4, 143, 148, 186,
188
MAT. See Multifocal atnial eachycardia
Mechanical prosthetic valves, 157
Media, 54
Medications, as cause of palpitations,
10, 11
Medtronic-Hall valve, 157
Melanoma, 164, 224
Mesotheliomas, 224, 225
Metabolic abnormalities, 11, 91,
111
Metabolic equivalents, 29
Metabolic stress test, §
Metastatic tamors, 224
Methacholine challenge, 8
Methyldopa, 219
Meroprolol, 94, 178, 191, 219
ME'ls, See Metabolic equivalents
MI. See Myocardial infarction
Migratory superficial
thrombophlebitis, 183
Milrinone, 94
Minoxidil, 178
Mitral anmlar calcification, 148
Mitral regurgitation, 147149
as cause of heart failure, 88
hypertrophic cardiomyopathy and,
101
murmurs and, 16
pulmonary hypertension and, 200
rheumatic fever and, 138
Mitral stenosis, 15, 16, 122, 145-147,
200
Mitral valve, 150
Mitral valve disease, 138, 200
Mitral valve disorders, 145-149
Mitral valve prolapse, 15, 16, 147,
148, 150
Mitral valvotomy, 147
Mobitz I (Wenckehach) heart block,
119
Mobitz IT heart block, 119
Modified Duckett Jones criteria, 139
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Motphine, 69-70
MPVs. See Mechanical prosthetic
valves
MRA. See Magnetic resonance
angiography
MRIL. See Magnetic resonance
Imaging
MUGA. See Multiple gated blood
pool imaging
Muller’s sign, 144
Multifocal atrial tachycardia, 13, 112,
113
Multiple gated blood pool imaging,
44-46
Mural thrombi, 77
Murmmurs, 14-17
aortic insufficiency and, 143
aortic stenosis and, 142
Austin-Flint, 144
cardiac turnors and, 225
Carey-Coomnbs, 138
classification of, 16
holosystolic, 148
infective endocarditis and, 151-152
intensity of, 14-15
palpitations and, 10
pregnancy and, 217-218
systolic, 17
Musculoskeletal pain, 4, 5
MVO. See Myocardial oxygen
demand
MV See Mitral valve prolapse
Myalgias, 151
Myocardial contusion, 221, 222
Myocardial infarction
angina and, 63
aprtic dissection and, 188
cardiac tamponade and, 166
chest pain and, 34, 5
coronary artery disease and, 53
infective endocarditis and, 151
non-ST elevation myocardial
infarction, 67-70
pulmonary embolism and, 197
ST-elevation myocardial infarction,
71-74
ST segment in, 25
stress testing and risk of, 26
tachyarrhythmias and, 111
uustable angina and, 69
ventricular tachycardia and, 115
Myocardial infarction comnplications,

7580
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acute myocardial infarction, 77—
78
arrhythmias, 77, 70
cardiogenic shock, 76
heart failure, 75-76
mechanical, 77, 78
right ventricular infarction, 7677
Myocardial ischernia, 25, 101
Myocardial oxygen demand, 26, 62,
63
Myocardial perfusion imaging, 27
Myocarditis, 97-98, 138
Myocardium, 21, 222
Myomectomy, 125
Myositis, 61
Myxedema, 166
Myxomas, 224, 225
Myxomatous degeneration, 148

Nafcillin sodium, 154

National Cholesterol Education
Program, 60

Native valve endocarditis, 150, 156

Natriuretic peptides, 88, 89

Nausea, 169

NCEP. See National Cholesterol
Education Program

Netsserin spp., 164

Neoplasing, 166, 170

Nephrotic syndrome, §9, 93

Newrocardiogenic syncope, 41, 122,
123,125

Neurogenic claudication, 181

Neurogenic sarcoma, 225

Neurological disorders, Raynaud’s
phenomenon and, 182

Niacin, 60, 61

Nicardipine, 179

Nicotine, 11

Nifedipine, 65, 144, 178, 182, 202

NMighr sweats, 151

Nitrates, 63, 64, 65, 70, 76, 93-94

Nitric oxide, 54

Nitroglyeerin, 3, 62, 72, 93, 94,
179

Nitroprusside, 93, 94, 149

MNocturnal cough, 90

Nornischemic cardiomyopathy, 88

Non-penetrating cardiac injury,
121222

Non-Q-wave myocardial infarction,
67-70

Non-ST elevation ryocardial
infarction, 67--70

Nonsustained ventricular tachycardia,
127

Normal sinus thythm, 21, 24

NSTEMI. See Non-5T elevarion
myocardial infarction

INSV'T See Nonsustained ventticular
tachycardia

Nuclear imaging, 27, 28, 30

Nuclear scanning, 98

INVE. See Native valve endocarditis

NYHA (New York Heart Association)
class TII-T'V heart failure, 93

Obesity, 7, 59, 64, 175
Obstruciive liver disease, 59
COhmniscience valve, 157, 159
Oral contraceptives, 176
Organ damage, hypertension and, 176
Orthodromic AV reentrant
tachycardia, 112
Orthopnea, 8, 217
Orthostatic hypotension, 122
Osler's nodes, 152
Osteosarcoma, 225
Ostium primun defect, 207
Ostium secundurn, 207
Owerdrive pacing, 133
Oxacillin sodium, 154
Oximerry, 35
Oxygen, 72, 202

P, 146, 148, 197, 201
PA angiogram, §
PA catheter, 8
PAC contractions. See Premature
atrial contractions
Paced rhythuns, 29
Pacemakers, 131-132
palpitations and, 11
to treat arrhythmias, 79
to treat bradycardia, 121
to treat structural bradycardia, 118
w treat syncope, 125, 126
Pacing catheters, 150
Pager’s disease, 91
Palla’s sign, 198
Palpitations, 10-12
bradycardia and, 117
intratnyocardial tumors and, 224
mitral regurgitation and, 148

< CRaAM M BeXaRO-KROEBEDCHA: MYCAHL sT dpodT. Ry >

pregnancy and, 217
as symptom of heart disease, 3
syncope and, 123
tachyarthythmias and, 111
Pancreatitis, 4, 69
Panic attacks, 11
Papillary fibroelastomas, 224, 225
Papillary mouscle rupture, 76, 77
Parachute mitral valve, 148
Paradoxical splitting, 14
Paraplegia, aortic dissection and,
188
Paroxysmal nocturnal dyspnea, 8
Patent ductus arteriosus, 14, 15, 16,
207210
infective endocarditis and, 150
physical characteristics of, 209
pregnancy and, 218
pulmenary hypertension and, 200
PCWE. See Pulmonary capillary
wedge pressure
PDA. See Patent ductus arteriosus
PDA. See Posterior descending artery
Penetrating cardiac injury, 222-223
Penicillin G, 154
Penicillin V, 139, 140
Pentoxifylline, 181
Peptic ulcer disease, 4
Percutaneous balloon angioplasty,
126, 129
Percutaneous balloon valvuloplasty,
143
Percutaneous transluminal
angioplasty, 181
Percutaneous transluminal carotid
angioplasty, 194
Percutaneous transluminal coronary
angioplasty, 64-65, 70, 73, 74,
76
Peribronchial edema, 17
Pericardial biopsy, 171
Pericardial constriction, vs. pericardial
tamponade and resuictive
cardiomyopathy, 171
Peticardial diseases, 7, 161-172
cardiac tamponade. See Cardiac
tamponade
constrictive pericarditis, 15, 46, 47,
102103, 169-172, 200
pericarditis. See Pericarditis
right-sided heart failure and, 93
Pericardial effusion, 46
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Pericardial Friction rub, 4, §, 16-17,
98, 164, 167
Pericardial knock, 170
Pericardial stripping, 172
Pericardial tamponade, 38, 163, 171,
188, 224
Pericardial mmors, 224
Pericardial window, 226
Pericardiectomy, 168, 172
Pericardiocentesis, 77
Pericarditis, 163165
cardiac tamponade and, 166
chest pain and, 4, 5, 69
as complication of myocardial
infarcrion, 77
constrictive, 15, 46, 47, 102103,
169-172, 200
murmurs and, 16
pericardial tumors and, 224
pulmonary embolism and, 197
rheumatic fever and, 138
Pericardium, 222
Periparturu cardiomyopathy, 219
Peripheral arterial disorders, 180183
acute arterial occlusion, 182
peripheral arterial disease, 180-182
Raynaud’s phenomenon, 182, 183
thromboangiitis obliterans, 183
Peripheral arteries, 176
Peripheral edema, 17, 169, 170, 201,
208
Petechiae, 152
PFTs. See Pulmonary function tests
Pharimacological stress testing, 26,
27-29
Phenothiazines, 128, 139
Phentolamine, 179
Pheochromocytoma, 11, 67, 175
Phlegmasia alba dolens, 196
Phlegmasia cervlea dolens, 196
Physical examination, 3
Physical inactivity, 64, 175
Pleural effusion, 7, 8, 9, 17
Pleural rub, 9
Pleurisy, 197
PMI. See Point of maximal impulse
Pneumatic compression, 199
Prneumococeus, 164
Prneumonia
chest pain and, 4, 5, 69
dyspnea and, 7, 8, 9
left-sided heart failure and, 91

pulmonary embolism and, 197
Prneumothorax, 7, 8, 9, 68, 197
Point of maximal impulse, 13, 217
Polyarthritis, 139
Polygenic hypercholesterolemia, 58,
59

Polymorphic ventricular rachycardia,
1146

Posterior descending artery, 53, 54

Potassium, 79

Port’s shunt, 213

PPH. See Primary pulmonary
hypertension

PR interval, 23

Prazosin, 178

Prednisone, 139

Pre-eclampsia, 219

Pre-excitation syndromes, 128

Pregnancy

cardiovascular disease and, 217-220

dilated cardiomyopathy and, 9%

palpitations and, 11

prosthetic heart valves and, 160
Preload, 83, 84, 93
Premature atrial contractions, 10
Premature ventricular contractions,

i0
Premnature ventricular complexes, 68
Pressure-volume loops, 85
Pregsure-volume relationships, 84-85
Presyncope, 122, 148, 217
Prirvary angioplasty, 73, 74
Primary cardiac tumors, 224, 225
Primary dyslipidernias, 57-59
Primary hyperaldosteronism, 175
Primary hypertension, 175
Primary pulmonary hypertension,
200
Prinzinetal’s variant angina. 65
Probucol, 61
Progestins, 5%
Progressive systemic sclerosis, 182
Propranolol, 178, 191
Prostacyclin, §4
Prosthetic heart valves, 150, 157—
160
Prosthetic valve endocarditis, 150,
156
Proteinuria, 152
Pseudoaneurysms, 77, 184
Pseudoclaudication, 181
Pseudo-serzure, 123
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Pscudoxanthoma elasticum, 148
Psychiatric disorders, as cause of
palpitations, 10, 11
FTCA. See Percutaneous transluminal
coronaty angioplasty
PTCA. See Primary percutaneous
transluminal coronary
angioplasty
Pulbmonary angiography, 198, 201
Pulmonary artery catheter, 91, 92-93,
201
Pulmonary autografc, 159
Pulmonary capillary wedge pressure,
83, 84, 86
Pulmonary capillary wedge pressure
tracing, 149
Pulmonary dyspnea, §
Pulmonary edema, 148
Pulmonary embolic disease, 195-199,
200
Pulmonary embolism, 195
chest pain and, 4, §, 68
dyspnea and, 7, 8, 9
left-sided heart faihare and, 91
Pulmonary fibrosis, 7, 8
Pulmonary function tests, 8, 9, 201
Pulmonary hypertensjon, 200-203
chest pain and, 4, §
congenital cardiac shunts and, 208
dyspriea and, 7, 8
heart sounds and, 14, 15
hemodynainic profile, 38
mitral stenosis and, 145, 146
radiographic findings, 46
Raynaud’s phenomenon and, 182
syncope and, 122
Pubmonary stenosis, 15, 16
Pulmonary valves, 150 .
Pulmonary venous hypertension, 200
Pulmonary venous thrombosis, 200
Pulmonic stenosis, 218
Pulsatile liver, 17
Pulse, 13
Pulsus alternans, 13
Pulsus paradoxus, 13, 167, 170, 171
Pulsus parvus et tardus, 13, 142
PVC contractions. See Premature
ventricular contractions
PVE. See Prosthetic valve
endocarditis
P-waves, 23, 112
retrograde, 114
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ORS axis, 25

QRS complex, 23-23

QRS widening, 29

QT interval, 25

Quincke’s pulses, 144

Q-wave myocardial infarction, 71—
74

Q) waves, 63

Radiation-induced constrictive
pericardits, 170
Radiofrequency energy, 43
Radiofrequency ablation, 114, 125
Radionuclide ventriculography, 44
Rales, 10, 17, 91, 112
Rapeseed oil, 201
Rash, rheumatic fever and, 138
Rate responsive, 132
Raynaud’s phenomenon, 182, 183
RERE. See Right bundle branch
block
RCA. See Right coronary artery
RCM. See Restrictive cardiomyopathy
Reentry, 108, 109, 128
Renal artery stenosis, 175
Renal disease, [76
Renal failure, 160
Renal parenchymal disease, 175
Renin-angiotensin activation, 89
Renovascular disease, 175
Restrictive cardiomyopathy, 99, 100,
102-103
vs. pericardial constriction and
tamponade, 171
Retinopathy, 176
Retrograde P waves, 114
Revascularization therapies, 64-65
Reversible ischemic neurologic deficit,
193
RE. See under Radiofrequency
Rhabdomyolysis, 61
Rhabdomyomas, 224, 225
Rhadomyosarcotnas, 224, 225
RHC. See Right heart catheterization
Rheumatic aortic stenosis, 141
Rheumatic aortic valve disease, 138
Rheumatic fever, 137-140
sortic insufficiency and, 143
mitral stenosis and, 145
myocarditis and, 97, 98
Rheumatic heart disease, 113, (48,
150
Rheumatic mitral regurgitation, 147
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Rheumatoid arthritis
aortic insufficiency and, 143
dilated cardiomyopathy and, 99
mitral stenosis and, 145
pericarditis and, 163, 164
vs. theumatic fever, 138139
Right atrial tumors, 224
Right bundle branch black, 14, 15
Right coronary artery, 53, 54
Right dominant circulation, §3
Right heart catheterizarion, 35-37
Right venericular congestive heart
failure, 91
Right ventricular dysplasia, 115
Right ventricular infarction, 76-77
Right ventricular nunors, 224
Right-sided heart failure, 87-88
Rigors, 151
RIND, See Reversible ischemic
neurologic deficit
Ross procedure, 159
Roth spots, 152
RV heave, 148
RVG. See Radionuclide
ventriculography
RVH, 14

S, 14, 112, 118, 142, 144, 146, 148

S2, 14, 146

Ss, 91, 197, 201

Sy, 14, 91, 118, 197, 201

SA node. See Sinoatrial node

Saddle embolus, 195

St. Jude valve, 157, 158

St. Vitus” dance, 138

Salicylates, 139

Salt intake, 92, 171, 175, 176, 177

Sarcoidosis, 91, 98, 102, 103, 164

SBE. See Subacute bacterial
endocarditis

Scleroderma, 99, 102, 148

Secondary hyperlipidemia, 38, 59

Secondary hypertension, 175

Secondary pulmonary hypertension,
200

Secondary Raynaud’s phenomenon,
182

Selenium deficiency, 91, 99

Sepsis, 67

Septal myomectomy, 101

Septal q wave, 24

Septic shock, 38

Septic thromboernbolism, 152

< CEaAM WM BEOXaBO-KROBRERCHA: MYCAHLE sT $poMT. Ry >

Seronegative spondylarthropathies,
143
Serotonin, 54, 181
Shear stress, 54, 55
Sick sinus syndrome, 118-119, 122,
132
SIDS. See Sudden infant death
syndrome
Single chamber pacemakers, 131, 132
Single tlting disk, 157, 158, 159
Sinoatrial node, 21, 22, 107
Sinus bradyeardia, 10, 79, 108, 118
Sinus node dysfunction, 118-119, 132
Sinus pause, 119
Sinus tachycardia, 10, 112, 113
myocardial infarction and, 79
pregnancy and, 217, 218
rheumatic fever and, 138
unstable angina and non-§T
elevation myocardial infarction
and, 68
Sinus venosus defect, 207
Situational syncope, 122, 123
SEE. See Systemic lupus
erythematosus
Sleep apnea, 176, 200
Sleep studies, to evaluate pulmonary
hypertension, 201
Smooth muscle myosin heavy chain,
188189
Snaps, 14
SNID. See Sinus node dysfunction
Sodium intake, 92, 171, 175, 176,
177
Sodium nitroprusside, 179, 191
SPH. See Secondary pulmonary
hypertension
Spiral computed womography scan, 5,
6, 8
Spironolactone, 93, 95, 178
Splinter hemorrhages, 152
Splitting, 14
Spondyloarthropathy, 185
Spontaneous pnevumothorax, 4, 5
Square root sign, 103, 170
5585, See Sick sinus syndrome
Stable angina, 3
Stab wounds, 223
Staphylococe, 151
Staphylococens aurens, 151, 156
Stapbylococens bowis, 151, 154
Staphylococcus epidermidis, 151
Staphylocecens vividuns, 154
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Starling mechanism, 148
Starr-Edwards valve, 157, 158
Stasis, 195
Statin, 60, 61, 74
ST-elevation myocardial infarction
(STEMI), 71-74
ST segment, 25
ST segment depression, 4, 25, 29, 30,
63, 67
ST segment elevation, 25, 29, 30,
65
Steroids, 165, 176
Stethoscope, 164
Streptococeal pharyngitis, 137
Streptococc, 151, 164
Stress testing, 26-31
cardiomyopathy and, 100
chronic stable angina and, 63
exercise, 4, 5, 8, 26-30, 129
pharmacological, 26, 27--29
Stridor, 9
Stroke, 192, 193
aortic dissection and, 188
atrjal fibrillation and risk of,
[13-114
hypertension and, 176
infective endocarditis and, 151
intracardiac shunts and, 208
mitral stenosis and risk of, 147
Subacute bacterial endocarditis, 151
Subcutaneous nodules, 138, 139
Sudden cardiac death, 127130, 188,
224
Sudden infant death syndrome, 127
Sulfa drugs, 139
Sulfadiazine, 139, 140
Supraventricular tachycardia, 10, 43,
79,112,122
Supraventricular tachycardia with
aberrancy, 112
Surgical therapies for heart failure,
94, 96
SVR. See Systemic vascular resistance
SV'T. See Supraventricular tachycardia
Swan-Ganz catheter, §, 9, 91, 201
Sydenharn’s choren, 138
Symptomatic hypertrophic
cardiomyopathy, 43
Syncope, 122-126
aortic dissection and, 188
aortic stenosis and, 141
arrhythmias and, 43
bradycardia and, 117

mtramyocardial tumors and, 224
pacemakers and, 132
pulmonary embolism and, 196
pulmonary hypertension and, 201
right ventricular tumors and, 224
tachyarrhythmias and, 111
Syphilitic aortitls, 143, 191
Systemic hypotension, 167
Systemic lupus erythematosus
aortic insufficiency and, 143
aortitis and, 191
cardiac tamponade and, 166
dilated cardiomyopathy and, Y9
mitral regurgitation and, 148
mitral stenosis and, 145
pericarditis and, 163, 164
pulmonary hypertension and, 200
Raynaud’s phenomenon and, 182
Systemic sclerosis, 200
Systemic vascular resistance, 36, 84,
86
Systolic flow mururs, 217
Systolic heart fajlure, 87, 91, 93-96
Systolic hypertension, 178
Systolic murimur, 4, 17

Tachyarrhythmias, 11, 111-116

atrial fibrillation, See Atrial
fibrilladon

atrial flurter, 43, 79, 99, 109, 112,
114

atrioventricular nodal reentrant
tachycardia, 10, 109, 112115

atrioventricular reentrant
tachycardia, 43, 109, 112-115

ectopic arrial tachycardia, 112, 113

electrophysiological study and,
4243

mechanistos of, 107109

multifocal atrial tachycardia, 13,
112,113

sinus tachycardia. See Sinus
tachycardia

syncope and, 122

ventricular, 71, 115-116, 133

wide-complex, 116

Tachycardia

cardiac tamponade and, 166, 167

dilated cardiomyopathy and, 99

management of angina and, 63

pulronary embolism and, 197

rheumatic fever and, 138

See #lso Ventricular tachycardia
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Tachyeardia-bradycardia syndrome,
119

Tachypnea, 13, 167, 197, 201, 212

Tailored therapy, 93

Takayasu’s arterits, 191

Tamponade, 7, 8, 138

TAQO, See Thromboangiitis obliterans

Technetivm-99m sestarnibi, 27

TEE. See Transesophageal
echocardiography

Teratoma, 225

Terfenadine, [28

Tetralogy of Fallot, 211213

TG, See Triglycerides

Thallium-201, 27

Theophylline, 11, 11

Theory of conditional probability,
30

Therapeutic lifestyle changes for
dyslipidemia, 60

Thermodilution technique, 36

Thiazide diuretics, 93

Thoracic aortic aneurysins, 184, 185

Thoracotomy, 223

Three-dimensional echocardiography,
34

Thrombectomy, 199

Thromboangiitis obliterans, 183

Thromboembelectomy, 182

Thromboembolisim, 159-160

Thrombolysis, 77

Thrombolytic agents, 70, 72-73

Thrombophlebitis, 195

Thymoma, 225

Thyroid function, 91, 100, 120

Thyroid hormone replacement, 111

Thyroid stimulating hormone test, 8,
1, 12

Thyromegaly, 177

Thyrotoxicosis, 10, 11, 63

TIA. See Transient ischemic attack

Tilt-table testing, 41, 42, 123

Tissue plasminogen activator, 54,
72-73

TLC. See Therapeutic lifestyle
changes

Tobacco use, 53, 176. Sce alw
Cigarette simoking

TOF. See Tetralogy of Fallot

Torsade de Pointes, 108, 109, 116,
128

Toxins, heart failure and, 91
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tPA. See Tissue plasminogen
activator
Transducer, 32
Transesophageal echocardiography,
32,34
to evaluate acute arterial occlusion,
182
10 evaluate aortic dissection, 189,
190
1o evaluate chest pain, 5, 6
o evaluate for prosthetic heart
valve, 158
to evaluate infective endocarditis,
152, 153
of myxoma, 225
Transient bacteremia, 151
Transient ischemic amack, 192, 193
“Transmural myocardial infarction,
71-74
Transthoracic echocardiography, 32,
152, 158, 225
Traube’s sign, 144
Trauma
aortic aneurysms and, 185
aortic insufficiency and, 143
cardiac tamponade and, 166
constrictive pericarditis and, 170
mitral regurgitation and, 148
non-penetrating cardiac injury,
221222
penetrating cardiac injury, 222
223
Treadmill exercise stress testing, 26
Tiicuspid regurgitation, 16
Tricuspid valve, 150
Tricuspid valve disease, 138
Tricyclic antidepressants, 128
Triggered activity, 108, 109, 128
Tiplycerides, 57
Troponin, 4, 5, 68, 98, 129, 222
Trousseau’s syndrome, 196
True aneurysims, 77
Trypanosoma cruzi, 97
I-Tryptophan, 201
TSH 1test. See Thyroid stumulacing
hormone test
Tuberculosis, 164, 169
Tamor plop, 225
T wave, 25
Two-dimensional echocardiography,
32,222,223, 225
Tipe I diabetes mellitus, 59

UA, See Unstable angina

Ultrafast computed tomography,
46-47

Ultrasound, 186

Unfractionated heparin, 70, 72, 182,
198, 199

Unstable angina, 3, 53, 56, 67-70

Urenua, 164, 166

Urinalysis, 177

VAC. See Cardiac replacement
therapy
VADs. See Ventricular assist devices
Valsalva maneuver, 101
Valsartan, 178
Valve degeneration, 160
Valve replacement, 125, 126, 144,
147, 149
Valve thrombosis, 159-160
Valvotommy, 147
Vabrular disease, 111
Valvular heart disease, 135160
aortic valve disorders, 141-144
dyspnea and, 7, 8
heart failure and, 91
infective endocarditis, 138, 143,
150-156, 160
mitral valve disorders, 145-149
palpitations and, 11, 12
pregnancy and, 218-219
prosthetic heart valves, 157-160
rheumatic fever, 97, 98, 137-140,
143, 145
sudden cardiac death and, 128
Valvular stenosis, 39, 138
Valvulits, 137
Vancornyein, [54
Variant angina, 65
Vascular bruts, 181
Vascular diseases, 173-203
angina and, 63
carotid artenal disease, 192194
deep venous thrombosis, 91,
195199
disease of the aorta, 184191
hypertension. See Hypertension
peripheral arterial disorders,
180183
pulmonary embolic disease,
195199, 200
pulmonary hypertension. See
Pulmonary hypertension
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Vascular endothelial growth factor,
181
Vascular injury, 195
Vasculitis, 71, 182, 185, 200
Vasodilators, 11, 26, 27, 93, 219
Vasopressin, 88
Vasopressors, 76
‘asovagal syncope, 122
Venous embaoli, 77
Venous insufficiency, 197
Venous stasis, 91
Venous thromboembolic disease, 195,
196
Venous thrombotic disease, 201
Ventilation/perfusion scanning, 5, 6,
8, 201
Ventricular aneurystns, 77
Ventricular arrythuuas, 211
Venrricular assist devices, 94
Ventricular ectopy, 29
Ventricular fibrillation, 79, 127, 133
Ventricular myocardium, 21
Ventricular premature beats, 79
Ventricular pressure tracing, 171
Ventricular remodeling, 89
Ventricular septal defect, 207-208
infective endocarditis and, 150
murmurs and, 16
myocardial infarction and, 76, 77
non-penetrating cardiac injury and,
222
physical characteristics of, 209
pregnancy and, 218
radiographic findings, 46
Ventricular tachyarrythmias, 71,
115-116, 133
Ventricular tachycardia, 108, 109,
112, 113, 115~116
acute myocardial infarction and, 79
diagnosis of, 42
palpitations and, 10
sudden cardiac death and, 127
syncope and, 122
unstable angina and non-8§T
elevation myocardial infarction
and, 68
Ventriculography, 39
Verapamil, 101, 113, 178
Very-low-density lipoproteins, 57, 58
VE. See Ventricular fibrillation
Viral infections, 4, 55, 97, 99
Viral pericarditis, 163, 166
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Virchow’ triad, 195

Firidans streprococed, 151, 154

VLDL. See Very-low-density
lipoproteins

VA scanning. See
Ventilation/perfusion scanning

VED. See Ventricular sepual defect

VT2 See Ventricular tachycardia

VTE. See Venous thromboermbolic
disease

Vulperable plaque, 56

Warfarin, 114, 160, 182, 194, 198,
202

Watterson shunt, 213

Wepgeners granulomatosis, 164, 191

Weight loss, infective endocarditis
and, 151

Westermarls sign, 198

Wheering, 9, 17, 90

Wide-complex tachycardia, 116

Wolff-Parkinson-White syndrome,
109, 114, 115

Index

Women, stress testing in, 30-31
WPW syndrome. See Wolff-
Parkinson-White syndrome

Xanthelasmas, 60
Xanthomas, 60
Xenograft tissue valve, 157
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Don’t miss these important new pocket guides for medlcal

students and residents...

BLACKWELL'S SURVIVAL GUIDE
FOR INTERNS

Mustafa Hammad, DO Resident

State University of New York o Story Brook, Stony Brook, NY

0632045892, Noverrber, 2001, 150 pages, paperback

Filled with tips and helpful advice on how intems can

survive — and maybe even enjoy — the first year after medical school.
Incudes what shoud be expected as an intem and how to best react
to things that will be encountered.

GoING INTO MEDICAL PRACTICE

Rebecca B. Campen, M0, JD
Horvord Medicol School Boston, MA

063204621, Novernber 2001, 128 pages, paperback

With so many critical career decisions to be made about which
direction to pursue, health care providers need guidance. Going into
Medical Practice provides a clear and unbiased overview of practice
seftings and answers important questions about the many practice
options.

POCKET SURGERY

william R. Wrightson, /10 Resident
University of Louisville, Loulsville, KY
0632046155, 2001, 180 pages, paperback

Students will come to rely on Pocket Surgery as THE resource during

bath surgical ratation and surgical internship. It is essential for:

@ Preparing for rounds

& Refreshing memory on drugs and dosages

4 Review before written and oral exarns and for the boords
& Medical interactions

Pocker GUIDE TO

CLINIcAL PATHOPHYSIOLOGY

Frank M. Griffin, MD, Fopiist Health Systern, Birmingham, AL
0632046341, March 2001, 115 pages, paperback
This i5 a portable guide that emphasizes the physiology of disease to

help restdents work through cornplicated patient problems. Intraduces

methods for recognizing important clinical findings necessary to make
efficient diagnoses.

- Blackwell
Publlshlng

Pocker GUIDE 1O
HERBAL REMEDIES

Lane Johnson, /0 MPH
University of Arizona College of Medicine, Tuc

0632046244, October, 200, 128 pages, paperback

The anly herbal rermedies book writien by an MO, Pocket Guide to
Herbal Remedies features 185 of the most comr’ﬁorﬂy used herbal
remedies with four indexes for

cross-reference to:

# Plant names with commonly used names

# indications

& Confra-indications

CARrDIOLOGY ROTATION

George Taylor, VD
The Medicol University of South Coroling, Charleston, 5C
0632043520, 2001, 250 pages, paperback

This comprehensible handbook, simply and clearly written by an
expenenced teacher and practicing cardiologist, provides medical
students and house officers with crudial information pathophysiclogy,
mechanisms of disease and the physical exam. Includes beard-style
Q#As and pracuc:e CCGs. :

POCKET BRAIMN OF
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